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ABSTRACT
Objective: To compare the risk of mortality in patients with cirrhosis with and without the asso-
ciated acute kidney injury (AKI).
Methods: We performed a systematic search in the PubMed, Embase, and Scopus databases for
observational studies that were done on patients with cirrhosis. Eligible studies reported AKI in
patients with cirrhosis and compared mortality among patients with and without AKI. We used a
random-effects model, using STATA version 16.0, for deriving pooled effect sizes that were
reported as odds ratio (OR) with 95% confidence intervals (CIs).
Results: Thirty-two studies were included. In patients with cirrhosis, AKI was significantly associ-
ated with higher in-hospital mortality (OR 5.92), and mortality at 30days (OR 4.78), 90 days (OR
4.34), and at 1 year follow-up (OR 4.82) compared to patients without AKI.
Conclusions: AKI is associated with an increased risk of mortality in patients with cirrhosis.
Careful monitoring to identify the development of AKI and early prompt management
is necessary.
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Introduction

Liver diseases in general and cirrhosis, in particular are
among top 15 causes of death worldwide [1,2].
Cirrhosis is defined as the end stage of progressive
fibrosis that irreversibly affects liver structure and func-
tion, and is associated with several clinical complica-
tions and reduced life expectancy [3]. The commonly
documented causes of cirrhosis include viral hepatitis
(Hepatitis B and C viruses), alcohol, and nonalcoholic
steatohepatitis (NASH) [3]. Cirrhosis accounts for around
2% of mortality and 1.5% of DALYs (disability-adjusted
life years) worldwide [1]. According to the Global
Burden of Disease study, around 1.3 million deaths
among females and 0.9 million deaths among males
were related to cirrhosis in 2017 [4].

Advanced stages of cirrhosis are often accompanied
by the impairment of renal function [5]. Acute kidney
injury (AKI) in patients with cirrhosis may be caused by
different factors. Some of these include decreased renal
perfusion due to gastrointestinal bleeding, use of

diuretics, diarrhea due to the use of lactulose or infec-
tions, and hepatorenal syndrome (HRS) characterized
by renal vasoconstriction [5–7]. The pathophysiology of
the AKI-HRS is related to disturbances in arterial circula-
tion secondary to portal hypertension. The ensuing
splanchnic pooling of blood reduces the effective circu-
lating blood volume and, consequently, renal perfusion
[8]. The diagnosis of AKI in patients with cirrhosis is
challenging as there is fluid overload and high bilirubin
levels that tend to interfere with creatinine assays [9].

There have been many studies documenting the
incidence of AKI in patients with cirrhosis. The most
recent systematic review that included 30 studies
(n¼ 18,474 subjects) reported that 29% of patients with
cirrhosis also had AKI [10]. However, this review had a
substantial degree of heterogeneity, probably due to
the differences in the diagnostic criteria that were used
to define and stage AKI, such as Acute Kidney Injury
Network (AKIN) guidelines, International Club of Ascites
(ICA) 2015 criteria, Kidney Disease Improving Global
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Outcomes (KDIGO) criteria, Acute Dialysis Quality
Initiative (ADQI) group guidelines and RIFLE (Risk,
Injury, Failure, Loss of Kidney Function, and End-stage
kidney disease) guidelines [10–15]. The current meta-
analysis aimed to pool findings from published studies
that documented the association between AKI and
mortality in patients with cirrhosis.

Materials and methods

Search strategy

We used PubMed, Scopus, and Embase databases to
systematically search for English language papers that
were published until 1 April 2022. Medical subject
heading (MeSH) terminology along with free text words
was used. The search strategy is summarized in the sup-
plementary document (Box 1). Only studies that were
conducted in patients with a reliable diagnosis of cir-
rhosis and that compared risk of mortality among
patients with and without AKI were considered for
inclusion. The diagnosis of cirrhosis in the included
studies was done using clinical, biochemical, radio-
logical or histologic examination, or a combination of
these methods. The outcome of interest was mortality.
We followed the protocol that was registered at the
International Prospective Registry of Systematic
Reviews (PROSPERO; CRD42022324911), in adherence
to the standard PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) guidelines [16].

Selection criteria and methods

After searching the databases and duplicate removal,
studies were independently reviewed by two experts
who screened titles and abstracts. Full texts of the rele-
vant studies were carefully read, and disagreements
were resolved by discussion. Bibliography sections of
the selected studies were further searched for add-
itional suitable studies.

Inclusion criteria
Studies that were observational in design and done in
patients with cirrhosis; studies that reliably document
the presence of AKI in patients with cirrhosis and com-
pare risk of mortality in patients who developed AKI
and those who did not.

Exclusion criteria
We excluded review articles and case reports. Studies
that reported liver diseases other than diagnosed cir-
rhosis, and studies that compared risk of mortality

without taking into account AKI diagnosis in patients
with cirrhosis were excluded.

Data extraction and quality assessment

A pretested data extraction sheet was used. Data
extraction was done by two study authors independ-
ently and included study identifier i.e. name of the first
author and year of publication; design of the study and
place (country) of the conduct of the study; the import-
ant participant characteristics; definition of AKI and cir-
rhosis used; sample size in each of the two groups and
relevant findings. The quality of the included studies
was assessed using the Newcastle-Ottawa Quality
Assessment Scale for observational studies [17].

Statistical analysis

For this meta-analysis, STATA software, version 16.0 was
used. Mortality-related outcome was reported as
pooled odds ratio (OR) along with 95% confidence
intervals (CIs). I2 was used as a measure to denote het-
erogeneity. The random effects model was used where
I2 was more than 40% [18]. p< 0.05 was considered
statistically significant. Publication bias was assessed by
Egger’s test [19]. We conducted subgroup analysis
based on the different diagnostic criteria of AKI
adopted in the included studies, study design (i.e. pro-
spective or retrospective) and stages of AKI. In instances
of high heterogeneity, meta-regression was conducted
to identify possible sources of heterogeneity.

Results

Selection of articles, study characteristics, and
quality of included studies

The systematic literature search identified a total of
1930 studies. Of them, 483 studies were removed as
duplicates. Additional 1293 studies were excluded after
the title and abstract screening. The full texts of the
remaining 154 studies were reviewed and of them, 122
were excluded (Figure 1). Details of the 32 studies that
were included in the final analysis [20–51] are summar-
ized in Table 1. We did the assessment of inter-rater
reliability after the first 400 records were screened and
found it at 74.1%. The observed inter-rater reliability
was mainly due to a lack of clarity and appropriate
understanding of the inclusion and exclusion criteria
among the two authors (YN and XZ). Therefore, a
detailed discussion with the two authors involved in
the screening and selection of studies was scheduled
and led by the senior experienced author (XW). A
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clearly written inclusion and exclusion criteria were pro-
vided to both authors, and an overall inter-rater reliabil-
ity of 94.7% was achieved.

All the included studies were observational. Of them,
17 studies were prospective and 15 studies were retro-
spective. Five studies were done in the USA, four in
Brazil, three in India, and three in Taiwan. Two studies
each were done in South Korea, China, the United
Kingdom, Canada, Spain, and France. There was one
study each from Switzerland, Turkey, Argentina, Austria,
and Italy. There were differences in the studies in terms
of AKI definition. Some of the commonly used diagnos-
tic criteria were Acute Kidney Injury Network (AKIN)
guidelines, International Club of Ascites (ICA) 2015 crite-
ria, kidney disease improving global outcomes (KDIGO)
criteria, Acute Dialysis Quality Initiative (ADQI) group
guidelines, and RIFLE (Risk, Injury, Failure, Loss of
Kidney Function, and End-stage kidney disease) guide-
lines (Table 1). The included studies mostly defined
“cirrhosis” based on a combination of clinical

examination, medical history, histology, biochemical,
and imaging (ultrasound or endoscopy) examination
(Table 1). In the included studies, a small sub-group of
subjects with AKI had type 1 or type 2 hepatorenal syn-
drome (HRS). The proportion of patients with HRS in
the included studies varied from 5% to 35%. As sum-
marized in Supplementary Tables 1–3, all the included
studies were of high to modest quality.

AKI and risk of mortality

AKI was associated with significantly higher in-hospital
mortality (OR 5.92, 95% CI: 4.10, 8.57; N¼ 14; I2 ¼
87.7%), mortality at 30 days (OR 4.78, 95% CI: 3.15, 7.26;
N¼ 13; I2 ¼ 91.4%), mortality at 90 days (OR 4.34, 95%
CI: 3.16, 5.97; N¼ 13; I2 ¼ 76%) and mortality at 1 year
follow-up (OR 4.82, 95% CI: 2.52, 9.22; N¼ 5; I2 ¼ 86%)
(Figure 2), compared with patients without AKI. Visual
inspection on funnel plots and Egger’s test showed no

Figure 1. Selection process of the studies included in the review.
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publication bias for the risk of mortality at different
time points (p> 0.05) (Supplementary Figures 1–4).

Findings of the subgroup analysis

For the risk of in-hospital mortality, subgroup analysis
based on the different diagnostic criteria of AKI adopted
by the studies showed increased risk in patients with
AKI, compared to patients without AKI (Supplementary
Figure 5). The 95% confidence intervals were wide due
to the fewer number of studies. An increased risk of 30-
day mortality (ICA: OR 5.4, 95% CI: 2.6, 11.1; N¼ 6; I2 ¼
84.3%; KDIGO: OR 4.0, 95% CI: 1.2, 13.7; N¼ 3; I2 ¼

97.9%; AKIN: OR 5.0, 95% CI: 3.3, 7.5; N¼ 2; I2 ¼ 0.0%)
and 90-day mortality (ICA: OR 4.7, 95% CI: 2.9, 7.6; N¼ 5;
I2 ¼ 37.9%; KDIGO: OR 4.4, 95% CI: 2.4, 7.8; N¼ 4; I2 ¼
87.9%; AKIN: OR 3.8, 95% CI: 2.8, 5.2; N¼ 4; I2 ¼ 3.9%)
was noted across all the adopted diagnostic criteria of
AKI (Supplementary Figures 6 and 7). For mortality at
1 year follow-up, an increased risk was noted for all diag-
nostic criteria of AKI but the effect sizes were wide due
to very few studies (Supplementary Figure 8). On sub-
group analysis based on the stages of AKI (i.e. stages
1–3), we found that the risk of mortality in each of the
stages was higher, compared to no AKI, at all-time
points i.e. in-hospital, 30-days, 90-days and at 1 year

Figure 2. Association of acute kidney injury (AKI) with mortality within 1 year follow-up.
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Figure 3. Subgroup analysis for association of acute kidney injury (AKI) with in-hospital mortality based on design of
included studies.

Figure 4. Subgroup analysis for association of acute kidney injury (AKI) with 30-day mortality based on design of
included studies.
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follow-up and at each of these time-points, the magni-
tude of risk increased with the increasing stage of AKI
(Supplementary Figures 9–12).

An increased risk of in-hospital mortality
(Prospective: OR 7.6, 95% CI: 5.4, 10.6; N¼ 8; I2 ¼ 4.0%;
Retrospective: OR 4.4, 95% CI: 2.6, 7.4; N¼ 6; I2 ¼
93.8%), 30-day mortality (Prospective: OR 4.7, 95% CI:
2.5, 9.1; N¼ 6; I2 ¼ 89.9%; Retrospective: OR 4.9, 95% CI:
3.0, 7.9; N¼ 7; I2 ¼ 86.6%) and 90-day mortality
(Prospective: OR 4.4, 95% CI: 3.6, 5.3; N¼ 8; I2 ¼ 0.0%;
Retrospective: OR 4.0, 95% CI: 2.0, 8.2; N¼ 5; I2 ¼
84.8%) for patients with AKI was noted for both pro-
spective and retrospective studies (Figures 3–5).
Pooling of prospective studies showed an increased risk
of mortality at 1 year follow-up (OR 4.6, 95% CI: 3.5, 6.2;
N¼ 3; I2 ¼ 0.0%). However, no increase was detected
by pooling the retrospective studies (OR 5.9, 95% CI:
0.8, 42.4; N¼ 2; I2 ¼ 95.0%) (Figure 6). A wide confi-
dence intervals were noted, due to small number of
studies. We noted low heterogeneity for prospective
studies and a high heterogeneity for studies that used
retrospective data. We next conducted a meta-regres-
sion using variables such as study design, geographical
setting, sample size, and diagnostic criteria used for AKI
and found that did not contribute to high heterogen-
eity (Supplementary Table 4).

Discussion

The present review was conducted to document pooled
evidence on the association of AKI with mortality in
patients with cirrhosis. The key findings of our study
were that the presence of AKI was associated with
higher in-hospital mortality and mortality at 1 year fol-
low-up, and that increasing risk of mortality correlated
with an increase in the stage of AKI, in agreement with
previous reviews [52,53]. Tariq et al. showed an
increased risk of in-hospital mortality (OR 6.72) as well
as mortality at 30 days (OR 3.37), 90 days (OR 4.43), and
12months (OR 5.37) of follow-up among patients with
cirrhosis and associated AKI [10]. A recent meta-analysis
by Jiang et al. involving 8 studies (n¼ 3610 partici-
pants), investigated the impact of AKI on the outcome
of acute-on-chronic liver failure [52]. The review found
that the presence of AKI was associated with an
increased risk of 1month (OR 3.98) and 3month mortal-
ity (OR 4.98). The review also found that the risk of mor-
tality at 3months follow-up increased with the
increasing stage of AKI. Another review by Bai et al.
aimed to understand the association between renal
dysfunction or AKI and mortality among patients with
cirrhosis and associated acute gastrointestinal bleeding
[53]. A total of 17 studies were included. The pooled

Figure 5. Subgroup analysis for association of acute kidney injury (AKI) with 90-day mortality based on design of
included studies.
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mortality was 47% in patients with AKI. The presence of
renal dysfunction was also significantly associated with
the increased risk of mortality (OR 4.92). The current
meta-analysis acknowledged the previous reviews but
aimed to use the most contemporary data to provide
updated evidence on the effect of AKI on survival
among cirrhotic patients. It also presented the risk of
mortality based on different stages of AKI. Our results
confirm findings, reported by previous reviews, thus
further strengthening the evidence base that can be
used in clinical practice.

Recent studies indicate that AKI in patients with cir-
rhosis is mostly caused by prerenal failure (32%), and
acute tubular necrosis (35%) [54]. Patients with cirrhosis
usually have consequent portal hypertension that
results in splanchnic pooling of blood and leads to a
decrease in the blood volume that is effectively circulat-
ing [8]. This presumably results in decreased perfusion
to the kidneys and possibly sets the stage for the devel-
opment of AKI. The onset of AKI can also be triggered
by several other factors, such as blood volume loss,
increased water loss due to the use of diuretics,

nephrotoxic drugs, and acute stressors such as infec-
tions or sepsis [6,7,55,56]. Renal disease is associated
with impaired immune function, characterized by
abnormalities in the function of monocytes, neutro-
phils, and the associated leukopenia [57,58]. Evidence
also indicates that AKI is associated with spontaneous
bacterial peritonitis. It is possible that peritonitis
which results from an intra-abdominal infection,
leads to the translocation of bacteria outside of the
gut into the blood circulation, and causes an intense
inflammatory response that leads to subsequent
renal damage and deterioration of renal function
[59]. The findings of our review further support cur-
rent clinical practice where an assessment and early
detection of renal dysfunction in patients with cir-
rhosis is considered an important objective for thera-
peutic decision-making and for establishing
prognosis. An interesting point to note is that the
initial findings from some recent studies indicate
that the use of terlipressin in patients with cirrhosis
and acute upper gastrointestinal bleeding tends to
improve renal function and prevent the occurrence

Figure 6. Subgroup analysis for association of acute kidney injury (AKI) with mortality at 1 year follow-up based on design of
included studies.
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of AKI [60]. Terlipressin, a vasopressin type 1 recep-
tor agonist, is a commonly used drug in the treat-
ment of acute variceal bleeding and hepatorenal
syndrome that leads to decrease in serum creatinine,
increase in glomerular filtration rate and natriuresis
[61]. Further studies are still required to provide con-
clusive evidence on the effect of this drug in cir-
rhotic patients with ascites or acute upper
gastrointestinal bleeding in the improvement of renal
function and/or prevention of AKI. In all included
studies, irrespective of the diagnostic criteria of AKI,
serum creatinine was used for the diagnosis of AKI.
Recent studies have suggested that cystatin C may
be superior for predicting in-hospital mortality of cir-
rhotic patients with acute gastrointestinal bleeding
[62]. Future studies should further explore the useful-
ness of the cystatin C-based prediction model.

There are some limitations of our meta-analysis. For
most of the outcomes, there was a high degree of het-
erogeneity that could probably be due to methodo-
logical differences in the included studies. We did
conduct a meta-regression to understand the factors
leading to high heterogeneity such as study design,
diagnostic criteria used for AKI, sample size, and geo-
graphic setting but found that the contribution of these
factors to heterogeneity was not significant. The
included studies were observational in design which
made it impossible to adjust for important confounders
and increased the possibility of selective reporting bias.
Another important limitation is that among the sample
of subjects included in the studies, roughly 5–35% had
type 1 or 2HRS. HRS is a potentially serious and life-
threatening condition and the inclusion of subjects
with HRS may have increased the observed risk
of mortality.

Conclusion

Our study concludes that the occurrence of AKI in
patients with cirrhosis is associated with an increased
risk of mortality. The findings call for close monitoring
of patients with cirrhosis for any signs of AKI and subse-
quent careful management. This is particularly import-
ant as the study found an increased risk of mortality
with the increase in stage of AKI. More prospective
studies are required to provide detailed information on
the clinical and prognostic outcomes of such patients.
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