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Abstract 

Background:  The effect of acute kidney injury (AKI) on patients with acute variceal bleeding (AVB) using the recently 
proposed International Club of Ascites (ICA) criteria is unclear. This study aimed to evaluate the incidence of AKI using 
the ICA criteria and factors associated with the outcomes in cirrhotic patients with AVB.

Methods:  This retrospective cohort study included data of cirrhotic patients with AVB from two centers in Korea. The 
association of the ICA criteria for AKI with 6-week mortality was analyzed through univariate and multivariate analyses 
using the Cox proportional hazard model.

Results:  In total, there were 546 episodes of AVB in 390 patients, of which 425 and 121 episodes were due to esopha‑
geal and gastric variceal bleeding, respectively. Moreover, 153 patients fulfilled the ICA criteria for AKI, and 64, 30, 
39, and 20 patients were diagnosed with stages 1a, 1b, 2, and 3, respectively. Conversely, 97 patients developed AKI 
within 42 days as per the conventional criteria. The 6-week mortality rate was significantly higher in patients with ICA-
AKI than in patients without ICA-AKI; the occurrence of ICA-AKI was an independent factor for predicting the 6-week 
mortality.

Conclusion:  The ICA criteria could help diagnose renal dysfunction earlier, and presence of AKI is a predictor of mor‑
tality in patients with cirrhosis and AVB.
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Background
Acute variceal bleeding (AVB) is one of the most life-
threatening complications of portal hypertension and a 
major cause of death in patients with liver cirrhosis [1, 
2]. Over the past two decades, therapeutic developments 
in the management of AVB have resulted in marked 
improvement in the mortality rate in the initial 6 weeks 
[3, 4]. However, despite advances in the management 

approaches for AVB, the 6-week mortality rate remains 
high at 10–20% [1, 5]. Several factors increase the risk of 
mortality in patients with AVB: Child–Pugh score, model 
of end-stage liver disease (MELD) score, hepatocellular 
carcinoma (HCC), hypovolemic shock, hepatic venous 
gradient, active bleeding at endoscopy, and renal dys-
function [4, 6–8].

Renal dysfunction occurs in approximately 20% of hos-
pitalized patients with cirrhosis [9–12]. Acute kidney 
injury (AKI) may have a significant effect on the mor-
tality of patients with liver cirrhosis and AVB. Recently, 
the International Club of Ascites (ICA) proposed new 
diagnostic criteria for AKI in patients with cirrhosis [13], 
which defines AKI as either an increase of baseline serum 
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creatinine level by ≥ 0.3  mg/dL or a 50% increase from 
baseline levels. A recent study showed that AKI defined 
using the ICA criteria commonly occurs (41%) in patients 
with gastric variceal bleeding [14]. In addition, the ICA-
AKI criteria could help diagnose renal dysfunction ear-
lier than the conventional criteria and predict mortality 
in patients with liver cirrhosis and gastric variceal bleed-
ing. This could have a significant effect on mortality 
in patients with esophageal and gastric variceal bleed-
ing. However, few studies have diagnosed AKI defined 
according to the ICA criteria in patients with esophageal 
variceal bleeding. Therefore, this retrospective cohort 
study aimed to investigate the incidence of AKI as per 
the new ICA criteria in cirrhotic patients with esophageal 
and gastric variceal bleeding and to investigate the factors 
related to the 6-week mortality.

Material and methods
Study population
From January 2015 to December 2019, a total of 640 con-
secutive episodes of AVB in 463 patients with cirrhosis 
at two centers were screened for enrollment. The inclu-
sion criteria were as follows: (1) aged > 18 years, (2) liver 
cirrhosis, and (3) acute esophageal or gastric variceal 
bleeding confirmed by endoscopy. The exclusion crite-
ria were as follows: (1) loss to follow-up within 3 months 
after variceal bleeding (26 episodes), (2) end-stage renal 
disease (4 episodes), and (3) recent variceal bleeding 
within 3 months (64 episodes in 43 patients). Laboratory 
test results and comorbidities, including diabetes mel-
litus and hypertension, were retrieved from the medical 
records of patients with AVB. The patients’ medical his-
tories were reviewed to identify demographic, laboratory, 
and endoscopic data.

The Institutional Review Boards of Gyeongsang 
National University Changwon Hospital (IRB No. 2017-
07-003) and Gyeongsang National University Hospital 
(IRB No. 2015-01-008) approved this study. The informed 
consent was waived due to the retrospective design of 
this study, as determined by the Institutional Review 
Boards.

Definition and treatment
Medical charts were retrospectively reviewed to deter-
mine death and AKI occurrence within 6  weeks. For 
patients with multiple episodes of AVB during the study 
period, all episodes except AVB episodes within the last 
3 months were considered for analyses of 6-week mortal-
ity. The index date in this analysis was defined as the date 
of the first visit to the hospital for AVB. After enrollment, 
all patients underwent laboratory investigations, includ-
ing serum creatinine, at least every 2–3 days.

Liver cirrhosis was defined as the (1) presence of clini-
cal signs of portal hypertension manifested as varices, 
ascites, or hepatic encephalopathy or (2) compat-
ible imaging findings accompanied by thrombocytopenia 
(< 100,000/µL). Variceal bleeding was defined as hemor-
rhage from esophageal or gastric varices confirmed by 
endoscopy. AVB was defined as bleeding in a patient with 
liver cirrhosis and hematemesis within the last 24  h of 
presentation and/or ongoing melena within the last 24 h 
[5]. Active variceal bleeding was defined as spurting or 
oozing at the time of endoscopy [5].

Endoscopy was performed within 24 h after admission 
in all patients. Endoscopic variceal ligation (EVL) was 
performed for treatment of bleeding from esophageal 
varices or gastroesophageal varices type 1, whereas endo-
scopic variceal obturation (EVO) with histoacryl was 
performed for the treatment of bleeding from gastroe-
sophageal varices type 2 or isolated gastric varices. All 
endoscopic procedures were performed by endoscopists 
with > 5 years of experience. Balloon-occluded retrograde 
transvenous obliteration (BRTO) was used in isolated 
gastric varices as per the clinical decision of the physi-
cians. Prophylactic antibiotics and vasoconstrictors such 
as terlipressin or somatostatin were started as soon as 
variceal bleeding occurred. Balloon tamponade was used 
for refractory esophageal bleeding despite immediate 
endoscopic therapy. However, emergency intrahepatic 
portosystemic shunt was not available in our centers.

Failure to control bleeding was defined as death or the 
need to change treatment defined by one of the follow-
ing events: (1) fresh hematemesis or nasogastric aspira-
tion of ≥ 100 mL of fresh blood ≥ 2 h after the start of a 
therapeutic endoscopy, (2) development of hypovolemic 
shock, or (3) 3  g drop in hemoglobin within 24  h if no 
transfusion is administered [1, 15]. Variceal rebleeding 
was defined as recurrent melena or hematemesis after 
day 5 in any of the following criteria: (1) hospital admis-
sion, (2) blood transfusion, (3) 3 g drop in hemoglobin, or 
(4) death within 6 weeks [15, 16].

Acute kidney injury
The ICA criteria defined AKI as an increase of ≥ 0.3 mg/
dL within 48 h or ≥ 50% of baseline in serum creatinine 
levels within the previous 7  days [13]. Baseline serum 
creatinine was defined as the most recent value of serum 
creatinine within 3  months before admission, because 
serum creatinine before admission was barely available 
in patients developing AVB. In patients without serum 
creatinine value available in the 3 months before admis-
sion, the last stable level of serum creatinine between 
3 months and 1 year was used as the baseline. If pread-
mission serum creatinine values were not available, the 
creatinine level at admission was used as the baseline [9, 
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11]. Conventional AKI was defined as a 50% increase in 
serum creatinine with a final value above 1.5 mg/dL.

AKI stages were defined as follows [13]: AKI stage 1, 
an increase in serum creatinine ≥ 0.3 mg/dL or increase 
in serum creatinine ≥ 1.5-fold to twofold from baseline; 
AKI stage 2, an increase in serum creatinine by > 2 to 
threefold from baseline; and AKI stage 3, an increase in 
serum creatinine by > threefold from baseline or serum 
creatinine ≥ 4.0 mg/dL with an acute increase of 0.3 mg/
dL or need for renal replacement therapy (RRT). Patients 
in stage 1 were further subdivided into stage 1a (serum 
creatinine < 1.5  mg/dL) and stage 1b (serum creati-
nine ≥ 1.5 mg/dL) [12]. If the patients experienced multi-
ple episodes of AKI within 42 days, only the first episode 
was considered. AKI progression was defined as progres-
sion to a higher AKI stage and/or need for RRT during 
hospitalization.

The cause of AKI was classified into three groups: (1) 
pre-renal AKI, (2) hepatorenal syndrome (HRS)-AKI, 
and (3) intrinsic-renal AKI. The diagnostic criteria of 
HRS were defined using the ICA criteria [13].

Statistical analysis
The Mann–Whitney U test was used to analyze differ-
ences in continuous variables between groups. Fisher’s 
exact and Pearson’s chi-square tests were used to analyze 
qualitative data. Survival curves for the development of 
6-week survival were calculated using the Kaplan–Meier 
method and compared using the log-rank test. Univari-
ate and multivariate analyses were conducted using the 
Cox proportional regression model to identify potential 
factors associated with AKI development and 6-week 
mortality. The components of the Child–Pugh scores and 
MELD scores were excluded in the multivariate analyses 
to avoid collinearity. The risk was expressed as hazard 
ratio (HR) and 95% confidence interval (CI). A two-sided 
P value of < 0.05 was considered significant for all analy-
ses. Statistical analyses were conducted using the PASW 
software (version 18; SPSS Inc, Chicago, IL).

Results
Patient characteristics
In total, 546 episodes in 390 patients with AVB were 
selected for analysis (Fig.  1). Baseline characteristics of 
546 episodes with AVB are shown in Table 1. The median 
patient age was 58 years, and 84.1% of the patients were 
male. The primary etiologies of cirrhosis were alcohol 
consumption (64.7%), hepatitis B virus (19.8%), hepatitis 
C virus (7.1%), and cryptogenic causes (8.4%). Bleeding 
sources were esophageal varices in 425 (77.8%) and gas-
tric varices in 121 (22.2%) patients. EVL, EVO, and BRTO 
were performed in 450, 90, and 6 patients with AVB, 
respectively. Initial endoscopy revealed active variceal 

bleeding in 232 patients (42.5%). Failure to control bleed-
ing was noted in 32 patients (5.9%). Variceal rebleeding 
was observed in 38 patients (7.0%) after day 5.

AKI development
Of the 546 episodes, 153 (28.0%) fulfilled the ICA cri-
teria for AKI. The composition of baseline creatinine is 
shown in Additional file  1: Table  S1. AKI was present 
in 128 (83.7%) patients at admission, whereas 7 (4.6%) 
had AKI beyond 5 days of hospitalization. Patients with 
AKI had higher median serum creatinine level at admis-
sion (1.12  mg/dL vs. 0.73  mg/dL; P < 0.001) and base-
line serum creatinine levels (0.75  mg/dL vs. 0.71  mg/
dL; P < 0.009) than patients without AKI. At the time of 
AKI diagnosis, 64 (41.8%), 30 (19.6%), 39 (25.5%), and 
20 (13.1%) patients had initial AKI at stages 1a, 1b, 2, 
and 3, respectively (Table  2). The median serum creati-
nine levels at the time of AKI diagnosis were 1.19  mg/
dL, 2.03 mg/dL, 1.70 mg/dL, and 2.70 ng/dL in stages 1a, 
1b, 2, and 3, respectively. During hospitalization, peak 
AKI stages 1a, 1b, 2, and 3 were seen in 56 (36.6%), 27 
(17.6%), 37 (24.2%), and 33 (21.6%) patients, respectively. 
Among the 153 patients with AKI, AKI progression was 
observed in 30 (19.6%) patients, and 19 (12.4%) patients 
needed RRT. The 6-week mortalities as per the progres-
sion of AKI are shown in Fig. 2. In 153 patients with AKI, 
progression of AKI was markedly more common among 
non-survivors (53.5%) than among survivors (6.4%; 
P < 0.001) (Table 2). The causes of AKI were (1) prerenal 
AKI in 131 (85.6%) patients, (2) HRS-AKI in 18 (11.8%) 
patients, and (3) intrinsic renal AKI in 4 (2.6%) patients 
(Table 2).

In the univariate analysis, risk factors associated with 
AKI development were HCC (HR, 1.95; P < 0.001), fail-
ure to control bleeding (HR, 2.78; P < 0.001), use of diu-
retics (HR, 1.39; P = 0.048), initial hemoglobin level (HR, 
0.83 per g/dL; P < 0.001), Child–Pugh score (HR, 1.26 per 
point; P < 0.001), and MELD score (HR, 1.10 per point; 
P < 0.001). In the multivariate analysis for AKI develop-
ment, the risk factors were HCC (HR, 1.70; P = 0.007), 
hemoglobin level (HR, 0.91 per g/dL; P = 0.026), and 
MELD score (HR, 1.11 per point; P < 0.001) (Table 3).

Effect of AKI on survival
During the study period, the overall mortality rate was 
9.3% (n = 51) at 6 weeks. The 6-week mortality rate was 
higher in patients with AKI (28.1%) than in patients with-
out AKI (2.0%, P < 0.001) (Fig. 2A). In addition, patients 
with initial AKI stage 1a (9.4%; P = 0.001), stage 1b 
(46.7%; P < 0.001), stage 2 (25.6%; P < 0.001), and stage 
3 (65.0%; P < 0.001) had higher 6-week mortality rates 
(Fig.  2B) than those without AKI (2.0%). Regardless of 
the initial AKI stage, patients with AKI progression had 
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higher 6-week mortality rate than those without AKI 
progression (Fig.  3). Patients with AKI stage 1b did not 
have a significantly higher 6-week mortality rate (46.7%; 
P = 0.080) than those with initial AKI stage 2 (25.6%). 
Moreover, the median serum creatinine level at diagnosis 
in patients with initial AKI 1b (2.03  mg/dL) was higher 
than that in those with stage 2 (1.70  mg/dL; P < 0.001). 
According to the conventional diagnostic criteria of 
AKI, 97 (17.8%) patients developed AKI within 42 days. 
Patients with conventional AKI diagnosis had higher 
6-week mortality rate (n = 40, 41.2%; P < 0.001) than 
those without (n = 11, 2.4%). There were 56 patients who 
did not meet the conventional AKI criteria but did meet 

the new ICA-AKI criteria. All 56 of these patients had 
AKI stage 1b, with 3 of the 56 dying within 42 days.

Factors associated with 6-week mortality on the uni-
variate analysis were HCC (HR, 4.33; P < 0.001), failure to 
control bleeding (HR, 14.03; P < 0.001), initial hemoglobin 
level (HR, 0.85 per g/dL; P = 0.031), Child–Pugh score (HR, 
1.62 per point; P < 0.001), MELD score (HR, 1.17 per point; 
P < 0.001), and AKI (HR 15.69; P < 0.001). Factors associated 
with 6-week mortality in the multivariate analysis were 
HCC (HR, 3.29; P < 0.001), failure to control bleeding (HR, 
4.95; P < 0.001), MELD score (HR, 1.10 per point; P < 0.001), 
and AKI (HR, 3.95; P = 0.002) (Table 4) (Additional file 1: 
Table S2).

Fig. 1  Flow chart. AKI, acute kidney injury; ESRD, end-stage renal disease
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Discussion
In this study, the incidence of AKI according to the new 
ICA criteria was 28% in 546 patients with AVB, whereas 
the incidence according to the conventional criteria was 
17.8%. This study showed that HCC, initial hemoglobin 
level, and MELD score are risk factors for development of 
ICA-AKI. Further, the occurrence of ICA-AKI is an inde-
pendent risk factor for 6-week mortality. In particular, 
among patients with AKI, those with a higher initial AKI 
stage and with AKI progression showed higher mortality 
rate than those with a lower initial AKI stage and without 
AKI progression.

Recent studies have reported renal impairment in 19%-
41% of patients with cirrhosis and AVB [14, 17–20]. Of 
these studies, only two small-scale have studies used the 

new AKI diagnostic criteria [14, 20]. In the most recent 
study in China, large-scale retrospective results using 
ICA criteria were published [21]. However, the inci-
dence rates of ICA-AKI and conventional AKI in cir-
rhotic patients with acute gastrointestinal bleeding were 
7.1% and 5.0%, respectively, which are very low compared 
with those in previous studies. In addition, the mortality 
rate was significantly increased by renal dysfunction and 
ICA-AKI stages 1B, 2, and 3 (14.5% vs. 2.2%, P < 0.001), 
but not by any stage ICA-AKI (11.1% vs. 2.8%, P = 0.083). 
This study, which included 546 episodes in patients diag-
nosed with cirrhosis and active gastroesophageal variceal 
bleeding, showed an overall incidence of 28% and 17.8% 
for AKI diagnosed using the ICA and conventional crite-
ria within 42 days, respectively. A previous meta-analysis 

Table 1  Baseline characteristics of patients with acute variceal bleeding (n = 546)

HBV, hepatitis B virus; HCV, hepatitis C virus; BMI, body mass index; HCC, hepatocellular carcinoma; MELD score, Model For End-Stage Liver Disease score; PT-INR, 
prothrombin time-international normalized ratio. Data are presented as median (interquartile range) for continuous data and percentages for categorical data

All patients (n = 546) No AKI (n = 393) AKI (n = 153) P

Age, year 58.0 (51.0–68.0) 58.0 (51.5–68.0) 58.0 (51.0–67.0) 0.810

Male sex 459 (84.1%) 326 (83.0%) 133 (86.9%) 0.298

Bleeding source 0.360

 Esophageal varices 425 (77.8%) 310 (78.9%) 115 (75.2%)

 Gastric varices 121 (22.2%) 83 (21.1%) 38 (24.8%)

Active bleeding at endoscopy 232 (42.5%) 161 (41.0%) 71 (46.4%) 0.250

Etiology 0.538

 Alcohol 353 (64.7%) 247 (62.8%) 106 (69.3%)

 HBV 108 (19.8%) 83 (21.1%) 25 (16.3%)

 HCV 39 (7.1%) 29 (7.4%) 10 (6.5%)

 Cryptogenic 46 (8.4%) 34 (8.7%) 12 (7.8%)

BMI, kg/m2 22.9 (20.7–25.0) 22.9 (20.8–24.9) 23.1 (20.5–25.3) 0.602

Diabetes 184 (33.7%) 128 (32.6%) 56 (36.6%) 0.420

HCC 82 (15.0%) 44 (11.2%) 38 (24.8%)  < 0.001

Child–Pugh classification  < 0.001

 A 158 (28.9%) 133 (33.8%) 25 (16.3%)

 B 265 (48.5%) 198 (50.4%) 67 (43.8%)

 C 123 (22.5%) 62 (15.8%) 61 (39.9%)

MELD score 12.0 (10.0–18.0) 11.0 (9.0–14.0) 19.0 (14.0–25.0)  < 0.001

Ascites 293 (53.7%) 199 (50.6%) 94 (61.4%) 0.028

Encephalopathy 49 (9.0%) 23 (5.9%) 26 (17.0%)  < 0.001

Diuretics 177 (32.5%) 116 (29.6%) 61 (39.9%) 0.025

Hemoglobin, g/dL 8.7 (7.5–10.0) 9.0 (7.7–10.2) 8.0 (6.9–9.0)  < 0.001

Platelet, × 109/L 84.5 (59.0–118.3) 84.0 (69.5–113.0) 85.0 (55.0–133.0) 0.602

PT-INR 1.43 (1.26–1.69) 1.37 (1.25–1.57) 1.69 (1.42–2.08)  < 0.001

Bilirubin, mg/dL 1.43 (0.89–2.67) 1.30 (0.83–2.30) 1.87 (1.01–4.00)  < 0.001

Albumin, g/dL 2.9 (2.5–3.4) 3.0 (2.6–3.4) 2.7 (2.2–3.0)  < 0.001

sCr at admission, mg/dL 0.79 (0.64–1.00) 0.73 (0.63–0.89) 1.12 (0.84–1.58)  < 0.001

Baseline sCr, mg/dL 0.71 (0.61–0.86) 0.71 (0.60–0.84) 0.75 (0.62–0.92) 0.009

Failure to control bleeding 32 (5.9%) 11 (2.8%) 21 (13.7%)  < 0.001

Variceal rebleeding 38 (7.0%) 27 (6.9%) 11 (7.2%) 0.854
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focusing on gastrointestinal bleeding in patients with cir-
rhosis reported an incidence of 21% of renal dysfunction, 
but the incidence of renal dysfunction according to the 
new AKI diagnostic criteria was up to 25% [22]. These 

findings suggest that the ICA-AKI criteria can detect 
renal dysfunction in patients with AVB earlier than the 
conventional criteria. However, in our study, 3 of the 56 
patients (serum creatinine < 1.5  mg/dL) diagnosed with 

Table 2  Renal factors of six-week mortality in patients with AKI (n = 153)

sCr, serum creatinine; AKI, acute kidney injury, RRT; renal replace therapy, HRS, hepatorenal syndrome

Data are presented as median (interquartile range) for continuous data and percentages for categoricaldata

All patients (n = 153) No Death (n = 110) Death (n = 43) P

Baseline sCr, mg/dL 0.75 (0.62–0.93) 0.71 (0.59–0.83) 0.91 (0.72–1.19)  < 0.001

sCr at admission, mg/dL 1.12 (0.84–1.58) 1.13 (0.83–1.55) 1.05 (0.87–1.65) 0.761

sCr at initial AKI 1.46 (1.18–2.03) 1.32 (1.13–1.74) 2.05 (1.50–2.80)  < 0.001

Peak sCr, mg/dL 1.58 (1.20–2.32) 1.36 (1.14–1.77) 2.67 (1.91–3.76)  < 0.001

Initial AKI stage  < 0.001

 Stage 1a 64 (41.8%) 58 (52.7%) 6 (14.0%)

 Stage 1b 30 (19.6%) 16 (14.5%) 14 (32.6%)

 Stage 2 39 (25.5%) 29 (26.4%) 10 (23.3%)

 Stage 3 20 (13.1%) 7 (6.4%) 13 (30.2%)

Progression of AKI 30 (19.6%) 7 (6.4%) 23 (53.5%)  < 0.001

Need for RRT​ 19 (12.4%) 1 (0.9%) 18 (41.9%)  < 0.001

Peak AKI stage  < 0.001

 Stage 1a 56 (36.6%) 53 (48.2%) 3 (7.0%)

 Stage 1b 27 (17.6%) 19 (17.3%) 8 (18.6%)

 Stage 2 37 (24.2%) 30 (27.3%) 7 (16.3%)

 Stage 3 33 (21.6%) 8 (7.3%) 25 (58.1%)

Cause of AKI  < 0.001

 Prerenal AKI 131 (85.6%) 104 (94.5%) 27 (62.8%)

 HRS 18 (11.8%) 3 (2.7%) 15 (34.9%)

 Intrinsic 4 (2.6%) 3 (2.7%) 1 (2.3%)

Fig. 2  Six-week mortality in patients diagnosed with acute kidney injury (AKI) using the International Club of Ascites (ICA) criteria (n = 546). A 
Patients without AKI show better survival than those with AKI (P < 0.001). B Patients with AKI stages 1a (P = 0.001), 1b (P < 0.001), 2 (P < 0.001), and 3 
(P < 0.001) had higher 6-week mortality rate at the time of AKI diagnosis than patients without AKI. AKI, acute kidney injury; ICA, International Club 
of Ascites
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Table 3  Univariate and multivariate analyses showing significant predictive factors of acute kidney injury (n = 546)

Bold numbers indicate significant P-values in multivariate analysis

HR, hazard ratio; CI, confidence interval; HCC, hepatocellular carcinoma; MELD score, model for end-stage liver disease score

Variable Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)

Male 0.318 1.27 (0.79–2.03)

Age per year 0.950 1.00 (0.99–1.01)

HCC  < 0.001 1.95 (1.35–2.82) 0.007 1.70 (1.16–2.49)

Failure to control bleeding  < 0.001 2.78 (1.75–4.41) 0.202 1.37 (0.84–2.23)

Diuretics 0.048 1.39 (1.00–1.92) 0.398 1.18 (0.81–1.72)

Initial hemoglobin per g/dL  < 0.001 0.83 (0.77–0.91) 0.026 0.91 (0.83–0.99)

Child–Pugh score per point  < 0.001 1.26 (1.18–1.36) 0.115 0.91 (0.81–1.02)

MELD score per point  < 0.001 1.10 (1.08–1.12)  < 0.001 1.11 (1.08–1.14)

Fig. 3  Course of acute kidney injury (n = 546). At the time of acute kidney injury (AKI) diagnosis, patients with higher AKI stages have a higher 
6-week mortality rate than those with lower stages. Patients with AKI progression had higher 6-week mortality rate than those without AKI 
progression

Table 4  Univariate and multivariate analyses showing significant predictive factors of six-week mortality (n = 546)

Bold numbers indicate significant P-values in multivariate analysis

HR, hazard ratio; CI, confidence interval; HCC, hepatocellular carcinoma; MELD score, model for end-stage liver disease score; AKI, acute kidney injury

Variable Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)

Male 0.627 1.22 (0.55–2.71)

Age per year 0.594 1.01 (0.98–1.03)

HCC  < 0.001 4.33 (2.48–7.56)  < 0.001 3.29 (1.83–5.94)

Failure to control bleeding  < 0.001 14.03 (7.92–24.92)  < 0.001 4.95 (2.69–9.09)

Initial hemoglobin per g/dL 0.031 0.85 (0.73–0.98) 0.400 1.07 (0.92–1.25)

Child–Pugh score per point  < 0.001 1.62 (1.43–1.84) 0.066 1.17 (0.99–1.39)

MELD score per point  < 0.001 1.17 (1.13–1.20)  < 0.001 1.10 (1.05–1.15)

AKI  < 0.001 15.69 (7.37–33.39) 0.002 3.95 (1.65–9.51)
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ICA-AKI and who did not meet the conventional criteria 
died.

We identified that AKI development in patients with 
cirrhosis and AVB was associated with a significant 
increase in the 6-week mortality rate. The 6-week mor-
tality rate of patients with AKI was 28.1%. In addition, 
there was a 3.0-fold increase in the risk of 6-week mortal-
ity rate in patients with AKI than in those without AKI. 
A previous meta-analysis suggested that renal dysfunc-
tion increased the risk of mortality among patients with 
cirrhosis and acute gastrointestinal bleeding [22]. In a 
previous study of 113 patients with cirrhosis and gastric 
variceal bleeding conducted by Hsieh [14], the 6-week 
mortality rate in patients with ICA-AKI (37%) was higher 
than that in those without ICA-AKI (3%, P < 0.001), and 
AKI stages were independent predictors of 3-month sur-
vival. In another study of 132 patients with acute gastric 
variceal bleeding, the 6-week mortality rate was higher 
with conventional AKI criteria (63.6%) than that without 
conventional AKI (7.3%), and AKI defined using con-
ventional criteria was an independent predictive factor 
for 6-week mortality. However, few recent studies have 
demonstrated a relationship between AKI and mortal-
ity in patients with cirrhosis and acute gastroesophageal 
variceal bleeding. To the best of our knowledge, this is 
one of the largest studies that have demonstrated the 
incidence of ICA-AKI and the relationship between ICA-
AKI and 6-week mortality in patients with acute gastroe-
sophageal variceal bleeding.

The mechanism of renal impairment in cirrhosis is pri-
marily related to the development of circulatory dysfunc-
tion [23, 24]. Systemic vascular resistance is reduced by 
primary arterial vasodilatation in the splanchnic circula-
tion following activation of the vasoconstrictor system 
including the sympathetic nervous system, renin–angio-
tensin–aldosterone system, and arginine-vasopressin 
secretion. This explains some of the cardinal mechanisms 
of the development of risk factors for AKI, such as renal 
retention of sodium, ascites formation, and HRS. Hypo-
volemia as a consequence of AVB is a common cause of 
impaired renal function in cirrhosis. In our study, 53.7% 
of the total patients had ascites at the time of bleeding. 
The independent predictors for AKI development were 
HCC, initial hemoglobin level, and MELD score.

This study was limited by its retrospective nature, and 
we were unable to regularly collate data on factors related 
to AKI and mortality in all patients. Further, our results 
did not show whether early detection of renal dysfunction 
using the ICA-AKI criteria could result in a better prog-
nosis in patients with cirrhosis and AVB. We only found 
that the 6-week mortality rate in patients with initial AKI 
stage 1a (serum creatinine < 1.5  mg/dL) was higher than 
that in patients without ICA-AKI. In addition, we did not 

prospectively perform volume expansion for pre-renal AKI 
or HRS-specific treatment when patients were diagnosed 
early with AKI stage 1a. Therefore, it was not possible to 
demonstrate whether early treatment of AKI affected sur-
vival. Despite these limitations, this study was conducted 
with similar treatment protocols by physicians from two 
institutions affiliated with the same university, and we had 
sufficient creatinine data for almost all patients. Certainly, 
high-quality prospective studies are needed to validate the 
role of ICA-AKI in prognosis in patients with AVB.

Conclusion
AKI events defined by the ICA criteria are common in 
patients with cirrhosis and AVB, and the occurrence of 
AKI is an important predictor of 6-week mortality. Our 
findings suggest that the ICA-AKI criteria can detect 
renal dysfunction earlier in cirrhotic patients with AVB, 
but the role of early detection of ICA-AKI in prognosis 
warrants further investigations in patients with AVB.
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