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Background: Data on liver cirrhosis (LC) patients undergoing continuous renal replacement therapy (CRRT) are lacking despite of the 
dismal prognosis. We therefore evaluated clinical characteristics and predictive factors related to mortality in LC patients undergoing 
CRRT. 
Methods: We performed a retrospective observational study at two tertiary hospitals in Korea. A total of 229 LC patients who under-
went CRRT were analyzed. Patients were classified into survivor and non-survivor groups. We used multivariable Cox regression analy-
ses to identify predictive factors of in-hospital mortality.
Results: During a median follow-up of 5 days (interquartile range, 1–19 days), in-hospital mortality rate was 66.4%. In multivariable 
analysis, the Acute Physiology and Chronic Health Evaluation II (APACHE II) score (hazard ratio [HR], 1.03; 95% confidence interval 
[CI], 1.01–1.06; p = 0.02), Model for End-Stage Liver Disease (MELD) score (HR, 1.08; 95% CI, 1.04–1.11; p < 0.001), and delivered 
CRRT dose (HR, 0.95; 95% CI, 0.92–0.98; p = 0.002) were significant risk factors for in-hospital mortality. Patients with a CRRT deliv-
ered dose < 25 mL/kg/hr had a higher mortality rate than those with a delivered dose > 35 mL/kg/hr (HR, 3.13; 95% CI, 1.62–6.05; 
p = 0.001). Subgroup analysis revealed that a CRRT delivered dose < 25 mL/kg/hr was a significant risk factor for in-hospital mortali-
ty among LC patients with a MELD score ≥ 30. 
Conclusion: High APACHE II score, high MELD score, and low delivered CRRT dose were significant risk factors for in-hospital mor-
tality. CRRT delivered dose impacted mortality significantly, especially in patients with a MELD score ≥ 30. 
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Introduction 

Acute kidney injury (AKI) is a well-known complication of 

liver cirrhosis (LC) that occurs in approximately 50% of pa-

tients and is strongly associated with increased mortality [1]. 

Continuous renal replacement therapy (CRRT) has become 

an important kidney replacement therapy (KRT) modality in 

the intensive care unit (ICU) setting worldwide [2]. Cirrhotic 

patients with acute illness frequently experience intravascu-

lar volume depletion and hepatic encephalopathy resulting 

from splanchnic arterial vasodilatation and impaired detoxi-

fication of ammonia [3,4]. Under these circumstances, CRRT 

could be the best KRT option for LC patients because it can 

maintain hemodynamic stability, prevent elevated intracra-

nial pressure, and reduce serum ammonia levels [5]. 

Patient prognosis has improved as the proportion of 

patients undergoing CRRT in the ICU has increased [2]. A 

recent national epidemiological study in Korea showed that 

use of CRRT as an AKI treatment has increased over time 

(2005 to 2007, 4,667 patients [62%]; 2014 to 2016, 13,414 pa-

tients [80%]), whereas the in-hospital mortality rate has si-

multaneously decreased (2005 to 2007, 63.4%; 2014 to 2016, 

53.7%) [6]. Similarly, in a previous report from our hospital, 

the short-term mortality rate of patients for whom CRRT was 

initiated in the ICU was 57.3% [7]. Despite these changes, 

the mortality rate of cirrhotic patients who require dialysis 

due to liver failure but who are noncandidates for liver trans-

plantation remains extremely high at above 80% [8,9]. 

Traditionally, KRT has been considered to be a bridging 

therapy in patients with hepatorenal syndrome (HRS) who 

are possible candidates for liver transplantation [10]. Provid-

ing KRT to acute tubular necrosis (ATN) patients who suffer 

multiple organ failure has been considered inappropriate. 

Due to the lack of outcome data for noncandidates for liver 

transplantation with AKI undergoing KRT, it is difficult to 

determine whether KRT should be offered to these non-list-

ed patients [11]. However, the widespread use of CRRT has 

resulted in cirrhotic patients undergoing CRRT in the form 

of acute KRT. Efforts have recently been made to explore the 

clinical outcomes of LC patients with AKI. Since the Inter-

national Club of Ascites Criteria for AKI (ICA-AKI) staging 

system was adopted, several studies have reported that mor-

tality rate increases with AKI staging [12,13]. Although some 

studies have analyzed mortality rates according to AKI type, 

the results have been inconsistent [14,15]. Furthermore, use 

of different inclusion criteria for AKI staging complicates 

comparison of study findings. Literature on LC patients with 

AKI is difficult to generalize because of the variability in re-

gional practice patterns and available medical treatment op-

tions such as terlipressin [3]. Clinical outcomes for this high-

risk population in Korea are lacking. Therefore, our goal in 

this study was to evaluate the clinical characteristics and risk 

factors for in-hospital mortality in non-listed LC patients re-

ceiving CRRT. 

Methods 

Study subjects 

This was a retrospective study based on clinical data ob-

tained from LC patients admitted to Pusan National Univer-

sity Hospital from January 2013 to December 2018 and to 

Pusan National University Yangsan Hospital from January 

2017 to February 2020. Initially, we investigated all LC pa-

tients who started CRRT for the first time during their hos-

pitalization. Exclusion criteria were as follows: (1) subjects 

under the age of 18 years; (2) subjects who underwent a liver 

transplantation; and (3) subjects who had undergone main-

tenance hemodialysis. Patients were classified into survivor 

and non-survivor groups.

We received appropriate approval from the Institutional 

Review Board (IRB) of Pusan National University Hospital 

(No. 1909-011-083) and the IRB of Pusan National University 

Yangsan Hospital (No. 05-2020-097). The IRBs waived the 

requirement for informed consent because of the retrospec-

tive design of the study.

Data collection and definitions  

We collected demographic data and information on comor-

bidities, including diabetes, hypertension, and chronic kid-

ney disease (CKD), from electronic medical records. We also 

obtained the last serum creatinine value within 3 months 

before admission. CKD was defined as a baseline estimated 

glomerular filtration rate (eGFR) < 60 mL/min/1.73 m2. Clin-

ical data, laboratory results, and radiologic findings were re-

viewed to identify complications related to LC and to ascer-

tain causes of AKI. To estimate the severity of acute illness, 

Sequential Organ Failure Assessment (SOFA) and Acute 

Physiology and Chronic Health Evaluation II (APACHE II) 
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scores were calculated on the day of ICU admission [16,17]. 

The severity of LC was assessed using the Model for End-

Stage Liver Disease (MELD) score [18], which was obtained 

at the time of CRRT initiation. The application of CRRT was 

based on clinical judgment by a treating physician. Study in-

vestigators reviewed medical records to confirm the diagno-

sis and need for KRT. The delivered dose of CRRT, expressed 

as mL/kg/hr, was calculated by effluent flow. 

The diagnosis of HRS was based on the 2015 ICA-AKI and 

was as follows [19]: (1) diagnosis of cirrhosis and ascites; 

(2) diagnosis of AKI according to ICA-AKI criteria; (3) no 

response after two consecutive days of diuretic withdrawal 

and plasma volume expansion with albumin at 1 g/kg body 

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

nephrotoxic drugs; and (6) no macroscopic signs of structur-

al kidney injury. Shock was defined as a systolic blood pres-

sure of less than 80 mmHg or use of vasopressors. Gastroin-

testinal bleeding complications were also evaluated. Other 

LC complications were ascites, lactic acidosis, spontaneous 

bacterial peritonitis, hepatic encephalopathy, hepatocellular 

carcinoma, and bleeding episodes except gastrointestinal 

bleeding due to coagulopathy. 

Continuous renal replacement therapy  prescription 

CRRT was applied to critically ill LC patients with AKI who 

had acidemia, hyperkalemia, pulmonary edema, hepatic 

encephalopathy, or needed solute removal according to the 

judgment of their physicians. CRRT was performed using 

the Prismaflex set with the AN 69 ST 100 membrane (Baxter 

International Inc., Deerfield, IL, USA) in continuous venove-

nous hemodiafiltration mode. The initial prescribed dose of 

CRRT ranged from 30 to 40 mL/kg/hr in most cases. Addi-

tional modifications were made according to the catabolic 

state or the presence of metabolic acidosis or hyperkalemia. 

Heparin-free, heparin, or nafamostat mesylate anticoagu-

lants were selected depending on patient bleeding tendency. 

Outcomes 

Study subjects were followed up until discharge, transfer to 

another hospital, or death in the study hospital. Primary out-

come was in-hospital, all-cause mortality during the study 

period. 

Statistical analysis 

Continuous variables are presented as means ± standard  

deviations or medians (interquartile range). Categorical 

variables are presented as numbers (percentages). The 

Kolmogorov-Smirnov test was performed to assess if vari-

ables followed a normal distribution. We performed the t 

test or Mann-Whitney U test to assess the significance of 

differences in continuous variables between survivors and 

non-survivors, and the chi-square test to assess the signifi-

cance of differences in categorical variables between these 

two groups. We used natural log transformation to normal-

ize urine output (UO) and CRRT duration values. Mortality 

according to the reason for requiring CRRT and delivered 

CRRT dose was analyzed using the Kaplan-Meier method 

with a log-rank test. CRRT delivered dose was analyzed as 

both a continuous and categorical variable and patients were 

divided into three groups according to CRRT delivered dose: 

<25, 25–35, and >35 mL/kg/hr groups. We used univariable 

and multivariable Cox regression analyses to identify risk 

factors for in-hospital mortality. Multivariable analysis was 

performed by selecting variables that showed significance in 

the univariable analysis, excluding the component variables 

of the APACHE II or MELD scores except for sex and age. Ad-

ditionally, we performed subgroup analysis according to LC 

severity based on the MELD score. We also used the maxi-

mum Youden’s index in the receiver operating characteristic 

(ROC) curve to assess the optimal cutoff value of the MELD 

score. Associations are presented as hazard ratios (HRs) with 

corresponding 95% confidence intervals (CIs). All collected 

data were analyzed using IBM SPSS for Windows version 

23.0 (IBM Corp., Armonk, NY, USA). The p-values less than 

0.05 were considered statistically significant. 

Results 

Clinical characteristics of patients 

A total of 229 LC patients who did not undergo liver trans-

plantation but who underwent CRRT at two tertiary hospi-

tals were analyzed. Patients were grouped into survivors (n = 

77) and non-survivors (n = 152). The baseline characteristics 

of the study patients are shown in Table 1. Mean age was 

58.1 ± 10.5 years, and 179 patients (78.2%) were male. The 

proportion of patients with CKD was evaluated based on 172 
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Table 1. Baseline clinical characteristics of liver cirrhosis patients undergoing CRRT
Characteristic Total Survivor Non-survivor p-value

No. of patients 229 77 152

Age (yr) 58.1 ± 10.5 57.8 ± 10.2 58.2 ± 10.6 0.78

Male sex 179 (78.2) 62 (80.5) 117 (77.0) 0.54

Comorbidity

 Diabetes mellitus 74 (32.3) 21 (27.3) 53 (34.9) 0.25

 Hypertension 70 (30.6) 24 (31.2) 46 (30.3) 0.89

 CKDa 24 (14.0) 6 (3.5) 18 (10.5) 0.27

ICU risk factor

 Ventilator use 123 (53.7) 36 (46.8) 87 (57.2) 0.13

 Vasopressor use 158 (69.0) 38 (49.4) 120 (78.9) < 0.001

 SBP (mmHg) 107 ± 22 117 ± 21 103 ± 21 < 0.001

 SOFA score 13.0 ± 4.8 11.2 ± 4.2 14.0 ± 4.8 < 0.001

 APACHE II score 26.0 ± 7.2 23.9 ± 6.3 27.1 ± 7.4 0.002

 MELD score 31.9 ± 5.6 29.4 ± 5.4 33.2 ± 5.2 < 0.001

UO for 6 hr before CRRT (mL) 80 (20–183) 125 (30–365) 60 (20–144) 0.002

CRRT duration (hr) 35.0 (16.0–91.0) 36.0 (15.0–101.0) 32.0 (16.3–83.5) 0.44

CRRT prescription

 CRRT downtime (hr) 1.0 (0.0–4.5) 1.0 (0.0–4.5) 1.0 (0.0–4.8) 0.76

 Prescribed dose (mL/kg/hr) 38.9 ± 4.8 39.7 ± 5.0 38.5 ± 4.7 0.08

 Delivered dose (mL/kg/hr) 33.4 ± 6.0 35.1 ± 5.5 32.4 ± 6.0 0.001

Laboratory finding

 White blood cell (103/µL) 13.8 ± 9.8 12.4 ± 7.0 14.5 ± 11.0 0.09

 Hemoglobin (g/dL) 9.4 ± 2.4 9.4 ± 2.1 9.4 ± 2.5 0.97

 Platelet (103/µL) 86.1 ± 61.2 93.0 ± 59.5 82.6 ± 62.0 0.23

 Total bilirubin (mg/dL) 5.7 ± 7.0 4.9 ± 5.2 6.1 ± 7.8 0.21

 Total protein (g/dL) 5.4 ± 1.1 5.6 ± 1.2 5.2 ± 1.1 0.02

 Albumin (g/dL) 2.8 ± 1.7 2.8 ± 0.8 2.8 ± 2.0 0.79

 Creatinine (mg/dL) 3.6 ± 6.0 3.6 ± 2.3 3.5 ± 7.1 0.99

 BUN (mg/dL) 49.5 ± 30.3 47.0 ± 29.7 50.7 ± 30.6 0.39

 Sodium (mmol/L) 134.0 ± 8.1 132.1 ± 6.0 135.0 ± 8.9 0.004

 PT-INR 2.4 ± 1.5 2.1 ± 0.9 2.6 ± 1.7 0.004

 Total CO2 (mmol/L) 13.4 ± 6.6 13.6 ± 7.1 13.3 ± 6.3 0.77

 pH 7.3 ± 0.1 7.3 ± 0.1 7.2 ± 0.1 0.02

Causes of CRRT

 HRS 18 (7.9) 3 (3.9) 15 (9.9) 0.11

 Acute kidney injury

  With shock 172 (75.1) 57 (74.0) 115 (75.7) 0.79

  Without shock 39 (17.0) 17 (22.1) 22 (14.4) 0.15

Data are expressed as number only, mean ± standard deviation, number (%), or median (interquartile range).
APACHE II, Acute Physiology and Chronic Health Evaluation II; BUN, blood urea nitrogen; CRRT, continuous renal replacement therapy; HRS, hepatorenal 
syndrome; ICU, intensive care unit; MELD, Model for End-Stage Liver Disease; PT-INR, prothrombin time-international normalized ratio; SBP, systolic blood 
pressure; SOFA, Sequential Organ Failure Assessment; UO, urine output.
aThe proportion of patients with CKD was evaluated based on 172 patients with an available baseline estimated glomerular filtration rate value.

patients with an available baseline eGFR value. Twenty-four 

patients (14.0%) had underlying CKD, of which 23 patients 

had advanced CKD (eGFR category of G3b or higher). We 

presented baseline, admission, and peak serum creatinine 

values in Supplementary Table 1 (available online). There 

were no significant differences in age, sex, or comorbidities 
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between survivor and non-survivor groups. The most com-

mon cause of admission was infection (25.8%) followed by 

other LC complications (24.5%), gastrointestinal (GI) bleed-

ing (17.0%), HRS or AKI (9.6%), cardiovascular events (5.7%), 

and other factors such as trauma or transcatheter arterial 

chemoembolization (17.5%). 

On initiation of CRRT, 123 (53.7%) and 158 patients (69.0%) 

required mechanical ventilation and vasopressors, respec-

tively. Not only was the use of vasopressors significantly 

higher (49.4% vs. 78.9%, respectively; p < 0.001) but systolic 

blood pressure was significantly lower (117 ± 21 mmHg vs. 

103 ± 21 mmHg, respectively; p < 0.001) in the non-survi-

vor group than the survivor group. The survivor group had 

lower SOFA and APACHE II scores on ICU admission and a 

lower MELD score on initiation of CRRT than the non-sur-

vivor group (11.2 ± 4.2 vs. 14.0 ± 4.8, respectively, p < 0.001; 

23.9 ± 6.3 vs. 27.1 ± 7.4, respectively, p = 0.002; 29.4 ± 5.4 vs. 

33.2 ± 5.2, respectively, p < 0.001). The survivor group had a 

higher UO for the 6 hours before initiation of CRRT than the 

non-survivor group (125 mL [30–365 mL] vs. 60 mL [20–144 

mL], respectively; p = 0.002). The prescribed dose of CRRT 

was similar between the survivor and non-survivor groups 

(39.7 ± 5.0 mL/kg/hr vs. 38.5 ± 4.7 mL/kg/hr, respectively; p 

= 0.08); however, the actual delivered dose was higher in the 

survivor group than in the non-survivor group (35.1 ± 5.5 

mL/kg/hr vs. 32.4 ± 6.0 mL/kg/hr, respectively; p = 0.001). So-

dium and prothrombin time-international normalized ratio 

(PT-INR) levels were significantly lower (132.1 ± 6.0 mmol/

L vs. 135.0 ± 8.9 mmol/L, respectively, p = 0.004; 2.1 ± 0.9 vs. 

2.6 ± 1.7, respectively, p = 0.004) in survivors, whereas total 

protein was significantly higher in survivors compared with 

non-survivors (5.6 ± 1.2 g/dL vs. 5.2 ± 1.1 g/dL, respectively; 

p = 0.020). The leading indication for CRRT was AKI with 

shock (75.1%). The proportion of HRS tended to be higher 

in non-survivors than survivors (9.9% vs. 3.9%, respectively). 

However, no statistically significant differences in reason for 

requiring CRRT were observed between the two groups. 

Risk factors for in-hospital mortality 

Causes of death are presented in Table 2. During a median 

follow-up period of 5 days (interquartile range, 1–19 days), 

the in-hospital mortality rate was 66.4%. Twenty-one pa-

tients (9.2%) died within 24 hours of being admitted to the 

ICU. The most common causes of death were LC complica-

tions (36.2%) and infection (22.4%), except for spontaneous 

bacterial peritonitis. The Kaplan-Meier curve showed that 

the cumulative survival rate was not significantly different 

according to the CRRT causes of HRS, AKI with shock, and 

AKI without shock (Fig. 1). Cumulative survival rate was also 

similar between the HRS and AKI groups (p = 0.26).  

Table 3 shows the Cox regression analysis results for 

in-hospital mortality. In univariable analysis, indicators of 

acute disease severity such as SOFA score (HR, 1.06; 95% 

CI, 1.03–1.10; p < 0.001), APACHE II score (HR, 1.04; 95% 

CI, 1.02–1.06; p = 0.001), and MELD score (HR, 1.08; 95% 

CI, 1.05–1.11; p < 0.001) were significantly correlated with 

increased in-hospital mortality. Low log UO, log CRRT du-

ration, and CRRT delivered dose were also associated with 

increased in-hospital mortality (HR, 0.90; 95% CI, 0.83–0.98; 

p = 0.01/ HR, 0.77; 95% CI, 0.68–0.87; p < 0.001/ and HR, 

0.95; 95% CI, 0.92–0.98; p = 0.001, respectively). In multi-

variable Cox regression analysis, APACHE II score (HR, 1.03; 

95% CI, 1.01–1.06; p = 0.02), MELD score (HR, 1.08; 95% CI, 

1.04–1.11; p < 0.001), and delivered CRRT dose (HR, 0.95; 

95% CI, 0.92–0.98; p = 0.002) were significant risk factors for 

in-hospital mortality. We further investigated the associa-

tion with in-hospital mortality by using the CRRT delivered 

dose as a categorical variable. Kaplan-Meier curves for 

cumulative survival rates stratified by CRRT delivered dose 

are presented in Fig. 2. When comparing the three CRRT 

delivered dose groups, the survival rate was lowest in the 

group with a CRRT delivered dose < 25 mL/kg/hr (log-rank 

p < 0.001). The mortality rate was significantly higher in pa-

tients with a CRRT delivered dose < 25 mL/kg/hr compared 

with a dose > 35 mL/kg/hr after adjustment (HR, 3.13; 95% 

Table 2. Causes of death for non-survivors
Cause of death Non-survivor (n = 152)

HRS or AKI 17 (11.2)

Gastrointestinal bleeding 29 (19.1)

Other LC complicationsa 55 (36.2)

Infection 34 (22.4)

Cardiovascular event 6 (3.9)

Othersb 11 (7.2)

Data are expressed as number (%).
AKI, acute kidney injury; HRS, hepatorenal syndrome; LC, liver cirrhosis.
aIncludes lactic acidosis, spontaneous bacterial peritonitis, hepatic 
encephalopathy, hepatocellular carcinoma, and a bleeding episode 
due to coagulopathy except gastrointestinal bleeding. bIncludes trauma, 
anaphylactic shock, and unknown causes.
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CI, 1.62–6.05; p = 0.001) (Table 4). 

Effects of continuous renal replacement therapy delivered 
dose on mortality according to liver cirrhosis severity 

We divided study patients into two groups based on a 

MELD score of 30, which was previously reported to have 

a mortality rate of above 50% [20,21]. ROC analysis showed 

that the area under the curve was 0.707 (p < 0.001) and the 

maximum Youden’s index was 28.5, which is similar to the 

conventional cutoff value for predicting mortality. A CRRT 

delivered dose < 25 mL/kg/hr was a significant risk factor for 

in-hospital mortality in the severe LC group after adjustment 

(MELD score ≥ 30; HR, 2.80; 95% CI, 1.32–5.96; p = 0.007) 

(Table 4). However, there was no significant correlation 

between CRRT delivered dose and in-hospital mortality in 

patients with a MELD score < 30. 

Discussion 

AKI in LC patients, especially those who are not candidates 

for liver transplantation, is extremely challenging to treat. 

Several previous studies demonstrated that development of 

AKI was an independent prognostic factor for mortality in 

LC patients [12,22–25]. In the current study, we investigated 

the clinical characteristics of LC patients initiating CRRT and 

explored factors associated with in-hospital mortality. We 

observed that non-listed LC patients needing CRRT had an 

in-hospital mortality rate of 66.4%, which is higher than that 

reported in a previous study of middle-aged (55–64 years) 

patients from our hospital for whom CRRT was initiated [7]. 

A high APACHE II score, high MELD score, and low CRRT 

delivered dose were significant risk factors for in-hospital 

mortality. The mortality rate was significantly higher in pa-

tients with a CRRT delivered dose < 25 mL/kg/hr than those 

with a delivered dose > 35 mL/kg/hr after adjustment. This 

association was significant only in patients with severe LC 

(MELD score ≥ 30). 

Previous multicenter clinical trials have investigated the 

relationship between CRRT dose and mortality [26,27]. 

These trials reported a lower mortality rate when the CRRT 

delivered dose was >19–22 mL/kg/hr, although the higher 

Figure 1. Kaplan-Meier curves for mortality according to causes of CRRT. Causes of CRRT were not significantly associated with in-
hospital mortality in liver cirrhosis patients (p = 0.08).
AKI, acute kidney injury; CRRT, continuous renal replacement therapy; HRS, hepatorenal syndrome.
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CRRT delivered dose group did not have decreased mortali-

ty compared to the lower CRRT delivered dose group [28]. In 

other words, maintaining the CRRT delivered dose in an ap-

propriate range reduced mortality. Our results support the 

hypothesis that there is a minimum required CRRT delivered 

dose for improvement of mortality in susceptible patients. 

We found that those patients with a higher MELD score 

group were more affected by CRRT delivered dose than 

those with a lower MELD score. CRRT is widely used as an 

extracorporeal technique to support both kidney and liver 

function in liver failure patients. We would expect to ob-

serve an improvement in mortality rate due to a reduction 

in complications from accumulated toxins caused by liver 

dysfunction. Consistent with this, several clinical studies 

have reported that CRRT can reduce serum bilirubin and 

ammonia levels [29,30]. However, literature regarding the re-

lationship between bilirubin, ammonia excretion, and mor-

tality is sparse. Cardoso et al. [5] reported a 38% reduction in 

serum ammonia from day 1 to 3 as well as a reduction in 21-

day all-cause mortality with CRRT. In our study, because se-

rum ammonia levels were not collected, we were unable to 

analyze the association between serum ammonia levels and 

Table 3. Cox regression analysis results for in-hospital mortality

Variable
Univariable analysis Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value

Age (per year) 1.00 (0.98–1.01) 0.79 1.01 (0.99–1.03) 0.41

Male sex (vs. female) 1.00 (0.65–1.39) 0.79 0.73 (0.48–1.12) 0.15

Comorbidity

  Diabetes mellitus 1.14 (0.81–1.59) 0.46

  Hypertension 0.95 (0.67–1.34) 0.76

  Chronic kidney disease 1.17 (0.71–1.94) 0.55

ICU risk factors

 Ventilator use 1.42 (1.03–1.96) 0.04

 Vasopressor use 2.47 (1.67–3.67) <0.001

 SOFA score 1.06 (1.03–1.10) <0.001

 APACHE II score 1.04 (1.02–1.06) 0.001 1.03 (1.01–1.06) 0.02

 MELD score 1.08 (1.05–1.11) <0.001 1.08 (1.04–1.11) < 0.001

Log UO 0.90 (0.83–0.98) 0.011 0.94 (0.85–1.04) 0.26

Log CRRT duration 0.77 (0.68–0.87) <0.001 0.88 (0.77–1.02) 0.08

Prescribed dose (per mL/kg/hr) 1.00 (0.94–1.01) 0.23

Delivered dose (per mL/kg/hr) 0.95 (0.92–0.98) 0.001 0.95 (0.92–0.98) 0.002

Laboratory finding

 White blood cell (per 103/µL) 1.01 (0.99–1.03) 0.22

 Hemoglobin (per g/dL) 0.98 (0.91–1.05) 0.55

 Platelet (per 103/µL) 1.00 (1.00–1.00) 0.2

 Total bilirubin (per mg/dL) 1.01 (0.99–1.04) 0.21

 Total protein (per g/dL) 0.80 (0.70–0.99) 0.002 0.95 (0.80–1.12) 0.55

 Albumin (per g/dL) 0.96 (0.84–1.10) 0.56

 Creatinine (per mg/dL) 1.00 (0.96–1.03) 0.84

 BUN (per mg/dL) 1.00 (0.99–1.00) 0.57

 Sodium (per mmol/L) 1.04 (1.01–1.06) 0.001

 PT-INR 1.21 (1.10–1.33) < 0.001

 Total CO2 (per mmol/L) 0.99 (0.97–1.02) 0.46

 pH 0.21 (0.07–0.65) 0.007

Adjusted factors are age, sex, APACHE II score, MELD score, log UO, log CRRT duration, delivered dose, and total protein.
APACHE II, Acute Physiology and Chronic Health Evaluation II; BUN, blood urea nitrogen; CI, confidence interval; CRRT, continuous renal replacement 
therapy; HR, hazard ratio; ICU, intensive care unit; MELD, Model for End-Stage Liver Disease; PT-INR, prothrombin time-international normalized ratio; 
SOFA, Sequential Organ Failure Assessment; UO, urine output.
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mortality rates. Further investigation is needed to provide a 

rationale for advocating for CRRT for liver support in popu-

lations with high morbidity. 

In CRRT treatment, an optimal prescription is important, 

including the appropriate CRRT dose [28]. The CRRT deliv-

ered dose is usually lower than the prescribed dose [31]. Fur-

thermore, CRRT is often discontinued due to clotted filters 

or hypotension, which frequently occur in LC patients with 

cardiovascular instability and coagulopathy [32]. Non-sur-

vivors had lower blood pressures and required more vaso-

pressor use than survivors in our study. This may have con-

tributed to delivery of a lower CRRT dose in non-survivors 

than survivors. However, there was no significant difference 

in CRRT downtime between the two groups, so other factors 

need to be considered. Prior studies have demonstrated that 

the discrepancy between the prescribed and delivered CRRT 

dose is due to multiple factors [33–35]. Malfunction of the 

catheter and filter may contribute to reduced blood flow and 

Figure 2. Kaplan-Meier curves for mortality stratified by CRRT delivered dose. Mortality rate differed significantly among the 
stratified groups according to CRRT delivered dose (mL/kg/hr; p < 0.001).
CRRT, continuous renal replacement therapy.

Table 4. Effects of CRRT delivered dose on mortality according to MELD group

CRRT delivered dose
Total (n = 212)

MELD

<30 (n = 75) ≥30 (n = 121)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Continuous variable

 Delivered dose (per mL/kg/hr) 0.95 (0.92–0.98) 0.002 0.95 (0.88–1.02) 0.18 0.96 (0.93–1.00) 0.04

Categorical variable (mL/kg/hr)

  >35 Reference Reference Reference

  25–35 1.62 (1.08–2.44) 0.02 1.23 (0.55–2.73) 0.62 1.69 (1.04–2.75) 0.03

  <25 3.13 (1.62–6.05) 0.001 2.09 (0.41–10.54) 0.37 2.80 (1.32–5.96) 0.007

Adjusted factors are age, sex, APACHE II score, MELD score, log urine outcome, log CRRT duration, delivered dose, and total protein.
CI, confidence interval; CRRT, continuous renal replacement therapy; HR, hazard ratio; MELD, Model for End-Stage Liver Disease.

Number at risk

Delivered dose > 35 75 29 13 8 5 4 3 2 1 1 0
Delivered dose 25–35 122 42 16 10 8 7 4 3 0 0 0
Delivered dose < 25 15 3 1 1 0 0 0 0 0 0 0

Delivered dose > 35
Delivered dose 25–35
Delivered dose < 25

Log-rank p < 0.001

Outcome duration (day)
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lead to machine disconnection from the patient. In addition, 

a decrease in membrane permeability, an increase in urea 

production, and a larger distribution volume of uremic sol-

utes can also increase the gap between the prescribed and 

delivered amount of CRRT. 

The non-survivor group had lower serum albumin lev-

els and a more prolonged PT-INR than the survivor group, 

implying worsened LC severity in the former. Furthermore, 

a higher APACHE II score and higher MELD score were in-

dependent risk factors for in-hospital mortality. Our results 

suggest that multiorgan failure is correlated with mortality, 

consistent with previous studies [36,37]. In a meta-analysis, 

the ICU score, which refers to the degree of organ damage, 

was a predictive factor for short-term mortality in LC pa-

tients. In particular, liver and kidney dysfunction affect long-

term mortality [38]. 

The survivor group had lower serum sodium levels despite 

a lower MELD score than the non-survivor group. There 

was no significant difference in serum sodium levels at hos-

pitalization between the survivor and non-survivor groups 

(131.4 ± 6.0 vs. 132.9 ± 6.6, respectively; p = 0.08). This indi-

cates that the non-survivor group had greater serum sodium 

fluctuations than the survivor group. In addition, a previ-

ous study showed that serum sodium variation (≥6 mEq/

L) during hospital stay was a predictor of the mortality rate 

of hospitalized patients [39]. Thus, we further analyzed the 

relationship between mortality and serum sodium variation 

(ΔNa, defined as the absolute difference between the serum 

sodium value at hospitalization and before CRRT initiation). 

Compared to the survivor group, the non-survivor group 

had a higher ΔNa (2.6 mEq/L [0.0–7.1 mEq/L] vs. 0.9 mEq/

L [0.0–2.6 mEq/L], p = 0.002) and a higher proportion of pa-

tients with ΔNa ≥ 6 mEq/L (28.3% vs. 11.7%). In univariable 

analysis, log ΔNa (HR, 1.29; 95% CI, 1.10–1.52; p = 0.002) and 

ΔNa ≥ 6 mEq/L (HR, 1.73; 95% CI, 1.21–2.47; p = 0.002) were 

significantly correlated with increased in-hospital mortality. 

However, multivariable analysis showed that log ΔNa (HR, 

1.13; 95% CI, 0.83–1.52; p = 0.44) and ΔNa ≥ 6 mEq/L (HR, 

1.43; 95% CI, 0.72–2.84; p = 0.30) were not significant predic-

tors of in-hospital mortality in the present study. 

Although the importance of AKI is increasingly being 

recognized, there are no gold-standard diagnostic criteria 

for AKI in LC patients. The International Club of Ascites 

announced new criteria for staging AKI in this population 

in 2015 [19]. UO has been deleted from the 2015 ICA-AKI 

diagnostic criteria because cirrhotic patients are frequently 

oliguric with sodium retention, even though kidney function 

is normal [19]. Although UO for 6 hours before CRRT was 

lower in non-survivors than in survivors, this was not cor-

related with mortality rate. However, measurement of UO for 

only six hours immediately before CRRT may be too short a 

time window. In addition, UO does not fully reflect deterio-

ration of kidney function in LC patients, so CRRT should be 

initiated based on consideration of the dysfunction of vari-

ous organs. Consequently, more meticulous management of 

LC patients with severe acute illness is required. Clinicians 

should modify the precipitating factors of AKI, restore in-

travascular volume with albumin infusion with continuous 

assessment of organ dysfunction, and assess the need for 

CRRT.  

Reasons for initiating CRRT were not significantly correlat-

ed with mortality, consistent with a previous study. Allegretti 

et al. [14] reported that the 6-month mortality rate in KRT 

was 85%, and that the cause of AKI (ATN vs. HRS) was not 

associated with mortality in non-listed LC patients requiring 

KRT. However, this finding should be interpreted with cau-

tion. Most existing studies have been retrospective in nature, 

involving patients with different baseline characteristics, 

CRRT initiation criteria, and prescriptions. In addition, there 

may have been some difficulties in clearly distinguishing 

categories of HRS and AKI, although there are HRS diagnos-

tic criteria for LC patients [19]. 

In a previous meta-analysis of LC patients admitted to 

the ICU, patients admitted for variceal bleeding had a lower 

mortality rate than patients admitted for other reasons [38]. 

In our study, there were no significant associations between 

the cause of admission (i.e., gastrointestinal bleeding, HRS 

or AKI, other LC complications, infection, cardiovascular 

events) and in-hospital mortality (p = 0.22). Our study find-

ings may be different from those of previous studies because 

we focused on critically ill patients who needed CRRT. 

We conducted this study because previous studies on CRRT 

outcomes of non-listed LC patients have reported incon-

sistent findings, and Korean data are insufficient. However, 

there are several limitations to our study. First, as a retrospec-

tive observational study, potential biases that we did not ac-

count for may have been present. Second, we collected data 

from two tertiary hospitals with liver transplantation centers, 

but not within the same time period. Finally, there might 

have been variability in clinical diagnoses, timing of CRRT, 
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and prescription for CRRT among the treating physicians. 

In conclusion, the outcomes of LC patients needing CRRT 

remain poor. High APACHE II score, high MELD score, and 

low CRRT delivered dose were significant risk factors for in-

creased in-hospital mortality in LC patients requiring CRRT. 

A low CRRT delivered dose had a greater impact on in-hos-

pital mortality in patients with high LC severity than those 

with low LC severity. Therefore, achieving an effective CRRT 

dose is crucial, especially in patients with severe LC. 
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