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Abstract

Acute-on-chronic liver failure (ACLF) is a syndrome that is characterized by the rapid development of organ failures
predisposing these patients to a high risk of short-term early death. The main causes of organ failure in these patients are
bacterial infections and systemic inflammation, both of which can be severe. For the majority of these patients, a prompt liver
transplant is still the only effective course of treatment. Kidneys are one of the most frequent extrahepatic organs that are
affected in patients with ACLF, since acute kidney injury (AKI) is reported in 22.8-34% of patients with ACLF. Approach
and management of kidney injury could improve overall outcomes in these patients. Importantly, patients with ACLF more
frequently have stage 3 AKI with a low rate of response to the current treatment modalities. The objective of the present
position paper is to critically review and analyze the published data on AKI in ACLF, evolve a consensus, and provide
recommendations for early diagnosis, pathophysiology, prevention, and management of AKI in patients with ACLF. In the
absence of direct evidence, we propose expert opinions for guidance in managing AKI in this very challenging group of
patients and focus on areas of future research. This consensus will be of major importance to all hepatologists, liver transplant
surgeons, and intensivists across the globe.
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SIRS Systemic inflammatory response syndrome
PAMPS Pathogen-associated molecular patterns
DAMPS Damage-associated molecular patterns
UDCA Ursodeoxycholic acid

LT Liver tansplantation

MCP-1 Monocyte-chemoattractant protein-1

eGFR Estimated glomerular filtration rate

A-HGFR ACLF high GFR

A-LGFR ACLF low GFR

MELD Model for end stage liver disease

NGAL Neutrophil gelatinase-associated lipocalin

IL-18 Interleukin 18

PRA Plasma renin activity

CysC Cystatin C

KIM-1 Kidney injury molecule

L-FABP Liver fatty acid-binding protein

TIMP2 Tissue inhibitor of metalloproteinases 2

IGFBP7 Insulin-like growth factor-binding protein 7

TFF-3 Trefoil-factor-3

GST Glutathione-S-transferase

NAC N-Acetyl cysteine

RCT Randomised control trial

SBP Spontaneous bacterial peritonitis

G-CSF Granulocyte colony-stimulating factor

CD 34 Cluster differentiation

SDF Stromal-derived factor

CXCR4 C-X-C chemokine receptor 4

G CSF Granulocyte colony-stimulating factor

NSBB Non-selective beta blocker

HVPG Hepatic venous pressure gradient

PIRO Predisposition, insult, response, organ
dysfunction

IAP Intra-abdominal pressure

RRT Renal replacement therapy

VTI Inhaled tidal volume

IvC Inferior vena cava

ARDS Acute respiratory distress syndrome

MAP Mean arterial pressure

SOFA Sequential organ failure assessment

CRRT Continuous renal replacement therapy

SLED Sustained low-efficiency dialysis

RCA Regional citrate anticoagulation

MDRO Multidrug-resistant organisms

SLKT Simultaneous liver kidney transplant

AD Acute decompensation

Introduction

Acute-on-chronic liver failure (ACLF) is a syndrome which
is characterized by the rapid development of organ failures,
predisposing these patients to a high risk of short-term early
death (33-50%) [1-6]. There are different definitions for
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ACLF across the world, but the two most widely accepted
and validated are the one proposed by the Asian Pacific
Association for the Study of Liver (APASL) and the sec-
ond by the European Association for the Study of Liver
(EASL) Chronic Liver Failure (EASL-CLIF) consortium
[3, 6]. The Chinese have also proposed a definition, wherein
ACLF could be defined as an increase in serum bilirubin
above 12 mg/dl and INR above 1.5 in patients with hepa-
titis B infection. This was shown in a multicentric study
conducted across 13 liver centers in China [5]. The pres-
ence and severity of systemic inflammation and bacterial
infections are the major drivers of organ failure in these
patients. Alcohol-related hepatitis, hepatotropic viruses,
over-the-counter hepatotoxic drugs, and complementary and
alternative medicines have been recognized as the main pre-
cipitants of ACLF [1-9]. The data from CANONIC suggest
organ support and intensive care unit stay are required for
most patients during the natural course of the disease [5]. A
timely liver transplant remains the only definitive treatment
option for most of these patients [1-5]. The kidneys are one
of the most frequent extrahepatic organs that are affected
in patients with ACLF, since acute kidney injury (AKI) is
reported in 22.8-34% of patients with ACLF. They are also
considered an organ of immense utility, and therefore the
approach and management of AKI could improve the overall
outcomes in these patients [10—12]. Interestingly, patients
with ACLF more frequently have stage 3 AKI which in the
majority responds poorly to the current modalities [13].

The objective of the present position paper is to provide
recommendations for understanding the early diagnosis,
pathophysiology, prevention, and management of AKI in
patients with ACLF. The document will also address the
future development of research in the field. Based on an in-
depth review of the relevant literature and active interaction
and debates with various experts, we provide a comprehen-
sive document incorporating the consensus statements and
the proposed recommendations.

Methods

The involved panelists (experts) met at New Delhi on 5th
March 2023 to develop the consensus. Several groups were
formed and waere led by a group leader. The recommenda-
tions are graded according to the Oxford Centre for Evi-
dence-Based Medicine system and categorized as ‘weak’
or ‘strong’ based on the consensus agreement between the
various experts. When the agreement was more than 80%,
it was graded as strong, or else was considered as weak.
(Table 1) The final recommendations were based on the
results of three rounds of Delphi survey. We endeavor to
provide the best available evidence and expert opinion which
could enable appropriate clinical decision-making for the
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Table 1 Level of evidence and

. Level of evidence
recommendation

Level 1

Level 2

Level 3

Level 4

Level 5
Recommendations

Strong

Weak

Meta-analysis of randomized controlled trial (RCT) or
high-quality RCTs

Lesser quality RCTs or prospective comparative studies

Case—control studies or retrospective studies

Case series without the use of comparison or control group

Case reports or expert opinion

Consensus of > 80%
Consensus of < 80%

physicians involved in the management of patients with
ACLF with AKI. The manuscript prepared was circulated
to everyone for approval prior to submission.

Section I: Incidence, definition, spectrum,
course, and pathophysiological basis of AKI
in ACLF

Acute kidney injury due to liver diseases is associated with
significant mortality and a significant healthcare burden
in patients with decompensated cirrhosis and ACLF. AKI
has been defined either by a rise of more than 0.3 mg/dl
(=26.5 pmol/l) serum creatinine within 48 h or around a
50% rise in sCr from the baseline within the last 7 days
[14]. For defining AKI, particularly in patients with cir-
rhosis, the International Club of Ascites (ICA) has incorpo-
rated the definition proposed by the kidney disease improv-
ing global outcome (KDIGO) [14]. Changes in urine output
precede changes in sCr, especially in critically ill patients
with cirrhosis. In a retrospective large study by Amathieu
et al., incorporation of urine output was shown to increase
the sensitivity of AKI diagnosis [15]. Therefore, monitor-
ing urine output facilitates the identification of AKI at an
early stage and provides an appropriate window to opti-
mally manage it and prevent its progression. In the setting,
critically ill patients showed notably higher mortality if
identified based on urine output alone without considering
sCr. As per the ICA 2015 consensus, HRS was categorized
into HRS-1 and HRS-2 with absolute SCr of > 1.5 mg/
dl. Recently, these have been modified to HRS-AKI and
HRS-NAKI (non-AKI), respectively, when the patient
meets the criterion for AKI irrespective of the absolute
SCr value [14] (Fig. 1, Table 2). The main aim of this
change is to allow early recognition and treatment of HRS.
Commonly, hepatologists and nephrologists manage AKI
in three types of medical contexts. These include acute
liver failure (ALF), ACLF, and patients with decompen-
sated cirrhosis (DC) [3-5]. One out of five hospitalized
patients with cirrhosis develops AKI with a mortality rate
of more than 50% [14]. The prevalence of AKI in ACLF is

AKIl initial assessment, monitoring and outcomes

Monitor serum
creatinine every 24
hours

Urine output every 6-12 Recovery
hours

HRS-NAKI
Hourly

AP monitorin, : :
Stratify spectrum Acute kidney disease

*?Biomarkers
urine
NGAL

Chronic kidney
disease

Fig.1 The graph depicts the stages of acute kidney injury (AKI) in
patients with acute on chronic liver failure (ACLF). The patients need
to be monitored with daily serum creatinine with or without urine
output and followed for recovery which could be partial or complete
or may progress to acute or chronic kidney disease

much higher 22.8%-51% compared to patients with acute
decompensation of cirrhosis [11]. AKI associated with
ACLF is known to have a higher frequency, more rapid
progression, a different spectrum, and higher mortality.
In a prospective study performed in patients with ACLF,
patients had more structural AKI (32% vs. 18%) and more
progression (32% vs. 16%) and requirement of RRT (26%
vs. 19%) compared to patients with acute decompensation
of cirrhosis. These patients had higher prevalence of tubule
epithelial cells and fine and coarse granular casts on micro-
scopic urine analysis. Apart from this, significantly higher
markers of systemic inflammation, i.e., leucocyte counts,
serum ferritin and higher serum bilirubin, and prevalence
of multiorgan failure, were observed in these patients at
baseline compared to patients with acute decompensation
of cirrhosis. In another study performed in ACLF patients,
a higher progression was observed from 13 to 33% of AKI
stage 3 which resolved in only one in five patients with
vasoconstrictors. Patients with deep jaundice, serum bili-
rubin more than 23 mg/dl, high MELD more than 35, and
AARC grade 3 required dialysis suggesting rapid progres-
sion of AKI in patients with ACLF. On histopathology,
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CN was identified in almost two-thirds of patients who
died of stage 3 AKI [13]. Further, data from critically ill
patients suggests a poor agreement between urine output
and sCr. Almost a third of patients are diagnosed with AKI
using the urine output criteria with normal sCr. Patients
with oliguria lasting more than 12 h (KDIGO stage 2 or 3)
have higher ICU mortality [16]. There are no studies spe-
cifically evaluating the significance of oliguria in patients
with ACLF. Going back to the study by Amathieu et al.,
using the sCr criteria, 61% of those patients with stage
2-3 AKI based on urine output were actually misclassi-
fied as either no AKI or AKI stage 1. Oliguria was identi-
fied as an independent predictor of worse outcomes [15].
In another prospective study in critically ill patients with
cirrhosis, the urine output preceded changes in sCr. It was
also identified as an independent predictor of a worsening
AKI course and mortality [17]. Further, urine output is a
very important factor in more severe grades of AKI and
determines the decision of dialysis initiation. Improvement
in urine output is an important sign considered for dialysis
discontinuation in the critically ill [18]. Therefore, urine
output could be more reliable in staging AKI in patients
of ACLF. The challenges in monitoring urine output is the
requirement of catheterization, which cannot be routinely
recommended. Considering low urine output as a sinister
sign determining diagnosis and prognosis in these patients
and in general critically ill, a revised AKI staging incor-
porating urine output is suggested for patients with ACLF.
The staging would also help determine recovery in patients
on dialysis. We propose a revised staging of AKI incorpo-
rating urine output in ACLF patients. We also recommend
future studies investigating urine output for diagnosis and
staging of AKI in patients with ACLF.

Incidence and definition of AKI

The incidence of AKI in patients with ACLF is higher
compared to those with decompensated cirrhosis. [LoE4,
strong recommendation, consensus 100%]

AKI in patients with ACLF is defined as either a decline
in urine output to less than 0.5 ml/kg in 6 h or a rise of
more than 0.3 mg/dl (>26.5 umol/l) of sCr within 48 h or
a 50% rise in sCr from the baseline within the last 7 days.
Urine output criteria should be incorporated in the
staging of AKI in patients with ACLF. [LoE4, strong
recommendation, consensus 100%]

Patients with ACLF have a distinct spectrum with a pre-
dominance of structural AKI compared to patients with
decompensated cirrhosis. [LLoE4, strong recommenda-
tion, consensus 97%]

Defining progression and recovery of AKIl in patients
with ACLF

Patients with ACLF have more often a rapid progression of
AKI and a lower response to vasoconstrictors compared to
patients with decompensated cirrhosis [11]. These patients
have a higher prevalence of structural AKI and active
sediment on urine microscopy suggesting tubular injury.
In critically ill patients with cirrhosis, non-resolution of
AKI at day 7 was associated with worse outcomes and
higher progression to chronic kidney disease (CKD) [19].
The proximal tubules are the prime victim of injury in
inflammation-related AKI. In a prospective study, a higher
prevalence of tubule epithelial cells and granular casts (fine
and coarse) was observed in patients with ACLF compared
to decompensated cirrhosis. The tubule epithelial cells
drive tubulointerstitial inflammation and maladaptive
repair, leading to renal fibrosis secondary to failure of
mitochondrial repair [19]. Patients with non-resolution
also showed predominance of macrophage and monocyte
infiltration on kidney biopsies. However, these findings have
not been studied specifically in patients with ACLF.

Considering the rapidity of AKI development and
progression in patients with ACLF, the assessment for
progression should be by monitoring urine output (6—12
hourly if patient is catheterized) and sCr every 24 h
(Table 2).

What is the pathophysiological basis of AKI in ACLF?

The role of systemic inflammation in driving AKl in ACLF
patients

The pathophysiological basis of AKI in ACLF can differ
when compared to that of AKI in patients with decompen-
sated cirrhosis [11]. A higher degree of systemic inflamma-
tion is probably the key driver of the development of organ
failures in patients with ACLF including AKI [20-24]. Claria
et al. showed a strong association between the severity of
systemic inflammation and the development of ACLF syn-
drome [2]. In a study from AARC, the presence of systemic
inflammatory response syndrome (SIRS) was observed in
two-thirds of patients with ACLF, and new onset SIRS devel-
oped in another one-third of patients by day 7 [20]. In this
investigation, the development of SIRS was closely related
to the severity of hyperbilirubinemia and the development of
renal failure by day 4 which in turn predicted higher 90-day
mortality [20]. Patients with ACLF have pre-existing cir-
rhosis with a structural and functional component of por-
tal hypertension. The former is related to increase in the
intrahepatic resistance secondary to architectural distortion
due to fibrosis and regenerative nodules, while the latter is
related to a vasoactive-induced increase of portal inflow and
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intra-hepatic vasoconstriction. The increase of the degree of
systemic inflammation drives the enhancement of the func-
tional component of portal hypertension which becomes the
predominant component observed in these patients [21].
The increase in the inflammatory cytokines drives increased
release of nitric oxide and reactive oxygen species with con-
sequent vasodilatation in the splanchnic and intrahepatic vas-
cular bed and dysregulation of the vasoactive mechanisms
on one side and mitochondrial dysfunction and/or damage
on the other side. These mechanisms lead to development
of all complications including ascites and AKI. There are
limited studies on the pathomechanisms of AKI in ACLF.
In a multicentric study from AARC, the severity of jaun-
dice, systemic inflammation, and circulatory failure predicted
AKI development. Further, patients who developed AKI had
higher urea, sCr, potassium, and use of nephrotoxic drugs
at enrollment [12]. Gut dysbiosis with bacterial transloca-
tion and increased release of pathogen-associated molecular
patterns (PAMPs) and of damage-associated molecular pat-
terns (DAMPs) from dying and necrotic hepatocytes cause
organ failures. These DAMPs and PAMPs cause activation
of the innate and the adaptive immune system. This results
in exaggerated systemic inflammation, which further causes
organ dysfunction by causing immunopathology and mito-
chondrial dysfunction [22]. Moreau and colleagues identified
a 38-metabolite signature which was related to mitochondrial
dysfunction and the severity of ACLF [23]. In another study,
Zaccherini et al. evaluated the role of blood amino acids in
driving organ failures in patients with ACLF [24]. The amino
acids in ACLF fuelled an increase in the protein and nucleo-
tide synthesis, while an enhanced catabolism of ketogenic
amino acids was observed in the peripheral organs. They also
found a defect in the autophagy secondary to a decrease in
the spermidine levels. Systemic inflammation causes activa-
tion of the tryptophan degradation through the kynurenine
pathway, which produces metabolites causing both multior-
gan dysfunction and an immunosuppressive phenotype [25].
In another study by Claria et al., the products of kynurenine
pathway were higher in ACLF compared to acute decompen-
sation of cirrhosis. This further increased with the severity of
systemic inflammation and ACLF severity and were signifi-
cantly higher in patients with renal failure [25]. All together,
these studies suggest systemic inflammation and circulatory
dysfunction in ACLF patients with AKI.

The role of bile acids, oxidative stress and renal ischemia

Bile cast nephropathy is further an underrecognized cause
of renal dysfunction in ACLF patients. The data on CN is
very sparse and only comprises case reports or case series
and animal data. This is primarily because kidney biopsy
is required for the diagnosis of CN [26-30]. Patients with
ACLF are usually very sick and coagulopathic, wherein a
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kidney biopsy cannot be performed routinely. Fickert and
colleagues in an animal model of bile duct ligation elegantly
demonstrated a rapidly progressive renal injury mediated by
bile acids, which led to tubulointerstitial fibrosis and was
abrogated by nor-ursodeoxycholic acid (UDCA) treatment
[27]. In a series of 149 patients wherein a kidney biopsy
was performed, 17.8% of the patients had evidence of CN.
The authors identified serum bilirubin, alkaline phosphatase,
urinary bilirubin, and urobilinogen as predictors of CN [31].
C-reactive protein, which is a marker of systemic inflamma-
tion, was noted to be higher in patients with CN. In a study
performed on post-mortem kidney biopsies, patients with
ACLF more frequently had evidence of CN compared to
decompensated cirrhosis and it was significantly associated
with higher serum bilirubin levels [31]. In another study
performed in patients with ACLF, more than two-thirds of
patients with ACLF who died with stage 3 AKI had CN. A
combination of CN and ATN was observed in a small pro-
portion of patients and only one-third had ATN. The asso-
ciation of CN with bile acids was not evaluated in this study
[32]. In the normal physiological state, the bile acids are
filtered at the glomerulus, which are absorbed by the apical
sodium-dependent transporter and organ solute transporter
o/p in the distal part of the loop of Henle [26]. However, in
patients with cholestasis, the excess serum bile acids result
in compensatory overactivation and saturation of the kid-
ney’s ability to excrete the bile acids resulting in CN. In a
transgenic animal model of cholemia, the pro-oxidant effects
of hydrophobic bile acids on non-hepatic organs, i.e., kid-
neys, brain, and heart, were also demonstrated [29]. The role
of bile acids in causing AKI and dysfunction of other extra-
hepatic organs needs to be evaluated in patients with ACLF
(Fig. 2). The circulatory failure in ACLF patients can be
due to hypovolemia, cardiac dysfunction or associated with
severe vasodilatory state. There are no studies specifically
evaluating the impact of circulatory failure on renal micro-
circulation in ACLF patients. With renal ischemia, there is
an impaired delivery of oxygen and blood supply, particu-
larly to the outer medulla. There is an imbalance between the
demand and supply which affects the kidneys either focally
or diffusely. This causes tubular epithelial cell and endothe-
lial injury, causing apoptosis, and when severe results in
acute tubular necrosis [33]. The impact of circulatory failure
in causing both the development and persistence of AKI
has been shown in different studies [12, 17, 34]. In the con-
text of sepsis, specific phenotypes have been recognized.
Complex pathogenetic mechanisms such as complement
activation, inflammation, impairment of microcirculation,
defective autophagy, and metabolic reprogramming have
been implicated in the development of sepsis-associated
AKI. How septic shock drives AKI in ACLF including the
lactate kinetics in the context of sepsis-induced circulatory
failure is worth being investigated.
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Fig.2 Patients with acute on chronic liver failure have gut dysbiosis
and leaky gut causing endotoxemia, release of pathogen-associated
molecular patterns (PAMPs), such as lipopolysaccharide, and of dam-
age-associated molecular patterns (DAMPs) from dying and injured
hepatocytes which causes immune dysregulation. Superimposed on
the background susceptibility, patients develop several insults to the
kidneys, which can predispose to the development of acute kidney
injury that is the most frequent extrahepatic organ involved in these
patients. The risk of AKI can be stratified by the PIRO model (pre-
disposition, injury, response, and organ failure). Several other factors,
such as metabolic reprogramming, toxicity due to bile acids, severity
of systemic inflammation, mitochondrial dysfunction, and micro or
microcirculatory dysfunction, determine the phenotype and severity
of AKI. A complex interplay between background susceptibility, pre-

Gut dysbiosis and AKI

The liver and gastrointestinal tract communicate through
the bile duct and portal vein. Gut dysbiosis is the change in
the structure or composition of gut microbes which define
a specific phenotype. Gut dysbiosis, especially the bacte-
rial translocation across the gut epithelial barrier, may not
only cause progression of the disease but also drive kidney
injury. Various studies have shown a production of exces-
sive uremic toxins (indoxyl sulfate, p-cresyl sulfate, and
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cipitating insults, and host response determine outcomes. Patients can
be risk stratified by AKI stages using the serum creatinine or urine
output and the role of biomarkers in each stage may determine the
type and course of AKI. The role of biomarkers even though excit-
ing cannot be routinely recommended in ACLF patients with AKI.
The final outcomes could involve repair and recovery to normal glo-
merular filtration rate, which is more likely in lower stages of AKI
and biomarker-negative cases, while the risk of progression to acute
or chronic kidney disease is more likely in patients with more severe
AKI and biomarker-positive patients and those with structural kidney
damage. Patients with maladaptive repair have persistent inflamma-
tion in the tubulointerstitial compartment, failed repair, and had pro-
gression to renal fibrosis

trimethylamine-N-oxide) due to gut dysbiosis [35]. In a
study comparing 98 patients with liver cirrhosis, compared
to 83 healthy controls, 36.1% of novel genes were identified.
These genes could then be categorized into 66 clusters, of
which 28 were enriched in patients, most of which were of
buccal origin [36]. In animal models of ischemia/reperfu-
sion injury, an increase of Enterobacteriaceae, decrease of
lactobacilli, and Ruminococcaceae were observed which
were associated with higher intestinal inflammation, dis-
ruption of the gut epithelial barrier causing leaky gut, and
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decreased levels of short-chain fatty acids [37]. The role of
the gut-liver—kidney axis remains to be explored in patients
with ACLF.

Statements

The presence of endotoxemia, severity of systemic
inflammation, high serum levels of bilirubin, and
circulatory dysfunction are key determinants in the
pathophysiological basis of AKI in patients with ACLF.
[LoE4, strong recommendation, consensus 100%]
The plausible effects of bile acids, oxidative stress, and
renal ischemia contribute to the pathophysiology of AKI
in patients with ACLF. [LoES, strong recommendation,
consensus 100%]

Does AKI transition to CKD in patients with ACLF?

Traditionally, kidney diseases are categorized into acute
and chronic at a 3-month cutoff. The mortality risk in
AKI is associated with severity of liver disease (higher
grade of ACLF) and more severe renal dysfunction (higher
stage of AKI) [13]. AKI can evolve to acute kidney disease
(AKD) or to CKD if the renal injury persists for more
than 7 or 90 days, respectively. The outcomes of AKD
include resolution, recurrence, progression to CKD, or
death [38]. In a large study of 6250 patients with cirrhosis,
Patidar and colleagues showed that almost one in three
hospitalized patients with cirrhosis and AKI developed
AKD, which was associated with higher mortality and
risk of de-novo CKD [39]. In the context of outpatients of
cirrhosis, in a study of 272 patients, Tonon et al. showed
that almost one-third developed AKD, of which 50%
recovered from the first episode and 14% had progression
to CKD [40]. In a prospective study, AKI leads to future
AKI [41] and almost one-third of the patients with AKI
developed CKD. The number, severity, duration of AKI,
and the severity of liver disease are key determinants
of the development of CKD, and kidney biopsy showed
predominance of tubule—interstitial inflammation
[42]. Similarly, Bassegoda et al. demonstrated that
the transition of AKI to CKD was associated with an
increased 3-month hospital readmission rate, bacterial
infections, refractory ascites, and a trend toward a higher
need for liver transplantation (LT) [43]. The risk of CKD
development could be predicted by cystatin C. However,
unfortunately, none of these studies included patients with
ACLF. There are several mechanisms implicated in the
development of CKD. Patients who have defective repair
mechanisms and continued inflammation develop CKD
and associated cardiovascular complications. The repair
is usually considered complete if the renal perfusion and
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glomerular and tubular function returns back to normal.
On the contrary, a maladaptive repair in the tubulointersti-
tial compartment leads to the development of renal fibro-
sis. The key mechanisms leading to a maladaptive repair
include injury to the renal tubule epithelial cells, endothe-
lial injury, infiltration by the monocytes and macrophages,
mitochondrial dysfunction, and defective autophagy [44].
In the context of critically ill patients with inflammation
or infection-driven AKI, the incidence of progression to
CKD was observed in almost 50%. The presence and per-
sistence of renal tubule epithelial cells and/or granular
casts at enrollment and day 7 were independent predic-
tors of CKD development [17, 19]. Patients who failed to
recover at day 7 had significant elevation in the tubular and
endothelial injury markers and higher levels of monocyte-
chemoattractant protein-1 (MCP-1) and defective function
of the mitochondrial genes in the renal tubule epithelial
cells [19]. Persistent AKI or worsening of AKI are more
likely in patients with higher stages of AKI (AKI stage
2 or 3); thus, they are more likely to progress to CKD.
Despite RRT, death rates are high in these patients without
liver transplant. Many patients of ACLF with severe AKI
may not survive 3 months to meet the (arbitrary) 3 months
transition time window from AKI to CKD. A retrospective
study analyzed the impact of ACLF before LT on short-
term kidney function. As per EASL CLIF definition of
ACLF, 356 non-ACLF patients, 32 ACLF patients with
eGFR >30 mL/min/1.73 m? (A-HGFR), and 28 ACLF
patients with eGFR <30 mL/min/1.73 m? (A-LGFR)
were studied. The slopes of eGFR before the 3-month
post-LT increased in the A-LGFR group (+7.26 mL/
min/1.73 m2/m0nth), remained stable in the A-HGFR
group (+ 1.05 mL/min/1.73 m*/month), and declined in
the non-ACLF group (-7.61 mL/min/1.73 m.*/month). The
A-LGFR group had increased risk of developing compos-
ite kidney outcomes (eGFR < 15 mL/min/1.73 m or need
for dialysis) in adjusted analysis, (hazard ratio [HR]=3.61,
95% confidence interval [CI] 1.35-9.70) compared with
the non-ACLF group. However, this significance disap-
peared on further adjusting for eGFR at 3-month post-LT
(HR=1.91, 95% CI 0.70-5.23). The renal dysfunction
in the A-LGFR group stabilized after partial recovery by
3-month post-LT (eGFR reset point) [45].

Statement 1a
There is limited data on the transition of AKI to AKD and

CKD in ACLF patients. [LoE5, strong recommendation,
consensus 100%].
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Statement 1b

ACLF patients with AKI stage 2 or 3 are more likely to
have non-resolution of AKI, development of AKD, and
the transition to CKD and hence require close monitoring.
[LoES, strong recommendation, consensus 100%].

Which are the risk factors of AKl in patients
with ACLF?

The common risk factors of AKI in ACLF can be liver
related or kidney related, and other factors including use of
nephrotoxic drugs.

Drugs and the mechanism of kidney injury

The common antimicrobials implicated in the development
of AKI include aminoglycoside antibiotics, polymyxin
group, vancomycin, amphotericin B, and fluoroquinolones.
The mechanisms include proximal or distal tubulopathy with
electrolyte wasting, acute tubular damage, or crystal deposi-
tion or acute interstitial nephritis. Diuretics may perpetuate
AKI by causing renal hypoperfusion. Also, in the presence
of hypovolemia or decreased GFR, diuretics can precipitate
AKI [46]. The angiotensin-converting enzyme inhibitors
cause systemic vasodilatation and vasodilatation in the renal
vascular bad at the efferent arterioles. The commonly used
drugs and the implicated mechanisms are summarized in
Table 3. Hypovolemia and sodium depletion can cause AKI
with the use of these drugs [47, 48]. Radiographic contrast
agents are implicated in contrast-induced nephropathy. The
mechanisms of contrast-induced nephropathy include renal
medullary hypoxia, oxidative stress, and epigenetic regula-
tion secondary to immune/inflammatory damage and apop-
tosis. Risk stratification and prevention is the key, as the
drugs combating oxidative stress have limited role. There
are no studies assessing the incidence of contrast-induced
nephropathy in patients with ACLF. Guevara and colleagues
studied the impact of cirrhosis on the development of con-
trast-induced nephropathy. In 31 patients of cirrhosis, 20
with ascites and 5 with renal failure, detailed assessment of
renal function with glomerular filtration rate using iothala-
mate [-125 clearance and renal plasma flow using iodohip-
purate I-131 clearance before and 48 h after the administra-
tion of contrast media was performed. The administration
of contrast media was not associated with renal function
impairment even in those with renal failure. However, an
increase in urinary prostaglandin E2 and N-acetyl-beta-
D-glucosaminidase was observed. They further investigated
a prospective cohort of 60 patients with cirrhosis and renal
failure and did not find any patient developing contrast-
induced nephropathy [49]. In a recent large multicentric pro-
spective cohort study which aimed to evaluate the incidence

and predisposing factors of AKI in patients with cirrhosis
undergoing contrast-enhanced computed tomography
(CECT) including 444 inpatients, three cohorts of patients
were analyzed. Cohort 1 included 148 patients with cirrho-
sis which was compared to cohort 3, which included 163
patients without cirrhosis undergoing CECT. This cohort
was compared to a cohort of 133 patients with cirrhosis
(cohort 2) who were unexposed to iodinated contrast media.
A detailed assessment of kidney function parameters was
performed at TO, 48—72 h (T1) and 5 and 7 days after CECT/
enrollment. Urinary neutrophil gelatinase-associated lipoca-
lin (U-NGAL) was measured in 50 consecutive patients from
cohort 1 and 50 from cohort 2. The AKI incidence was not
significantly increased in patients with cirrhosis undergoing
CECT (4.8%, 1.5%, 2.5% in cohorts 1, 2, and 3, respectively,
p=ns) and the presence of concomitant infections was the
only independent predictive factor of CI-AKI (OR 22.18,
95% CI 2.87-171.22, p=0.003). No significant modifica-
tions of NGAL were also detected [50]. Patients with ACLF,
however, are a distinct group and risk of CIN should be
considered as the data is limited.

Liver-related risk factors

The pathophysiologic mechanisms detail the liver-related
risk factors. In a large cohort study including 1032 patients
with ACLF, higher MELD score, presence of ascites, sepsis,
and acute variceal bleed were identified as risk factors of
AKI development [51]. Raised intraabdominal pressures
causing intraabdominal hypertension could also contribute
to AKI development in ACLF patients. AKI in the context of
paracentesis-induced circulatory dysfunction (PICD) is also
more often seen in patients with ACLF. Patients with ACLF
develop PICD even after a modest volume of paracentesis
(i.e., less than 5 1). In a single-center randomized controlled
trial, PICD developed in 70% in patients of ACLF
undergoing modest-volume paracentesis which was reduced
to 30% with the use of intravenous 20% albumin. AKI
developed in 62% vs. 30% in patients who received versus
who did not receive albumin, respectively [52].

Kidney-related risk factors

The presence of background CKD and concomitant use of
nephrotoxic agents are implicated in AKI development,
which can vary from mild injury to severe renal damage
[46]. Apart from these risk factors, the development of AKI
in turn leads to new AKI development and therefore should
be recorded for all patients. The severity, duration, and type
of AKI determine outcomes including the development of
CKD. This is possibly because with each AKI episode, there
is a loss of functional nephrons which can lead to decrease in
the renal reserve [53]. In a large cohort of outpatients with
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Fig.3 The risk factors for acute
kidney injury can be stratified as
liver related, kidney related, and
others. Nephrotoxic antibiot-

ics should be cautiously used
and drugs like angiotensin-

converting enzyme inhibitors

or receptor blockers should Liver-related Factors

Kidney-related Factors Drugs

be permanently discontinued. u

Diuretics should be carefully
K Severity of liver
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. failure
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e Infection
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K. Variceal bleed

stable decompensated cirrhosis, cystatin C, higher biliru-
bin, and prior AKI were identified as independent predictors
of new development of AKI [41]. Risk factors are given in
Table 3 [54-65] and Fig. 3.

Statement

The risk factors of AKI in ACLF can be stratified as liver
and kidney related and as extraneous factors particularly the
use of nephrotoxic drugs. [LoE4, strong recommendation,
consensus 97%].

Recommendation

A detailed clinical history and assessment of risk factors should
be performed in all patients with ACLF and AKI. Record and
stratification of risk factors as liver or kidney related and as
extraneous factors particularly drugs should be considered.
[LoE4, strong recommendation, consensus 97%].

Section lI: Biomarkers of AKl in ACLF

Early recognition of AKI and accurate measurement of
renal function in cirrhosis are crucial in the management
of these patients. Persistence of AKI in patients with ACLF
is associated with a higher in-hospital mortality [34].
Though urine output and sCr can detect AKI, these lack

~

/

¥ U
K Prior AKI- episodes, \ K Drugs - Diuretics, \

types, severity, duration ACE inhibitors,
* Presence of chronic ARB, beta-
kidney djsease blockers, NSAIDs
* Underlying acute o Nephrotoxic
kidney disease antibiotics-
» Intrinsic kidney disease Aminoglycosides,
* Obstructive uropathy amphotericin B,
K / polymixin,

fluoroquinolne, etc.
e Radiographic
contrast
o Volume losses-
overzealous use of
diuretics, diarrhea
secondary to

K lactulose /

sensitivity and specificity. Further, they cannot determine
the phenotype of AKI, and whether AKI is due to functional
or structural cause. In patients with ACLF, intense systemic
and splanchnic vasodilatation secondary to intense systemic
inflammation very often causes capillary leak. The decline
in urine output may occur due to third spacing and serum
creatinine may result in underestimation of renal functions
in such patients. At the same time, diuretic use may lead to
an overestimation of renal function. The most frequently
used laboratory value to measure GFR is sCr, because it is
readily available, inexpensive, and accurate. However, sCr
has many factors that influence its value, such as race, age,
gender, and muscle mass. Patients with cirrhosis including
ACLF are malnourished, cachectic, and sarcopenic, leading
to a deficiency in protein intake which is associated with
muscle wasting and leads to underestimation of renal
function. These patient-specific factors could be reasons
for a lower sCr, leading to an overestimation of GFR and
renal function. Another factor leading to inaccuracy in
creatinine correlating with GFR is that hyperbilirubinemia
affects Jaffe’s kinetic assay that measures sCr and leads to
an inaccurately low measurement. Despite this, sCr remains
the primary measurement of renal function in cirrhosis
because it is cost-effective, can be measured easily, and
can be repeated, and the use of novel biomarkers is still in
development (Table 4).

Cystatin C is a low-molecular-weight protein that is pro-
duced by all nucleated cells. It is filtered by the glomerulus
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and mainly reabsorbed by the proximal tubule. Despite the
limitations, cystatin C is not affected by age, muscle mass,
malignancy, or inflammation. The assay, unlike sCr, is not
affected by high levels of serum bilirubin and combination
equations of Cr and cystatin C are superior to sCr. Cystatin
C is an independent predictor of AKI and outcomes, includ-
ing mortality. In a cohort of 55 patients with hepatitis B
virus-related ACLF who had normal sCr level, CysC level
was an independent risk factor for AKI development (odds
ratio=1.8; 95% CI 1.4-2.3, p=0.021). The cutoff value of
serum CysC for prediction of AKI in ACLF patients was
1.21 mg/L [66]. In another single-center study that included
all patients with cirrhosis listed for LT, on multivariable
competing risk analysis, CysC > 1.5 mg/L, sarcopenia and
albumin were independent predictors of mortality. The esti-
mated glomerular filtration rate by CKD-EPI-CysC—cre-
atinine < 60 mL/min/1.73 m at wait list was an independent
predictor of the need for RRT in the first month post-LT. [67]
In another small cohort study including 47 patients, in which
AKI developed in 34%, the best cutoff for baseline CysC was
1.47 mg/L with a sensitivity of 0.94 and specificity of 0.68
(area under the curve [AUC]=0.853) and was better than
that of creatinine (AUC =0.699). CysC was an independent
positive predictor of AKI [68-72].

Urine neutrophil gelatinase-associated lipocalin (NGAL)
is a small protein made by the kidney, lung, stomach, and
colon. Previous studies have shown that NGAL was upregu-
lated in the prerenal AKI and ATN setting and that increased
urinary NGAL could be detected within 2 h of initial renal
injury. Multiple studies have evaluated the efficacy and util-
ity of urinary NGAL in cirrhosis patients with AKI. Stud-
ies had found that urinary NGAL was superior to cystatin
C in the diagnosis of AKI or ATN. Barreto et al. studied
132 cirrhotic patients hospitalized with infections and found
that among patients with persistent AKI, HRS-AKI could
be accurately predicted with urinary NGAL values lower
than 86 pg/g creatinine in 88% of patients [73]. Kim et al.
studied urinary NGAL and CysC in 328 decompensated cir-
rhosis patients (41 patients with AKI). The authors found that
urinary NGAL is a predictor of AKI and outcomes (includ-
ing mortality) [74]. Recently, Huelin et al. studied urinary
NGAL and IL-18 of 320 cirrhosis patients with AKI. Urinary
NGAL was elevated in AKI progression during hospitaliza-
tion and was predictive of AKI progression in conjunction
with MELD score [75]. Currently, there are no definitive
diagnostic thresholds for differentiation between these types
of AKI. Ariza and colleagues analyzed urine and plasma
NGAL levels in 716 patients hospitalized for cirrhosis with
complications, of which 148 had ACLF [76]. In another study
of 55 patients with acute decompensation of cirrhosis, 34
with ACLF, a panel of 12 urinary biomarkers was assessed.
NGAL had the best accuracy for the ATN diagnosis, along
with urine IL-18, albumin, trefoil-factor-3 (TFF-3), and

glutathione-S-transferase-x (GST-x) [77]. In critically ill
patients with cirrhosis, urine NGAL predicted the need for
RRT, non-response to terlipressin, non-resolution of AKI at
day7, and the development of de-novo CKD [19]. In another
study of 162 patients with decompensated cirrhosis and AKI,
urine NGAL could determine ATN and non-response to ter-
lipressin in HRS-AKI and was an independent predictor of
in-hospital mortality [78].

IL-18 is a proinflammatory cytokine expressed in the
proximal tubule. It is released in urine when the cells are
damaged in AKI. Urinary IL-18 is elevated in patients with
AKI, especially from ischemic injury, but urinary IL-18 is
not elevated in conditions such as urinary tract infections,
nephrotoxic injury, and CKD. Tsai et al. in 2013 evaluated
the clinical outcomes of 168 cirrhotic patients with AKI
and severe sepsis. They found that urinary IL-18 was sig-
nificantly higher in patients with ATN than patients with
functional AKI, proposing a cutoff of 708.5 pg/mg creatinine
to differentiate between the two groups. Urinary IL-18 was
found to be a stronger predictor of ATN than serum IL-18
and they found that elevated urinary IL-18 was associated
with higher hospital mortality [79].

KIM-1 is elevated in AKI from ischemic injury to the
proximal tubule. Belcher et al. evaluated KIM-1 in patients
with AKI with other etiologies (PRA, ATN, and HRS) and
found the highest elevation in ATN with some overlap with
HRS. Other studies found that in patients with cirrhosis,
elevations in urinary KIM-1 levels were increased mainly in
ATN compared to other AKI presentations and could serve
as a prognostic indicator [80].

L-FABP is a small protein found in the proximal tubular
epithelium and binds to free fatty acids when reabsorbed
in the proximal tubule. L-FABP may be elevated in sep-
sis and specific etiologies of CKD (diabetic nephropathy
or glomerulonephritis). Eguchi et al. studied L-FABP in
242 chronic liver disease patients (chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma) [81]. The authors
found that serum L-FABP increased in liver cirrhosis com-
pared to chronic hepatitis and is higher in the presence of
hepatocellular carcinoma. L-FABP correlates with kidney
function markers, especially BUN, creatinine, and GFR.
This study shows the potential for L-FABP in chronic liver
disease and other complications, including AKI. In a pilot
study of 25 patients with alcohol-related ACLF, adipocyte
fatty acid-binding protein (A-FABP) levels were associated
with the development of new organ failures, including renal
failure [82]. Pro-C6, a biomarker of extracellular matrix, was
shown to positively correlate with markers of AKI including
urinary neutrophil gelatinase-associated lipocalcin (NGAL).
Elevated levels were also associated with extrahepatic organ
failures and higher short-term mortality.

Two new biomarkers being studied for potential ben-
efits are insulin-like growth factor-binding protein-7 and
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tissue matrix metalloproteinase inhibitor-2. They are only
approved for evaluating AKI in patients with intensive
care unit (ICU) and need further evaluation. There is not
enough evidence to note potential utility. Very few studies
have analyzed the role of urinary biomarkers as predictors
of response to therapy. Although urinary NGAL at day 3
predicted the need for RRT, it was not associated with a
response to terlipressin. Urinary biomarkers of cell cycle
arrest, TIMP-2 and IGFBP7, also did not predict response
to terlipressin in patients with HRS [83]. Novel biomarkers
can differentiate both the degree of renal dysfunction and
possible etiology, but the data are not substantial enough
to currently recommend utility. Additionally, these tests are
not readily available and are expensive methods to evaluate
renal function [84—-86]. Almost all these molecules provide
retrospective information, i.e., they indicate that damage
has already occurred in the renal parenchyma. This “retro-
spective” aspect of biomarkers might be useful to detect the
development of CKD in patients with ACLF in the pre- or
post-transplant setting. Early detection of an ongoing dam-
age with the use of a “prospective” biomarker would be
very useful to assess the efficacy of preventive therapeutic
approach. One could speculate that a biomarker that moni-
tors metabolism of renal epithelial cells before these cells
die would be very useful.

Can biomarkers be used for timely diagnosis of AKI
in ACLF?

CysC and other biomarkers are of interest in predicting
AKI in patients with decompensated cirrhosis. Because
data for patients with ACLF are lacking, studies are needed
on the use of biomarkers in these patients. [LoE 5, strong
recommendation, consensus 97%].

Can biomarkers delineate the spectrum of AKI
in ACLF (HRS-AKI from ATN)?

Biomarkers, especially urine NGAL, are of use in
differentiating ATN from HRS-AKI in patients with
decompensated cirrhosis. Because of limited data on NGAL
in patients with ACLF, studies need to be conducted. [LoE
5, weak recommendation, consensus 97%].

Can biomarkers guide the prediction of the course
of AKl in ACLF and the timely initiation
of terlipressin?

In the patient with ACLF, the progression of AKI is associ-
ated with increased mortality. There is some evidence that
biomarkers, in particular urine NGAL, predict the short-term
progression of AKI in patients with decompensated cirrho-
sis. Because data on biomarkers are lacking in patients with
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ACLEF, studies should be conducted to assess the predictive
value of biomarkers in these patients.

Statement

There is limited data using biomarkers to decide on
initiating terlipressin therapy for HRS-AKI. [LoE 5, strong
recommendation, consensus 97%].

Can biomarkers aid in deciding the need for dialysis
in patients with ACLF?

There are no studies that address the use of biomarkers for
deciding the need for dialysis. Biomarkers alone, outside
standard criteria for RRT initiation, cannot be used for
deciding the need for dialysis in patients with ACLF. [LoE
5, weak recommendation, consensus 97%].

Can biomarkers predict renal recovery in ACLF
patients?

Some biomarkers (e.g., urine NGAL) are of interest in
predicting renal recovery in patients with decompensated
cirrhosis. Because data for patients with ACLF are
lacking, studies need to be conducted on biomarkers for
renal recovery prediction in these patients. [LoE 5, weak
recommendation, consensus 97%].

Can biomarkers guide the risk of CKD development
pre- and post-transplant in ACLF patients?

Biomarkers (e.g., urine NGAL) may prove to be useful in
guiding the risk of development of CKD in patients with
cirrhosis pre- and post-transplant. Because data for patients
with ACLF are lacking, studies need to be conducted on
biomarkers for CKD development in these patients. [LoE
5, weak recommendation, consensus 97%].

Section lll: Prevention of AKl in ACLF
Predictive models for AKl in ACLF

Predictive models are required for risk stratification in
patients with ACLF. In a large study including patients with
397 decompensated and hospitalized patients with cirrho-
sis, a predictive model comprising white blood cell count,
high sCr, and international normalized ratio was developed
and validated for prediction of AKI [87]. However, this was
developed from a single-centre and the mean MELD of the
included patients was 17. The PIRO model was developed
from the large multinational database and showed good
predictive ability for AKI in patients with ACLF, however,
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has not been validated outside the Asia—Pacific region [12]
(Fig. 4).

Role of antioxidants in AKI prevention

Multiple studies have explored the role of N-acetyl cysteine
(NAC), antioxidants, and other agents in the prevention of
AKT; however, most of these were post hoc analysis. In a
small retrospective study of hepatitis B-related ACLF, 42
patients who received N-acetylcysteine were compared to
48 patients in the control group [88]. In an open-label RCT,
investigating the omega 6 vs. omega 3 infusions compared
to standard medical treatment in patients with ACLF, a
significant reduction in the incidence of sepsis by day
-28 was observed in the omega 6 and omega 3 fatty acid
group compared to standard medical treatment, i.e., 40%
(22.65-59.4) in omega 6, 13.34% (0.03-39.72) in omega
3 vs. 60% (40.6-77.34) (p <0.001). On post hoc analysis,
a concomitant and significant reduction in sCr was also
observed. However, the impact on AKI development was not
studied [89]. In RCT including patients with severe alcohol-
related hepatitis, 48 patients on antioxidants (combination of
beta-carotene, vitamin C and E, selenium, methionine, NAC)
were compared to 53 patients randomized to corticosteroids,
and a lower proportion of patients developed renal failure
and sepsis in the antioxidant group (23% vs. 11%) [90].
NAC combined with enteral nutrition compared to enteral
nutrition did not show benefits in AKI development [91]. In
the randomized controlled trial comparing a combination
of glucocorticoids and NAC versus glucocorticoids, a
significant reduction in the incidence of the syndrome (HRS)
[25%vs. 12%, 0.41; 0.17-0.98; p=0.02] and mortality due
to HRS [22% vs. 9%; 2.79; 95% CI 1.08-7.42; p=0.02]
was observed with NAC [92] Three RCTs on alcohol-
related hepatitis evaluating the role of pentoxifylline did not
show the benefits in AKI prevention [93-95]. NAC is the
recommended drug of choice for acetaminophen-induced
ALF. It is the drug of choice for ALF due to any cause and
has been documented to improve transplant-free survival
(TFS) in patients with grade 1-2 encephalopathy, but not
advanced stages [96, 97]. In a retrospective analysis from
China, NAC infusion was shown to improve intrahepatic
cholestasis and coagulation dysfunction with significant
reduction in serum bilirubin in patients with HBV-related
ACLF [98]. The improvement in serum creatinine, however,
was not observed in this study.

Intravenous albumin for AKI prevention

In a recent position paper involving 33 experts from 19
different countries, several recommendations on the use
of intravenous albumin in patients with decompensated
cirrhosis were proposed. However, no recommendations
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Fig.4 The components of the PIRO score, the only score developed
specifically for predicting AKI risk in patients with ACLF, comprises
four components. Predisposition—serum bilirubin, urea, creatinine
and potassium, injury secondary to nephrotoxic drugs, response as
components of systemic inflammatory response syndrome, and organ
failure secondary to microcirculatory dysfunction or shock

Development of AKI

were proposed specifically for patients with ACLF. For
patients with acute decompensation of cirrhosis, the
consensus felt lack of benefits with short-term use of human
albumin. [99] In RCT including 80 patients with ACLF,
undergoing therapeutic paracentesis of <5 I, PICD was more
frequent in the non-albumin group compared to patients
who received albumin (70% vs. 30%; p=0.001), including
a higher incidence of hepatic encephalopathy (50% versus
27.5%; p=0.04), hyponatremia (67.5% versus 22.5%;
p<0.001), AKI (62.5% versus 30%; p=0.001), and 28-day
mortality (62.5% versus 27.5%; p=0.003). [52] In patients
with spontaneous bacterial peritonitis (SBP), Sort et al.
randomized 126 patients into two groups: the first received
20% albumin at a dose of 1.5 g/kg at diagnosis and 1 g/kg
on day 3 in infusion + cefotaxime; and the second received
cefotaxime alone. The incidence of AKI and in-hospital and
90-day mortality was higher in the group without albumin
(33% vs 10%, p=0.002), (29% vs 10%, p=0.01) and (41%
vs 22%, p =0.03), respectively [100]. Based on this trial,
the guidelines recommend the combined use of albumin and
antibiotics in patients with SBP, particularly in high-risk
groups (bilirubin >4 mg/dl, blood urea nitrogen > 30 mg/
dl and/or creatinine > 1 mg/dl) [101]. However, the data on
non-SBP infections failed to show a survival benefit with
intravenous albumin. In the INFECIR-2 study, 118 patients
with hospitalized cirrhosis with non-SBP infections were
randomized to albumin and antibiotics versus antibiotics
alone. A significantly higher proportion of patients in the
study group had resolution of ACLF (82.3% vs 33.3%;
p=0.03) and lower incidence of the development of
nosocomial infections (6.6% vs 24.6%; p =0.007) with
no difference in mortality. In the pilot Preciosa study, the
impact of high dose of albumin was evaluated for 12 weeks
in decompensated patients, i.e., 1.5 g/kg weekly versus 1 g/
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kg every 2 weeks. The higher doses of albumin were found
to be associated with normalization of serum albumin levels,
left ventricular circulatory stability, and reduced levels of
inflammatory cytokines, but not with any significant changes
in portal pressure [102].

Use of G-CSF in ACLF

G-CSF is a glycoprotein that stimulates the bone marrow to
produce and release neutrophils and stem cells (CD34+) into
the bloodstream. In response to hepatic injury, the expression
of CXC chemokine, stromal-derived factor-1 (SDF-1), and
its receptor CXCR4+ increases in the regenerating liver
leading to recruitment of HSCs to the peripheral blood.
Mookerjee et al. have shown that neutrophil dysfunction
leads to the development of sepsis and further to the
development of HRS and hepatic encephalopathy in patients
with alcohol-related hepatitis superimposed on cirrhosis
[103]. There are five randomized controlled trials evaluating
the impact of G-CSF therapy on outcomes of ACLF with
mixed results. The data from Asian studies have been
contrary to the data from European studies. Possibly, the
selection of patients and the differences in definitions in
these trials could explain the heterogeneity of the results
[104-113]. However, in animal models of ACLF, the
combination of TAK-242 and G-CSF was shown to inhibit
inflammation, promoted hepatic regeneration, and prevented
mortality [107]. Based on the data, currently G-CSF cannot
be recommended for prevention of AKI in ACLF.

Use of non-selective beta-blockers (NSBB)

The impact of non-selective beta-blockers on AKI outcomes
have been evaluated in two studies. In a retrospective cohort
study including data from the CANONIC study, 164 patients
on NSBB were compared to 185 patients not on NSBBs. A
lower 28-day mortality was observed in patients on NSBB
(24.4% vs. 34.1%; p=0.04) including a reduction in the
ACLEF grade and a significantly lower worsening [114]. In an
RCT enrolling patients with ACLF with small/no varices and
HVPG above 12 mm of Hg, use of NSBBs was associated
with lower 28-day mortality (24.3% vs. 10.6%; p=0.04)
and lower AKI development (13.6%vs. 35.7%; p=0.003).
However, the effects were not sustained at 60 and 90 days
[115]. Although the studies show some benefit, all experts
believed on cautious use of NSBB in patients with ACLF.

Use of prophylactic antibiotics
In an RCT investigating the effect of norfloxacin on the
prevention of bacterial infections in 143 ACLF patients, a

lower prevalence was observed with norfloxacin compared to
placebo at day 28 (18.1% vs. 33.8%; p=0.03) and day 90 (46%
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vs. 62%; p=0.02). Almost one-third of the patients developed
multidrug-resistant organisms and a higher proportion of
patients developed candiduria in the norfloxacin group (25%
vs. 2.63%) compared to the placebo group, respectively.
[116] Therefore, currently, limited data exist on routine use
of norfloxacin in patients with ACLF for prevention of AKI.

Can the PIRO model be used for risk-stratifying AKI
in patients with ACLF?

The components of PIRO include high serum bilirubin, urea,
potassium, and creatinine along with the use of nephrotoxic
drugs, systemic inflammation, and circulatory failure. The
model had good sensitivity and specificity and was developed
from the multinational database. The model could be used
for risk stratification of AKI, but needs further validation.
The role of bile acids could also be explored in this context.
[LoE4, weak recommendation, consensus 90%].

Recommendations

Intravenous albumin is recommended for preventing the
development of PICD after modest-volume therapeutic para-
centesis. [LoE2, strong recommendation, consensus 97%).

Albumin should also be used for preventing the develop-
ment of renal dysfunction in the context of SBP. The dose
of albumin needs to be individualized based on the volume
status. [LoE4, strong recommendation, consensus 91%].

There is no data to suggest the role of G-CSF, pentoxifylline,
and/or antioxidants in the prevention of AKI development in
ACLF patients. [LoE4, strong recommendation, consensus
97%].

Studies show some benefits of beta-blockers in ACLF
patients. However, beta-blockers cannot be recommended
for the prevention of AKI in ACLF patients. ACLF patients
already on NSBBs should be stopped or dose reduced, as
NSBB can decrease the renal blood flow and perfusion and
increase the risk of developing AKI. [LLoE4, weak recom-
mendation, consensus 91%].

The use of prophylactic norfloxacin decreased the
incidence of bacterial infections; however, the benefits in the
context of AKI have not been studied. Use of prophylactic
antibiotics cannot be recommended for the prevention of
AKI in patients with ACLF. [LoES, weak recommendation,
consensus 84.8%].

Section IV: Management of AKl in ACLF
Section IVA: Fluid management in AKl in ACLF

We suggest targeting the goal of maintaining an appropriate
perfusion pressure, which is the difference of the mean
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arterial pressure (MAP) and central venous pressure. There
are four phases of fluid management, rescue, optimization,
stabilization, and de-escalation [117-122]. Overzealous
fluid administration results in impairment of organ function,
particularly of the encapsulated organs. There is organ
edema which causes architectural distortion of the vascular
bed, reduced capillary flow, and lymphatic return causing
decreased renal blood flow and glomerular filtration rate
[121, 122]. Measurement of intraabdominal pressures may
be used as a guide to target an appropriate renal perfusion
pressure by preventing increased renal venous pressure.
The kidneys are most vulnerable to even small increases
in IAP. An arterial Doppler of the renal arteries could
guide detecting compromised renal microvascular blood
flow. Hypervolemia can also cause gut edema along with
bacterial translocation, cytokine release, and oxidative stress
and reduction in cardiac output. In a randomized controlled
trial evaluating a restrictive fluid strategy targeting negative
or neutral fluid balance compared to usual care showed
reduced incidence of RRT (RR 0.42, 95% CI 0.16-0.91;
p=0.043) with the restrictive strategy [123]. Similar results
were observed in a large multicentric randomized controlled
trial, the FACTT trial, which included patients with acute
lung injury; a conservative fluid strategy was associated
with improved outcomes. The strategy was associated with
a decrease in the duration of mechanical ventilation without
increasing the need for RRT [124].

The initial assessment of the ACLF patient with AKI
should be based on the detailed history of all the risk factors
(as detailed above) and a clinical examination. Specific clini-
cal signs to be carefully assessed include recording the MAP,
pulse, and orthostatic changes in blood pressure. Other signs
include a decline in urine output, mentation, capillary refill
time and skin turgor or dryness, and skin perfusion (mottling/
cold extremities). The initial laboratory assessment should
include (if feasible and/or the patient is in the intensive care
unit) recording the arterial lactate, pH, base excess, bicarbo-
nate, central venous oxygenation, and/or mixed venous PCO,.

Should intravenous albumin be initiated
for the management of stage 1 AKl in ACLF?

The recommendations for the management of ACLF patients
should be different from those of patients with decompen-
sated cirrhosis. This is because the AKI in ACLF is different
from decompensated cirrhosis and 48 h of waiting may be
detrimental. Systemic inflammatory response plays a more
important role apart from the hemodynamic dysfunction in
the pathogenesis of organ failure in ACLF. Therefore, ini-
tiation of intravenous albumin for volume expansion should
be initiated at stage 1 in these patients, unlike patients with
decompensated cirrhosis [22, 50]. Albumin in these patients
would correct the effective hypovolemia through its oncotic

properties and ameliorate systemic inflammation through its
immunomodulatory and endothelial stabilization function
[102]. However, there are no studies evaluating the impact of
intravenous albumin in stage 1 AKI in patients with ACLF.
(Fig. 5).

Statement Initiation of volume expansion with albumin in
stage 1 of AKI may improve resolution and prevent progres-
sion in patients with ACLF [LoE4]. However, the evidence
for initiation of albumin in stage 1 AKI in ACLF is limited.

Initiation of volume expansion with albumin at stage 1
AKI in patients with ACLF is recommended. Close moni-
toring should be done to prevent volume overload. [LoE4,
strong recommendation, consensus 100%].

Should 5% albumin be used for fluid resuscitation
in patients with ACLF and AKI with shock?

The large randomized controlled trial, the FRISC protocol,
comparing 5% albumin versus normal saline for fluid resus-
citation in critically ill patients with cirrhosis and sepsis-
induced hypotension [125]; showed the superiority of 5%
albumin over normal saline for fluid resuscitation. In this
RCT, 250 mL 5% albumin given as bolus was superior to
normal saline in causing reversal of shock and improve-
ment in tachycardia, arterial lactate, and urine output. This
was also associated with survival benefit at 7 days. Simi-
larly, the SAFE study was a multicentric trial comparing
4% albumin versus normal saline in critically ill patients
requiring volume resuscitation, not necessarily cirrhosis
[126]. In the subgroup of patients with sepsis, the superi-
ority of 4% albumin was observed. However, both these
trials were not performed in ACLF patients (Figs. 6, 7).
In the ALPS trial, 20% albumin was superior to Plasma-
Lyte in improving the MAP and lactate clearance and was
also associated with a prolonged time to RRT [127]. The
protocol violations were significantly more in the albu-
min group. The use of 20% albumin vs. PlasmaLyte was
an independent determinant of adverse events along with
the presence of pneumonia, higher SOFA scores, and lower
serum bicarbonate. Plasmalyte was a safe fluid in sicker
patients and caused fewer pulmonary events. The choice
between a balanced crystalloid and normal saline has also
been investigated in multiple studies. Animal and human
experiments have established the association of 0.9% saline
with the development of hyperchloremic acidosis when
administered in large volumes. Hyperchloremia is associ-
ated with renal vasoconstriction, impairs the renal artery
flow velocity, and decreases the glomerular filtration rate
by causing cortical tissue perfusion compared to balanced
crystalloids [128—130]. In a large cohort study performed
on critically ill patients with cirrhosis, hyperchloremia was
identified as an independent predictor of AKI non-resolution
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at day 7 [17]. In a multicenter, cluster-randomized double-
crossover feasibility study conducted in New Zealand, 2300
participants, who needed crystalloids for volume resuscita-
tion without established renal failure requiring RRT, were
included. These patients were randomly assigned to 0.9%
saline or PlasmaLyte [131]. The incidence of AKI and the
need for RRT were not significantly different between the
two groups. Another cluster-randomized, multiple-crossover
trial including 15,802 adults compared normal saline (0.9%
sodium chloride) and balanced crystalloids (lactated Ring-
er’s solution or Plasmalyte). The patients in the balanced
crystalloid group compared to the normal saline group had a
reduction in the composite outcome, which included reduced
incidence of major adverse kidney events (14.3% vs. 15.4%;
p=0.04) and in-hospital mortality at 30 days (10.3% vs.
11.1%; p=0.06), and, a reducede incidence of RRT (2.5%
and 2.9%; p=0.08). [132] In another double-blind RCT,
comparing Plasmal.yte with saline recruiting 5037 patients,
the risk of death or AKI was not different between the two
groups [133]. The data therefore suggest the safety of bal-
anced crystalloids in reducing adverse kidney events com-
pared to normal saline, particularly when the volume of fluid

' ACLF with AKI ’
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History of risk factors — Nephrotoxic drugs, iv contrast agents,
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Volume status and Intra-abdominal pressure*
Imaging and doppler to rule out structural defects, vascular patency
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Fig.5 Assessment of severity and cause of acute kidney injury, vol-
ume, and hemodynamic status for guidance on choice and volume of
fluid. The initial assessment should begin with detailed history and
physical examination to determine the severity of AKI, cause of AKI,
volume, and hemodynamic and cardiopulmonary status of the patient.
KDIGO kidney disease improving global outcome criteria, LVP
large-volume paracentesis, MVP modest-volume paracentesis (less
than 5 1), MAP mean arterial pressure
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required is more. Based on this indirect evidence, we recom-
mend a careful volume assessment of ACLF patients with
AKI. Further, a combination of crystalloids with albumin
may be preferred in ACLF patients with AKI requiring large
amounts of fluids. This is based on a study showing lesser
mortality in sepsis patients receiving crystalloids alone ver-
sus those receiving early combination of crystalloids with
albumin within 24 h (12.5% vs 16.4%, p=0.003) [134]. Bal-
anced crystalloids can be used for resuscitation in patients
with ACLF and AKI when the volume of fluid required is
more.

Statement 2a 4% or 5% albumin should be preferred for
volume expansion in patients with ACLF, AKI, and shock
and should preferably be given within the first 3 h of hospi-
talization. [LoE2].

Statement2b Balanced crystalloids can be used in addition
to 4-5% albumin for resuscitation in patients with ACLF
and AKI when a greater volume of fluid is required [LoES].

ACLF with AKI
6@

Volume expansion with 4-5% iv
albumin (5ml/kg) within first 3 hours of

hospitaliation

l

Dynamic volume assessment by
IVC collapsibility (for spontaneously breathing
patients) or distensibility (for ventilated patients)

Other indices - POCUS

6th hourly IVC assessment

IVC Collapsibility > 40%
or
IVC Distensibility > 18%

IVC Collapsibility < 40%
or

IVC Distensibility < 18%

Balanced crytalloids
(30ml/kg) may be added

Switch to 20 - 25% Albumin

Consider
de-escalation

Fig.6 Fluid management in ACLF patient with acute kidney injury
(AKI) with shock. Patients who are found to be hemodynamically
unstable should receive volume resuscitation with 4-5% albumin at
a dose of 5 ml/kg, within the first 3 h of presentation, with simulta-
neous admission to a critical care unit. Dynamic volume assessment
should be performed by utilizing IVC collapsibility/distensibility and
point of care ultrasound. Those who are found to be volume depleted
(IVC collapsibility >40%) with shock may be additionally given
balanced crystalloids. Those with no further scope of fluid may be
switched to 20-25% albumin with a daily assessment for de-escala-
tion
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Fig.7 Fluid management in
ACLEF patient with acute kidney
injury (AKI) without shock. For
patients who are hemodynami-
cally stable and found to have
stage 1 AKI may be volume
repleted with 20-25% albu-

min with de-escalation upon
response. Those with stage 2 or
3 AKI as per KDIGO should

be evaluated for identifica-

tion of the phenotype of AKI.
Biomarkers may be used to
differentiate one from the other.
For those with HRS-AKI, who
are volume depleted, resusci-
tation with 20-25% albumin

is recommended, with early
initiation of terlipressin after
appropriate volume expansion,
starting at a dose of 2 mg/24 h
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Statement 2c  20-25% albumin should be used for volume
expansion for patients with ACLF and AKI in the absence
of shock [LoE2].

Recommendation 2a In patients with hypovolemia, AKI,
and shock, 4-5% albumin should be used for fluid resuscita-
tion compared to crystalloids or 20-25% albumin. [LoE2,
weak recommendation, consensus 91%].

Recommendation 2b Balanced crystalloids can be added
to 4-5% albumin for fluid resuscitation when larger volumes
of fluid are required. [LoES, strong recommendation, con-
sensus 97%].
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Recommendation 2c¢  20-25% albumin should be used for
volume expansion for patients with ACLF and AKI in the
absence of shock. [LoE2, strong recommendation, con-
sensus 100%].

What should be the appropriate dose of albumin
for the management of AKl in patients with ACLF?

Patients with ACLF with AKI usually have severe systemic
inflammation, capillary leak, and third spacing predisposing
them to risk of pulmonary complications with overzealous
use of albumin [22, 23]. It is suggested to use dynamic indi-
ces over static indices for guiding the dose of albumin to be
administered in patients with ACLF and AKI [121, 122, 135].
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The static indices include right atrial, central venous, and
pulmonary artery occlusion pressure. Other measures include
the assessment of right ventricular end-diastolic volume and
global-end diastolic volume by transesophageal or transtho-
racic echocardiography. Fluid responsiveness is defined
by an increase in cardiac output after the fluid challenge
(250-500 ml of crystalloid or 3 ml/kg colloid) [128]. The
stroke volume is calculated by measuring the aortic velocity
time integral. Changes in the stroke volume can be perceived
with interventions, i.e., before and after a fluid bolus, or pas-
sive leg raising test [128—130]. An increase in the stroke
volume by 12-15% indicates volume responsiveness. If the
patients are mechanically ventilated, a respirophasic variation
of the VTI by 12% is considered a sign of preload depend-
ence. Passive leg-raising test can be used for spontaneously
breathing patients. In mechanically ventilated patients, stroke
volume variation, pulse pressure variation, end-expiratory
occlusion test, measurement of diameter, and collapsibility
of superior and inferior vena cava could be used. The meas-
urement of IVC can be used for both fluid responsiveness
and fluid tolerance. The variation in diameter and collapsibil-
ity are reversed in patients on positive pressure ventilation.
Therefore, during inspiration, there is increase in the disten-
sibility of the IVC during inspiration rather than collapse.
The collapsibility index is calculated as (IVC maximum-IVC
minimum)/IVC maximum and is seen to vary from 12 to
42%. The measurement of extravascular lung water and pul-
monary vascular permeability index using the transpulmo-
nary thermodilution technique could be additional guides to
the volume management in mechanically ventilated patients.
Apart from this, the use of point-of-care ultrasound using the
B-protocol and count of the B lines could guide the volume
of fluid that should be administered to these patients. The
presence of diffuse B-lines suggests either interstitial-alveo-
lar syndrome or cardiogenic pulmonary edema. The lung
ultrasound also has an advantage of dynamic assessment,
and it can be used for assessing response to the treatment
modalities [136—143]. In patients with ARDS, specific find-
ings include reduced pleural motion and abnormalities, and
subpleural consolidations. The measurement of intraabdomi-
nal pressures could also guide an appropriate renal perfusion
pressure by preventing the increase in the renal venous pres-
sure by hypervolemia. However, limited data supports a rou-
tine measurement of intraabdominal pressure in patients with
ACLF. Based on the availability and expertise and whether
the patient is admitted to the intensive care unit, physicians
should manage these patients (Fig. 7).

Statement The dose of albumin for the management
of AKI in ACLF patients should be individualized and
guided by dynamic indices, preferably by IVC measure-
ment and lung ultrasound [LoE4].

@ Springer

Recommendation Patients with ACLF and AKI should
receive intravenous volume expansion with intravenous
albumin, the dose of which should be individualized and
guided by the dynamic indices of fluid responsiveness.
[LoE4, strong recommendation, consensus 94%].

Should intraabdominal pressure measurement be routinely
performed for ACLF patients with AKI and tense ascites?

Statement Measurement of intraabdominal pressures may
improve outcomes of AKI in patients with ACLF with tense
ascites. However, this currently cannot be recommended in
routine clinical practice given lack of data. [LoES, weak
recommendation, consensus 78%].

Recommendation Measurement of intraabdominal pres-
sures may be performed in patients with ACLF with tense
ascites for improving AKI outcomes [LLoES, weak recom-
mendation, consensus 78%].

Does a cardiopulmonary assessment help in patients

with signs of hypervolemia or comorbid diseases to decide
the administration of albumin in patients with ACLF

and AKI?

The ATTIRE trial which enrolled hospitalized patients
with decompensated cirrhosis aimed to study the targeted
albumin administration compared to the standard of care.
The albumin infusions were given targeting serum albumin
above 3 gm/dl and a composite outcome of infections, devel-
opment of renal dysfunction, and mortality were assessed.
The study did not show the superiority of targeted albumin
and additionally demonstrated a higher incidence of pul-
monary events [144]. Similarly, in the ALPS trial, rapid
administration of 20% albumin led to a higher incidence of
pulmonary complications [127]. A recent investigation by
Premkumar et al. on the presence of cirrhotic cardiomyopa-
thy could predict HRS non-response and survival in patients
with cirrhosis. Higher levels of CysC and N-terminal pro-
brain natriuretic peptide (NT-pro-BNP) also predicted non-
response. Adverse events were observed in almost a third
of these patients. Although cardiac function and lung ultra-
sound scores correlated with mortality, an association with
the adverse events was not assessed [145]. The CONFIRM
trial showed a higher incidence of pulmonary complica-
tions in the combination of albumin and terlipressin arm
compared to albumin alone [146]. All these patients had
AKI-HRS and therefore, met the EASL criteria for ACLF.
Together, these studies suggest a predisposition of patients
of ACLF with AKI to develop cardiopulmonary events sug-
gesting a need for cardiopulmonary assessment wherever
possible. This should be routinely performed in the intensive
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care unit, and also in patients on the medical floors wherever
feasible. (Table 5, Fig. 8)

Statement A cardiopulmonary assessment is helpful in
patients with signs of hypervolemia or comorbid diseases to
decide the administration of albumin in patients with ACLF
and AKI. [LoE4, strong recommendation, consensus
97%].

Recommendation A cardiopulmonary assessment may
decrease the incidence of adverse events to 20% albumin
and should be incorporated during the management of
ACLF patients with AKI, especially in patients admitted to
the intensive care unit. [LoES, strong recommendation,
consensus 97%].

Section IVB: Vasoconstrictors in the management
of AKl in ACLF

In ACLF patients with HRS-AKI, the superiority of ter-
lipressin administered as a continuous infusion over nor-
epinephrine has been demonstrated. In the RCT by Arora
et al., the response at day 4 [26.7% vs. 11.7%; p=0.03],
day 7 [40% vs. 20%; p=0.01], and day 14 [40% vs. 16.7%;
p=0.004] with continuous infusion of terlipressin, respec-
tively, was superior to that with norepinephrine. Terlipres-
sin also conferred a significant survival benefit over nor-
epinephrine. Based on this study, terlipressin administered
as a continuous infusion should be the first choice for the
management of HRS-AKI in patients with ACLF [147].

Statement

Continuous infusion of terlipressin has been shown superior
to norepinephrine in reversing HRS-AKI in patients with
ACLF. [LoE 2, strong recommendation, consensus 94%].

Recommendation

Terlipressin administered as a continuous infusion is the
vasoconstrictor of choice for the management of HRS-
AKI in ACLF patients in the absence of contraindications.
[LoE2, strong recommendation, consensus 94%].

The time of initiation of terlipressin should be determined
based on a dynamic assessment of AKI with persistence/
progression after appropriate volume expansion of the
patient with intravenous albumin [34]. Vasoconstrictors,
particularly terlipressin and noradrenaline are effective
in HRS-AKI [146]. However, their efficacy in HRS-AKI
for ACLF patients has been suboptimal. Inflammatory
markers have an important role in the pathogenesis of AKI
in ACLF. This profound change of the pathophysiological
background may affect the efficacy of the treatment of HRS

by vasoconstrictors plus albumin in patients with ACLF.
It is well known that systemic inflammation can reduce
organ perfusion due to vasodilation and impaired left
ventricular function [11, 12, 34]. It can also impair renal
and extrarenal organ function through direct deleterious
effects of inflammatory mediators on essential tissue and cell
homeostatic mechanisms, including local microcirculation,
mitochondrial function, and apoptosis. Progression of AKI
is rapid in ACLF patients [11]. These patients therefore have
a higher incidence and progression of AKI, as well as more
frequent structural kidney damage, which is also associated
with worse outcomes [147-150]. Baseline sCr or early
improvements in sCr are accurate predictors of treatment
response and patient survival. Diagnosis of HRS-AKI in
ACLF currently requires 48 h of volume repletion with
albumin and diuretic withdrawal. Waiting for 48 h before
initiating treatment with vasoconstrictors can be associated
with worsening of AKI stage and ACLF stage, and thereby
suboptimal treatment response. Piano et al. reported a very
high mortality rate in ACLF HRS-AKI stage III both in
responders and non-responders to vasoconstrictors [151].
In a randomized controlled trial, eTERLI study, Singh and
colleagues demonstrated early initiation of terlipressin as
a better strategy. They compared early initiation (ET) of
terlipressin at 12 h to waiting for 48 h (ST) in reversing
HRS-AKI in patients with ACLF. In the early group, AKI
response at day 7 was observed in 24/35 (68.6%) patients
compared to 11/35(31.4%) in the ST arm [p=0.03]. Full
AKI response at day 3 was 31.4% in the ET vs. 11.4% in the
ST arm [p-0.04]. More patients died within 28 days in the
ST than the ET arm [65.7%vs.40%, p-0.031] [152].

Statement

Waiting for 48 h after initial volume expansion is associated
with a lower reversal and higher need for dialysis; therefore,
an early initiation of vasoconstrictors for ACLF patients
with HRS-AKI should be considered. [LoE2, strong
recommendation, consensus 90%].

Recommendation

Dynamic monitoring with sCr every 24 h or every 12 h
with urine output (in catheterized patients) for initiation of
vasoconstrictors at AKI persistence/progression after initial
appropriate volume expansion with albumin for management
of HRS-AKI in ACLF patients is recommended. [LoE2,
strong recommendation, consensus 88%].

Boyer and colleagues demonstrated that patients who
achieved HRS reversal had a significant rise in the mean
arterial pressure (MAP); however, on the contrary, the rise
in MAP did not predict the reversal of HRS-AKI [153]. In
the RCT by Nazar and colleagues, patients with an increase
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Table 5 (continued)

Conclusion

Renal dysfunction

Methodology

Study

Treatment with midodrine and albumin slightly
suppressed the activity of vasoconstrictor

systems

Treatment with midodrine and albumin was

Patients were randomly assigned to receive

Sola et al. MACHT investigators

associated with HRS reversal and decrease in

midodrine (15-30 mg/day) and albumin

plasma renin activity and aldosterone compared

to placebo

(40 g/15 days) or matching placebos for 1 year

Studies of albumin in cirrhosis

SMT standard medical therapy, HA human albumin, HRS hepatorenal syndrome, 7erli terlipressin, Mid midodrine, OCT octreotide

in MAP by more than 5 mm of Hg at day 3 had signifi-
cantly higher HRS reversal (73% vs. 36%; p=0.037) [154].
A pooled analysis of 21 studies including 501 patients
explored the relationship of increase in MAP with HRS
reversal using different vasoconstrictors (terlipressin, orni-
pressin, midodrine, octreotide or norepinephrine). The
authors observed that a decline in serum creatinine was
strongly associated with the increase in MAP, but not with
improvement in urine output [155]. These associations were
more strongly observed when the analysis was restricted to
RCTs. However, studies were not performed in patients with
ACLF. Zheng et al. showed a drop in MAP of > 9.5 mmHg
was an independent predictor of HRS in a large cohort of
HBV ACLF patients [156]. In a large randomized controlled
trial performed in critically ill patients with cirrhosis, the
TARGET-C, a higher target MAP (80—85 mm of Hg) [157]
was associated with improved renal outcomes and better
tolerance to dialysis, but at the cost of more adverse events.
Higher target MAP did not confer survival benefit at 28 days
compared to the lower target group (60-65 mm of Hg). The
use of terlipressin, higher SOFA scores, and hypernatremia
were identified as independent predictors of adverse events.
In the randomized controlled trial by Arora et al., adverse
events necessitated protocol discontinuation in 15% of
patients. A higher target MAP of 80—85 mm of Hg is pref-
erable during the management of HRS-AKI in patients with
ACLF; however, close monitoring of adverse events should
be pursued especially in patients receiving terlipressin.

Statement

A higher target MAP is preferable over a lower target.
Higher MAP improves renal perfusion by improving the
splanchnic and systemic vasodilatation. However, close
monitoring for adverse events should be pursued in these
patients, especially those being treated with terlipressin.
[LoE4, strong recommendation, consensus 91%].

Recommendation

A minimum target MAP of 65-70 mmHg during the
management of HRS-AKI in patients with ACLF is
recommended. [LoE4, strong recommendation, consensus
85%].

Terlipressin should be initiated at 2 mg as a continuous
infusion over 24 h with the escalation of the dose every 6 h
to a max. of 6 mg/day or the development of adverse events
[158]. The dose escalation should be guided by MAP (target
above 65-70 mm of Hg), urine output assessment every 6 h
(target> 0.5 ml/kg/h), and/or daily monitoring of sCr (more
than 25% reduction from baseline) to classify drug response.
Patients who achieve the target MAP of 80-85 mm Hg, but
have not achieved the goals of urine output or sCr or develop

@ Springer
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History, physical examination, laboratory and imaging data, consider IVC

!

* Record baseline creatinine,
GFR, Assess for background
AKD/CKD

Removal of offenders (e.g. ) diuretics, lactulose, NSBBs, NSAIDs, nephrotoxins, sepsis, ACE,ARBs)

!

*KDIGO staging-volume expansion; IV albumin (5%..20% ) Individualized, response-guided * Add crystalloids

AKI (resolving) ‘1

Identify spectrum

“‘ AKI persistent/ progression

Monitor, no further action . Volume non-responsive AKI
HRS Vs Non-HRS AKI ¢
W50 RBCS; dysmRBC B Negligible RBCs, WBCs and Urine
® >10WBCs RTECS Yo . rotein
. T Bile Cnd g
:Cell casts; m'udd‘y b@wn granular cast RN i . B S.Cr Course B Urine Spot Na <20 mEq/L
C3‘+pm!em(d|psucks) v > ®  Equivocal urine findings B Bland urine sediments or only
B Urine spot Na >30mEq/L B Drug Confounders hyaline casts
B Serum Na>136mEq/L B Abnormal RUS or ECHO B No drug confounders
B Shock, Low MAP or High MAP s B Normal RUS/ECHO
W Hydronephrosis
RISy ®  Bilirubin crystals -
e S0 Vg alls )

Acute tubular necrosis (ATN) Showing muddy brown cast
or granular cast and a few renal tubule epi. cells

AKI-Cholemic Nephrosis showing bile cast,
bilirubin crystal and a few RTECs

AKI-HRS bland sediment

J 1

1

Non-HRS AKI

L ]

L Possible HRS-AKI ? Biomarkers w

Definite HRS-AKI

I

N
Improbable

Renal replacement therapy (preferrable CRRT)

1
Probable AKI-HRS
L

L

—

* InitiateTerlipressin 2mg/24h continuous infusion
increase to max 6mg/24h or until response or AE

: |

Target MAP, urine output, monitor S. Creat daily
+/- 20% Albumin ( Daily Volume Assessment)

!

\

Therapeutic plasma exchange Liver Transplant Stop if no response or AE
Hemoperfusion, MARS ( individualized) Versus Consider alternative strategies
Simultaneous liver kidney transplant

|

The algorithm depicts the proposed strategy for the management of
acute kidney injury in acute on chronic liver failure. The designed
algorithm is not a strict guideline, but can be considered for better
reasoning and decision-making while managing and treating such
patients. Initially, using the baseline estimated glomerular filtration
rate, urine microscopy, imaging should be evaluated to understand the
status of background kidney disease. The baseline serum creatinine
and/ or urine output should be recorded for staging the AKI. The ini-
tial management should be to assess for all risk factors (as listed in
Fig. 5) and checking the volume status followed by volume resusci-
tation using 20% or 25% albumin therapy versus use of a 4% or 5%
albumin in patients with shock who are volume depleted. In such
patients, crystalloids can also be added if required and blood compo-
nents if patients have hemorrhagic shock. In patients admitted to the
intensive care unit, a cardiac echocardiogram, intraabdominal pres-
sure monitoring, and renal Doppler (wherever feasible) may be incor-
porated as a part of routine care. If patient’s AKI seems to improve,
no further treatment is required. However, if the patient has AKI per-
sistence/progression (as defined in definitions), a urine microscopy
should be performed to differentiate hepatorenal syndrome versus
acute tubular necrosis. The presence of bile cast or bilirubin crystals
should point toward the presence of cholemic nephropathy. Patients
with definite diagnosis of HRS-AKI should be managed with con-
tinuous infusion or terlipressin (as first choice in the absence of any

@ Springer

contraindications) or norepinephrine. In these intravenous therapies,
the dose and administration of albumin therapy should be decided
dynamically based on the volume status. In patients with non-
response to terlipressin or development of adverse events, terlipressin
should be discontinued and alternative modalities (renal replacement)
should be considered on a case-to-case basis. In patients with non-
HRS AKI, biomarkers can be used as a guide to decide the predicted
response to terlipressin versus alternative modalities of renal or extra-
corporeal liver support. Therapeutic plasma exchange may be con-
sidered; however, the data is limited. An early liver transplant should
be considered in patients with resolving AKI, while the decision for
liver transplant alone versus simultaneous liver kidney transplant in
patients with non-HRS-AKI or stage 3 AKI should be decided based
on a multidisciplinary team. AIN, acute interstitial nephritis; AGN,
acute glomerulonephritis; ECHOC, echocardiogram; HRS-1, hepa-
torenal syndrome type 1; IV, intravenous; IVCd, inferior vena cava
diameter; NSAIDs, nonsteroidal anti-inflammatory drugs; NSBBs,
non-selective beta blockers; ACE, angiotensin-converting enzyme;
ARBs, angiotensin II receptor blockers OU, obstructive uropathy;
PO, per os; RBCs, red blood cells; RUS, renal ultrasound; sCr, serum
creatinine; Na, sodium; WBCs, white blood cells; KDIGO, Kidney
Disease Improving Global Outcome; MAP, mean arterial pressure;
CKD, chronic kidney disease; AKI, acute kidney injury
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adverse events should be considered non-responders to
terlipressin and further dose escalation of terlipressin should
not be performed in these patients and alternative strategies
should be considered for HRS-AKI management. The post
hoc analysis from the CONFIRM trial demonstrated higher
renal recovery and decreased need for dialysis both pre- and
post-liver transplant in patients who received terlipressin
compared to standard medical treatment Table 5 [159-166].

Recommendation 5a

Considering a high probability of adverse events, terlipressin
should be initiated as an infusion at a dose of 2 mg/24 h with
escalation to a maximum of 6 mg/day in the management of
HRS-AKI. [LOE4, strong recommendation, consensus 97%].

Recommendation 5b

Measurement of MAP and urine output at least every
6 h along with daily measurement of sCr should be used
for guiding the dose of terlipressin escalation during the
management of HRS-AKI in patients with ACLF. [LOE2,
strong recommendation, consensus 97%].

Recommendation 5c¢

Patients who achieve the target MAP of 80-85 mm of Hg,
but have no improvement in urine output, or a reduction
in sCr by 25% despite the maximal dose of terlipressin
or develop adverse events should be considered as non-
responders to terlipressin. In such patients, terlipressin
should be discontinued and alternative strategies considered.
[LOES, strong recommendation, consensus 85%].

Recommendation 5d

Patients with a one-stage reduction in AKI (based on revised
criteria of AKI as detailed above incorporating urine output
or sCr) should be considered as responders to terlipressin.
Terlipressin in these patients should be continued until
complete renal recovery or until receipt of liver transplant.
[LoES5, strong recommendation, consensus 91%].

Section IVC: Renal replacement therapy in AKI
in ACLF

What initiation strategy, modality, and dose should be
considered for renal replacement therapy in patients
with ACLF and AKl stage 3?

The debate on timing, modality, and dose of dialysis has
been ongoing and still there is a lack of consensus [167,
168]. Most studies exploring the dialysis strategy have

excluded patients with decompensated cirrhosis. In the
artificial kidney initiation in kidney injury trial (AKIKI),
the early strategy defined as dialysis initiation within 6 h
of meeting KDIGO stage 3 was comparable to a delayed
strategy [169]. The post hoc analysis in the subset of patients
with severe sepsis, acute respiratory distress syndrome also
failed to show the benefits of early initiation [170]. In the
most recent meta-analysis, including 11 RCTs comparing the
effects of early and late RRT on AKI patients, failed to show
improvement in 28-day mortality by early initiation [38.1%
(431/1131) and 40.7% (453/1111] compared to late initiation,
respectively. A total of 1131 and 1111 AKI patients assigned
to early and late RRT strategies, respectively, were enrolled
in this meta-analysis [171]. Further, there was no significant
difference between groups in terms of RRT dependence
in survivors on day 28 (RR, 0.90; 95% CI, 0.67-1.25, 1
2=0%) and recovery of renal function (RR, 1.03; 95% CI
0.89-1.19, 1 2=56%). In an individual patient data meta-
analysis, early initiation of dialysis was not associated
with improved outcomes. However, in all the studies, the
type of dialysis modality was decided by the attending
clinician and population of patients and the definitions for
early dialysis initiation were very heterogenous [172]. On
the contrary, a large single-center trial, the ELAIN trial,
showed the impact of early strategy in improving both short-
and long-term recovery of renal functions. In the trial, the
study group comprised a homogenous set of patients and
all patients underwent continuous RRT (CRRT), which was
initiated when patients met KDIGO stage 2 and they also
used urine NGAL as a biomarker for guiding the dialysis
initiation [168]. Patients with cirrhosis are a distinct group
with marked hemodynamic alterations. In an open-label
randomized controlled trial, early initiation of CRRT in
patients with ACLF with septic shock and stage 3 AKI
showed the benefits in achieving a hemodynamic response
and trend toward improved transplant-free 28-day survival
[173]. Patients in the early group were initiated on CRRT
within 24 h of the onset of shock versus the late group
(CRRT when the patient met the absolute criteria. Renal
recovery was also more frequent in the early CRRT group.
Patients with cirrhosis more frequently develop intradialytic
hypotension during dialysis and this is more frequent with
intermittent modes of dialysis. SLED is a hybrid modality
of dialysis which is currently used as an effective alternative
to CRRT in resource-constrained countries [174, 175]. In
the TARGET-C trial, a higher incidence of hypotension was
demonstrated with SLED compared to CRRT, even though
CRRT was performed in the hemodynamically unstable
group [157]. Although the data from general critically
ill population have not shown benefits of CRRT over
intermittent modes of dialysis, all experts believed CRRT
to be preferable compared to intermittent modes of dialysis
in ACLF patients. However, the decisions would also be
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guided by the resource availability, expertise, and cost of
the therapy. The data on the exact dose of dialysis is also
limited in patients with cirrhosis. In critically ill patients, the
evidence has not shown any difference between a lower dose
(20-25 ml/kg/h) compared to a higher dose strategy [176,
178]. However, the higher dose CRRT has been reported to
be associated with better ammonia clearance in patients with
ALF and decompensated cirrhosis [179-184]. The higher
dose could be considered in the subset of patients wherein
it is required. Also, close monitoring and recording of the
actual delivered dose should be pursued in the management
of these patients [176, 177].

Statement Pre-emptive initiation of RRT may be required
in patients with ACLF with stage 3 AKI with progression
or non-response to vasoconstrictors within the first 12—-24 h.
[LoES5, strong recommendation, consensus 91%].

Recommendation 6a Patients with ACLF with stage 3 AKI
with progression or non-response to vasoconstrictors should
be considered for RRT. [LoE5, weak recommendation,
consensus 85%].

Recommendation 6b Considering systemic inflammation
as the key driver of AKI in patients with ACLF and marked
circulatory dysfunction, CRRT could be preferred over
the intermittent modes of dialysis. However, the decisions
would also be guided by the resource availability, expertise,
and cost of the therapy. [LoES, strong recommendation,
consensus 97%].

Recommendation 6c CRRT may be preferred over the
intermittent modes of dialysis in patients with ACLF and
stage 3 AKI. [LoES, strong recommendation, consensus
97%] [LoES5, strong recommendation, consensus 100%].

Recommendation 6d A lower dose of 20-25 ml/kg/h over
the higher dose as an initial strategy in the management of
AKT stage 3 in patients with ACLF is recommended. Higher
doses can be individualized in patients with non-response to
the lower dose. [LoE 5, strong recommendation, consen-
sus 100%].

Can citrate anticoagulation be safely used in patients
with ACLF on CRRT?

The use of citrate as anticoagulation in CRRT is fraught
with the risk of citrate toxicity. In patients with liver failure,
there are concerns about reduced metabolism and systemic
accumulation and toxicity. This is usually manifested in
these patients as either metabolic alkalosis or acidosis,
coagulopathy, and an increase in the total calcium/ ionic
calcium. In a study by Schultheiss and colleagues, the safety
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of regional citrate anticoagulation (RCA) was demonstrated
in patients with liver failure. They found that the ratio of
total calcium to ionic calcium >2.5 was an independent
predictor of 28-day mortality. Patients with arterial
lactate > 3.5 mmol/L and those with deranged coagulation
were more likely to have impaired citrate metabolism and
toxicity [185]. In a systematic review and meta-analysis
which included 10 observational studies with 1241 liver
dysfunction patients to analyze the safety of RCA, the
pooled rate of citrate accumulation and bleeding was seen
to be 12% and 5% respectively. A significant increase in
total/ionic calcium and metabolic alkalosis without any
significant increase in serum citrate was noted. There was no
significant increase in the serum total bilirubin and arterial
lactate in liver failure patients compared to non-liver failure
patients [186, 187].

Statement The use of RCA may be used in patients with
ACLF and AKI stage 3 on CRRT, however, based on the
current evidence cannot be routinely recommended. A close
monitoring of the total calcium to ionic calcium ratio should
be performed to determine citrate accumulation. More stud-
ies are warranted on the safety of RCA compared to no
anticoagulation in ACLF patients with AKI. [L.oE4, strong
recommendation, consensus 97%].

Recommendation 6e RCA can be used in patients with
ACLF on CRRT, with close monitoring of acid base status
and total calcium to ionic calcium to detect citrate accumu-
lation. [LoE4, weak recommendation, consensus 97%].

What protocols of weaning should be considered
in patients with ACLF on RRT?

Studies performed on patients with decompensated cirrhosis
and ACLF have demonstrated worse outcomes on dialysis.
The decisions of stopping or weaning a patient from dialysis
is an area which needs investigation. There are no controlled
studies evaluating weaning protocols for dialysis in patients
with ACLF and limited data exists. Dialysis can be used
only for a brief period until LT and/or spontaneous renal
recovery. In a study by Staufer and colleagues, evaluating
patients with cirrhosis requiring RRT in the ICU, a high
mortality at 28 day-, 90 day-, and 1 year of 83%, 91%, and
92%, respectively, was observed compared to 30%, 43%,
and 50%, respectively, in the group of patients who did
not receive RRT. SOFA scores within 24 h prior to RRT
showed good discriminant power to predict ICU mortality.
Patients requiring RRT with >5 organ failures assessed by
CLIF-SOFA at any time point showed 100% ICU mortality.
Only 13% of patients with RRT showed renal recovery,
while 14% of patients could be bridged to LT. In these
patients requiring acute RRT in ICU, a CLIF-C-ACLF
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above 59.5 calculated at 48 h after starting RRT was the
best predictor of ICU mortality (AUROC 0.87) regardless of
liver transplant options [188]. This could be used as a guide
to terminate dialysis in these patients. Prolonged dialysis
may be associated with high costs and could be futile in the
absence of a proactive liver transplant. Therefore, weaning
from dialysis should be proactively pursued in patients
with ACLF if they achieve renal recovery or until a liver or
simultaneous-liver kidney transplant. Futility of RRT should
be considered in patients without options of transplant and
the goals of withdrawing renal support proactively discussed
in a multidisciplinary meeting [189-191].

Statement Weaning for dialysis should be actively pursued
in patients with ACLF, AKI 3 on dialysis. [LoES, strong
recommendation, consensus 97%].

Recommendation 6f Patients should be actively weaned
from dialysis if they achieve renal recovery or if the patient
is not a candidate for LT. [LLoES5, strong recommendation,
consensus 97%].

Section IVD: Liver transplant in patients with ACLF
and AKI

Kidneys are considered as an organ of utility by APASL.
This is because the presence of kidney dysfunction or
failure is not a contraindication for a LT. Early LT can
improve outcomes in the presence of HRS-AKI. In a recent
investigation by Zhang and colleagues wherein the benefits
of early LT were demonstrated, kidney involvement was
observed in 80.5% and 81.7% of patients with three and
three to six organ failures [192]. Gousssous et al. studied
patients with ACLF, 77% with grade 3 ACLF, and the
proportion of patients with kidney failure was found to
be different (82.6% vs. 86.2%) for patients who were
transplanted versus those not, respectively [193]. In another
large cohort, wherein outcomes of emergency transplants
were evaluated, patients on RRT were considered and had
excellent outcomes [194]. However, multicentric data from
the CANONIC investigator’s 1-year post-LT survival of
patients with ACLF showed the following factors to be
independently associated with post-LT mortality, i.e., lactate
levels >4 mmol/L need for RRT at LT and infections with
multidrug-resistant organisms while on the waiting list
[195]. Interestingly, the data from the Asia—pacific showed
almost two-thirds of patients of ACLF are ineligible for a LT
because of infections and severe renal involvement requiring
RRT [196]. Together, the data suggest the high frequency of
renal involvement and mixed outcomes with an emergency
LT in patients with ACLF. In another recent study, Sundaram
et al. showed renal involvement as an independent predictor
of worse outcomes in patients after LT [197]. The course

of organ failures, especially the kidneys and other organ
failures in the intensive care unit, is another determinant
of outcomes. Resolution of organ failures with an effective
and appropriate infection management are associated with
improved outcomes [198]. Gustot et al. showed patients
with persistence or progression of ACLF grade 3 with four
or more organ failures on day 3-7 of the ICU stay have
significantly worse outcomes and are considered futile [199].
It is difficult to assess the impact of AKI 3 at the time of
LT on post-LT outcomes such as infections, hospital stay,
and early mortality, as generally patients with ACLF suffer
from multiorgan dysfunction. Patients with ACLF 3 have
higher complications after LT [200, 201]. Dialysis or anuria
prior to LT is not reported by the majority of ACLF studies,
as these patients are generally not taken up for LT alone
in the living donor LT setting. In the deceased donor, LT
studies have reported renal failure as defined by ACLF CLIF
OF/modified SOFA (creatinine > 2 mg/dl) with no further
attempt to subclassify AKI [202]. The ELITA study reported
the use of RRT as an independent predictor of worse
outcomes post-LT [195]. Dialysis has been shown to be one
of the predictors of mortality after LT in non-ACLF patients
[199]. Only a few studies have described the outcomes of
RRT at the time of LT. Patients with ACLF may have poor
renal outcomes after LT also. Agbim et al. reported lower
eGFR and a higher need for RRT in the ACLF group as
compared to the no-ACLF group [202].

The presence of acute tubular necrosis compared to
HRS is associated with inferior outcomes and higher
progression to CKD post-transplantation [200]. Patients
requiring RRT beyond 30 days have higher chances of
non-recovery and should ideally be considered for a
simultaneous liver kidney transplant. Goosmann et al.
studied the development of CKD post-transplantation. The
prevalence of renal involvement was 90% in their cohort.
They observed a higher prevalence of CKD stage 3 or more
in ACLF LT recipients after 12 months (p =0.03). Further,
the prevalence of CKD > grade 3 increased to 73% in the
non-ACLF LT group compared to 82% in the ACLF LT
group (p=n.s.) after 5 years [203]. Yazava et al. compared
356 non-ACLF patients with 60 patients with ACLF. The
patients with ACLF and eGFR < 30 mL/min/1.73 m? at
LT had significantly higher composite kidney outcomes
(eGFR < 15 mL/min/1.73 m.? or need for dialysis) [45].
Other factors which, even though not prospectively studied
but are relevant, include recipient age > 65 years, fraility,
active alcohol intake, and duration of mechanical ventilation
in patients in the ICU. The impact of comorbid diseases,
cardiac and diabetes, which is associated with higher
prevalence of underlying significant renal dysfunction could
also impact long-term renal outcomes [204].
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Statement 1a

The presence of stage 1 or 2 AKI if non-resolving should not
be a contraindication for expedited liver transplant. [LoE4,
strong recommendation, consensus 94%].

Recommendationla

ACLF patients with stage 1 or 2 AKI even if non-resolving
should be considered for an expedited liver transplant.
[LoE4, strong recommendation, consensus 94%].

Statement 1b

Patients with ACLF with AKI on dialysis, with a diagnosis
of acute tubular necrosis, and oliguria, and those with
other organ failures have worse outcomes. In such
patients, a multidisciplinary team and decision-making
should be performed for considering liver transplant
alone versus simultaneous liver—kidney transplant. This
should be performed on a case-to-case basis. [LoE4, weak
recommendation, consensus 97%].

Recommendation 1b

The decision for liver transplant alone versus simultaneous
liver—kidney transplant should be individualized for
patients with ACLF and AKI with a diagnosis of acute
tubular necrosis or oliguria and on RRT. [LoE4, strong
recommendation, consensus 97%].

Section V”: Care of post-discharge AKI
in ACLF

Statement

Considering a higher prevalence of structural AKI and non-
response to therapies, patients with ACLF post-discharge
should be followed closely for the development of acute
kidney disease or progression to CKD. [LoES, strong
recommendation, consensus 97%].

Recommendation
A close monitoring of renal functions post-discharge
in patients with ACLF who have recovered from AKI

is recommended. [LoES5, strong recommendation,
consensus 97%).
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Section VI: AKl on CKD in ACLF

Napoleone and colleagues [205], investigated the patterns
of kidney dysfunction and outcomes in patients with acute
decompensation (AD) of cirrhosis, with or without ACLF.
They performed a prospective cohort study including 639
admissions for acute decompensation (232 with ACLF; 407
without) in 518 patients. Data were collected at admission
and during hospitalization, and patients were followed
up for 3 months. Urine samples were analyzed for kidney
biomarkers. Most patients with ACLF (92%) had associated
AKI, in most cases without previous CKD, whereas some
had AKI on CKD (70% and 22%, respectively). The
prevalence of AKI in patients without ACLF was 35%
(p<0.001 vs. ACLF). The frequency of CKD alone was low
and similar in both groups (4% and 3%, respectively); only
a few patients with ACLF (4%) had no kidney dysfunction.
They further observed that AKI in ACLF was associated
with poor patient outcomes compared with no ACLF (AKI
resolution: 54% vs. 89%; 3-month survival: 51% vs. 86%,
respectively; p <0.001 for both). The independent predictive
factors of 3-month survival were MELD-Na, ACLF
status, and urine NGAL. Intriguingly, patients with ACLF
associated with AKI on CKD had better survival compared
to those with AKI without CKD (68% vs. 31%, respectively;
p<0.001). The authors concluded that AKI is almost
universal in patients with ACLF, sometimes associated with
CKD, whereas CKD alone is uncommon. The prognosis of
AKI depends on ACLF status. AKI on CKD was associated
with better kidney and patient outcomes compared with
those of AKI alone, with a lower rate of progression of AKI
and a higher survival rate. The reason for these paradoxical
findings is unknown and deserves investigation.

Statement

The prevalence of CKD alone is uncommon in ACLF
patients and occurs mostly concomitantly with AKI.
Limited data suggests that the presence of CKD does
not confer worse outcomes in these patients. However,
the impact of underlying CKD in patients with ACLF
needs further prospective studies. [LoE4, WEAK
RECOMMENDATION, CONSENSUS 79%].
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Section VII: Nutrition in AKI
Recommendation 1a

Protein restriction should not be pursued in patients
with ACLF and AKI. [LoES5, weak recommendation,
consensus 97%].

Recommendation 1b

Patients with ACLF with AKI on CRRT have a
high catabolic state and 1.5-2 gm/kg of protein
should be prescribed for such patients. [LoES, weak
recommendation, consensus 97%].

Limitations

The current practise guidelines are an endeavor for framing
an approach toward the diagnosis and management of AKI
in ACLF. The consensus document is based on the opinions
of experts involved in the management of this very sick
group of patients. However, the major limitation is the
lack of robust data supporting various recommendations.
This also highlights the need for developing randomized
clinical trials and multicentric studies exploring most of
these clinical questions which are faced day to day in the
management of AKI in ACLF patients.

Summary

The current consensus document is the guidance on clini-
cal management of AKI in ACLF patients. The guidelines
have been developed by involving experts across the globe
dealing with managing AKI in ACLF patients. AKI is the
most frequent extrahepatic organ involved in these patients
and also follows a rapidly progressive course. Pathophysi-
ologically, AKI is dominated by a higher prevalence of
structural kidney damage secondary to circulatory dys-
function, acute worsening of portal hypertension, and
intense systemic inflammation causing mitochondrial dys-
function. Prevention is the key, and all efforts should be
made to avoid nephrotoxic agents which could precipitate
AKI in patients with ACLF. Appropriate maintenance of
MAP and regular monitoring of renal functions should be
instituted for early detection of AKI. Whether long-term
use of albumin could be useful in patients with ACLF in
preventing AKI remains to be investigated.

Research priorities

Patients with ACLF have a rapidly progressive AKI
which is more often structural and responds poorly to
the current treatment modalities. CN, which is caused
by injury secondary to bile acids, and high bilirubin in
the presence of systemic inflammation is more often
encountered in these patients with ACLF. CN is difficult
to diagnose due to lack of a histological diagnosis.
Prospective studies looking at pathophysiology, role
of non-invasive biomarkers in diagnosing CN, its
differentiation from ATN, and the role of extracorporeal
therapies are needed. Similarly, large prospective studies
are required for exploring the role of biomarkers in the
diagnosis of subclinical AKI, predicting the course, need
of RRT, and recovery from RRT in ACLF patients with
AKI. Biomarkers of host response identifying adaptive
versus a maladaptive repair could risk stratify patients
developing AKD or CKD after an AKI episode. The fluid
management protocols should be guided by dynamic
indices (esp. the lung ultrasound) considering higher risk
of these patients getting cardiopulmonary complications.
Also, early initiation of albumin in stage 1 AKI and
initiation of vasoconstrictors based on dynamic assessment
could improve the overall outcomes. Extracorporeal
therapies, for instance therapeutic plasma exchange
and cytokine hemadsorption by ameliorating systemic
inflammation, could be promising adjunctive strategy
in the management of AKI which should be explored in
multicentric randomized controlled trials. For the same
reason, CRRT could be a better modality compared to
intermittent modes of dialysis, which should be initiated
timely in non-responders to terlipressin or in ATN patients.
Natural history and mechanistic studies, exploring
transition of AKI to AKD or CKD in ACLF patients, are
an unmet need. Considering the poor outcomes and rapid
progression of stage 3 AKI, studies on whether routine
admission of these patients to the intensive care unit
enabling intensive monitoring of the acid-base, urine
output, and intraabdominal pressure could improve overall
outcomes are needed. Whether outcomes of ACLF patients
on dialysis with or without oliguria are different needs to
be studied. Patient selection for liver transplant versus a
simultaneous liver—kidney transplant is also not known..
Outcomes of liver transplant alone in ACLF patients on
a short duration of dialysis are required from prospective
controlled studies from high-volume centers. Last but not
the least, models predicting futility of liver transplant,
dialysis and intensive care unit are urgently needed in
these patients. The current initiative by APASL shows the
vacuum in the management of AKI in ACLF patients. We
would encourage focused studies exploring these aspects
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which enable the current consensus to be updated by good
quality evidence in the near future.

Author contributions Rakhi Maiwall, Satender Pal Singh, Phool
Chand, and Omkar Rudra drafted the manuscript. Paolo Angeli,
Richard Moreau, Aleksander Krag, Ashwani K. Singal, Manoj
Kumar Sharma, Subhash Gupta, Shalimar, Anand Kulkarni, and
Nipun Verma provided inputs and edited and critically revised the
manuscript. Virender Singh, S.S.Tan, Puneet Puri, Mamun Mahtab,
George Lau, Qin Ning, P.N.Rao, Dharmesh Kapoor, Ajay Duseja,
Manav Wadhawan, Dinesh Jothimani, Sanjiv Saigal, Sunil Taneja,
Akash Shukla, Pankaj Puri, Deepak Govil, Gaurav Pandey, Kaushal
Madan, Sunil Taneja, C.E.Eapen, Jaya Benjamin, Ashok Chowdhury,
Shweta Singh, Vaishali Salao, Jin Mo Yang, Saeed Hamid, Sanjiv
Jasuja, Madund A Niriella, Harsh Vardhan Tevethia, Vinod Arora,
R.P.Mathur, Akash Roy, Ankur Jindal, Neeraj Saraf, Arka De,
Narendra S Choudhury, and Rohit Mehtani reviewed and approved
the manuscript. Shiv Kumar Sarin reviewed the manuscript, critically
revised the manuscript, and approved it.

Funding None.

Declarations

Conflict of interest None of the authors (Rakhi Maiwall, Satender Pal
Singh, Paolo Angeli, Richard Moreau, Aleksander Krag, Virender
Singh, Ashwani K. Singal, S. S. Tan, Puneet Puri, Mamun Mahtab,
George Lau, Qin Ning, Manoj Kumar Sharma, P. N. Rao, Dharmesh
Kapoor, Subhash Gupta, Ajay Duseja, Manav Wadhawan, Dinesh
Jothimani, Sanjiv Saigal, Sunil Taneja, Akash Shukla, Pankaj Puri,
Deepak Govil, Gaurav Pandey, Kaushal Madan, C. E. Eapen, Jaya
Benjamin, Ashok Chowdhury, Shweta Singh, Vaishali Salao, Jin Mo
Yang, Saeed Hamid, Shalimar, Sanjiv Jasuja, Anand V. Kulkarni, Ma-
dund A Niriella, Harsh Vardhan Tevethia, Vinod Arora, R. P. Mathur,
Akash Roy, Ankur Jindal, Neeraj Saraf, Nipun Verma, Arka De, Nar-
endra S Choudhary, Rohit Mehtani, Phool Chand, Omkar Rudra, Shiv
Kumar Sarin) have conflict of interest pertaining to the current work.

References

1. Sarin SK, Chandan K, Zaigham A, et al. Acute-on-chronic
liver failure: consensus recommendations of the Asian Pacific
Association for the study of the liver (APASL). Hepatol Int.
2014;8:453-471

2. Sarin SK, Kumar A, Almeida JA, et al. Acute-on-chronic
liver failure: consensus recommendations of the Asian Pacific
Association for the study of the liver (APASL). Hepatol Int.
2009;3(269):282

3. Sarin SK, Choudhury A, Sharma MK, et al. Acute-on-chronic
liver failure: consensus recommendations of the Asian Pacific
association for the study of the liver (APASL): an update [pub-
lished correction appears in Hepatol Int. 2019 Nov, 13(6), pp.
826-828]. Hepatol Int. 2019;13:353-390

4. Piano S, Tonon M, Vettore E, et al. Incidence, predictors and
outcomes of acute-on-chronic liver failure in outpatients with
cirrhosis. J Hepatol. 2017;67(6):1177-1184

5. Wu T, LiJ, Shao L, et al. Development of diagnostic criteria
and a prognostic score for hepatitis B virus-related acute-on-
chronic liver failure. Gut. 2018;67(12):2181-2191. https://doi.
org/10.1136/gutjnl-2017-31464 1

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Association for the Study of the Liver. EASL Clini-
cal Practice Guidelines on acute-on-chronic liver failure. J
Hepatol. 2023;79:461-491

. Trebicka J, Fernandez J, Papp M, PREDICT STUDY

group of the EASL-CLIF CONSORTIUM, et al. PREDICT
identifies precipitating events associated with the clini-
cal course of acutely decompensated cirrhosis. J Hepatol.
2021;74:1097-1108

Jalan R, Yurdaydin C, Bajaj JS, et al. Toward an improved
definition of acute-on-chronic liver failure. Gastroenterology.
2014;147:4-10

Devarbhavi H, Choudhury AK, Sharma MK, et al. Drug-induced
acute-on-chronic liver failure in Asian patients. Am J Gastroen-
terol. 2019;114:929-937

Maiwall R, Sarin SK, Moreau R. Acute kidney injury in acute on
chronic liver failure. Hepatol Int. 2016;10:245-257

Maiwall R, Kumar S, Chandel SS, et al. AKI in patients with
acute on chronic liver failure is different from acute decompensa-
tion of cirrhosis. Hepatol Int. 2015;9:627-639

Maiwall R, Sarin SK, Kumar S, et al. Development of predis-
position, injury, response, organ failure model for predicting
acute kidney injury in acute on chronic liver failure. Liver Int.
2017;37:1497-1507

Maiwall R, Rastogi A, Pasupuleti SSR, et al. Natural history,
spectrum and outcome of stage 3 AKI in patients with acute-on-
chronic liver failure. Liver Int. 2022;42:2800-2814

Angeli P, Garcia-Tsao G, Nadim MK, et al. News in pathophysi-
ology, definition and classification of hepatorenal syndrome: a
step beyond the International Club of Ascites (ICA) consensus
document. J Hepatol. 2019;7:811-822

Amathieu R, Al-Khafaji A, Sileanu FEF, et al. Significance of
oliguria in critically ill patients with chronic liver disease. Hepa-
tology. 2017;66:1592-1600

Bianchi NA, Stavart LL, Altarelli M, et al. Association of oligu-
ria with acute kidney injury diagnosis, severity assessment, and
mortality among patients with critical illness. JAMA Netw Open.
2021;1(4): 2133094

Maiwall R, Pasupuleti SSR, Chandel SS, et al. Co-orchestration
of acute kidney injury and non-kidney organ failures in critically
ill patients with cirrhosis. Liver Int. 2021;41:1358-1369
Chawla LS, Bellomo R, Bihorac A, et al. Acute Disease Quality
Initiative Workgroup 16. Acute kidney disease and renal recov-
ery: consensus report of the Acute Disease Quality Initiative
(ADQI) 16 Workgroup. Nat Rev Nephrol. 2017;13:241-257
Maiwall R, Pasupuleti SSR, Hidam AK, et al. Non-resolution of
acute kidney injury in the first week portends the development of
chronic kidney disease in critically ill patients with cirrhosis. Ali-
ment Pharmacol Ther. 2023. https://doi.org/10.1111/apt.17639
Choudhury A, Kumar M, Sharma BC, APASL ACLF working
party, et al. Systemic inflammatory response syndrome in acute-
on-chronic liver failure: relevance of ‘golden window’: a pro-
spective study. J Gastroenterol Hepatol. 2017;32:1989-1997
Claria J, Stauber RE, Coenraad MJ, CANONIC Study Investi-
gators of the EASL-CLIF Consortium and the European Foun-
dation for the Study of Chronic Liver Failure (EF-CLIF), et al.
Systemic inflammation in decompensated cirrhosis: characteri-
zation and role in acute-on-chronic liver failure. Hepatology.
2016;64:1249-1264

Arroyo V, Angeli P, Moreau R, Investigators from the EASL-
CLIF Consortium, Grifols Chair and European Foundation for
the Study of Chronic Liver Failure (EF-Clif), et al. The systemic
inflammation hypothesis: Towards a new paradigm of acute
decompensation and multiorgan failure in cirrhosis. J Hepatol.
2021;74:670-685

Moreau R, Claria J, Aguilar F, CANONIC Study Investigators of
the EASL Clif Consortium; Grifols Chair; European Foundation


https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1111/apt.17639

Hepatology International

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

for the Study of Chronic Liver Failure (EF Clif), et al. Blood
metabolomics uncovers inflammation-associated mitochondrial
dysfunction as a potential mechanism underlying ACLF. J Hepa-
tol. 2020;72:688-701

Zaccherini G, Aguilar F, Caraceni P, et al. Assessing the role
of amino acids in systemic inflammation and organ failure in
patients with ACLF. J Hepatol. 2021;74:1117-1131

Claria J, Moreau R, Fenaille F, CANONIC Study Investigators
of the EASL Clif Consortium, Grifols Chair and the European
Foundation for the Study of Chronic Liver Failure (EF Clif),
et al. Orchestration of tryptophan-kynurenine pathway, acute
decompensation, and acute-on-chronic liver failure in cirrhosis.
Hepatology. 2019;69:1686-1701

van Slambrouck CM, Salem F, Meehan SM, et al. Bile cast
nephropathy is a common pathologic finding for kidney
injury associated with severe liver dysfunction. Kidney Int.
2013;84:192-197

Fickert P, Rosenkranz AR. Cholemic nephropathy reloaded.
Semin Liver Dis. 2020;40:91-100

Hofmann AF, Hagey LR. Bile acids: chemistry, pathochemis-
try, biology, pathobiology, and therapeutics. Cell Mol Life Sci.
2008;65:2461-2483

Lee J, Azzaroli F, Wang L, et al. Adaptive regulation of bile salt
transporters in kidney and liver in obstructive cholestasis in the
rat. Gastroenterology. 2001;121:1473-1484

Krones E, Eller K, Pollheimer MJ, et al. NorUrsodeoxycholic
acid ameliorates cholemic nephropathy in bile duct ligated mice.
J Hepatol. 2017;67:110-119

Brisen JH, Mederacke YS, Schmitz J, et al. Cholemic nephropa-
thy causes acute kidney injury and is accompanied by loss of
aquaporin 2 in collecting ducts. Hepatology. 2019;69:2107-2119
Nayak SL, Kumar M, Bihari C, et al. Bile cast nephropathy in
patients with acute kidney injury due to hepatorenal syndrome:
a post-mortem kidney biopsy study. J Clin Transl Hepatol.
2017;28(5):92-100

Kuwabara S, Goggins E, Okusa MD. The pathophysiol-
ogy of sepsis-associated AKI. Clin J Am Soc Nephrol.
2022;17(7):1050-1069. https://doi.org/10.2215/CIN.00850122
Maiwall R, Kumar G, Bharadwaj A, et al. AKI persistence at 48
h predicts mortality in patients with acute on chronic liver fail-
ure. Hepatol Int. 2017;11(6):529-539. https://doi.org/10.1007/
$12072-017-9822-1

Chen YY, Chen DQ, Chen L, et al. Microbiome-metabolome
reveals the contribution of gut-kidney axis on kidney disease. J
Transl Med. 2019;17(1):5. https://doi.org/10.1186/s12967-018-
1756-4. (Published 2019 Jan 3)

Qin N, Yang F, Li A, et al. Alterations of the human gut micro-
biome in liver cirrhosis. Nature. 2014;513(7516):59-64. https://
doi.org/10.1038/nature13568

Yang J, Kim CJ, Go YS, et al. Intestinal microbiota control
acute kidney injury severity by immune modulation. Kidney Int.
2020;98(4):932-946. https://doi.org/10.1016/j.kint.2020.04.048
Chawla LS, Bellomo R, Bihorac A, et al. Acute kidney dis-
ease and renal recovery: consensus report of the Acute Disease
Quality Initiative (ADQI) 16 Workgroup. Nat Rev Nephrol.
2017;13:241-257

Patidar KR, Naved MA, Grama A, et al. Acute kidney disease
is common and associated with poor outcomes in patients with
cirrhosis and acute kidney injury. J Hepatol. 2022;77:108-115
Tonon M, Rosi S, Gambino CG, et al. Natural history of
acute kidney disease in patients with cirrhosis. J Hepatol.
2021;74:578-583

Maiwall R, Kumar A, Bhardwaj A, et al. Cystatin C predicts
acute kidney injury and mortality in cirrhotics: a prospective
cohort study. Liver Int. 2018;38(4):654-664

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Maiwall R, Pasupuleti SSR, Bihari C, et al. Incidence, risk
factors, and outcomes of transition of acute kidney injury to
chronic kidney disease in cirrhosis: a prospective cohort study.
Hepatology. 2020;71:1009-1022

Bassegoda O, Huelin P, Ariza X, et al. Development of chronic
kidney disease after acute kidney injury in patients with cir-
rhosis is common and impairs clinical outcomes. J Hepatol.
2020;72:1132-1139

He L, Wei Q, Liu J, et al. AKI on CKD: heightened injury,
suppressed repair, and the underlying mechanisms. Kidney Int.
2017;92:1071-1083

Yazawa M, Maliakkal B, Nair S, et al. Longitudinal renal func-
tion in liver transplant recipients with acute-on-chronic liver
failure. Clin Transl Gastroenterol. 2020;11: e00185
Morales-Alvarez MC. Nephrotoxicity of antimicrobials and
antibiotics. Adv Chronic Kidney Dis. 2020;27:31-37
Patschan D, Patschan S, Buschmann 1, et al. Loop diuretics in
acute kidney injury prevention, therapy, and risk stratification.
Kidney Blood Press Res. 2019;44:457-464

Navis G, Faber HJ, de Zeeuw D, et al. ACE inhibitors and the
kidney. A risk-benefit assessment. Drug Saf. 1996;15:200-211
Guevara M, Fernandez-Esparrach G, Alessandria C, et al.
Effects of contrast media on renal function in patients with
cirrhosis: a prospective study. Hepatology. 2004;40:646—651
Campion D, Ponzo P, Risso A, et al. A prospective, mul-
ticenter, three-cohort study evaluating contrast-induced
acute kidney injury (CI-AKI) in patients with cirrhosis
[published online ahead of print, 2023 Oct 19]. J Hepatol.
2023;S0168-8278(23)05176-0.

Zang H, Liu F, Liu H, et al. Incidence, risk factors and out-
comes of acute kidney injury (AKI) in patients with acute-on-
chronic liver failure (ACLF) of underlying cirrhosis. Hepatol Int.
2016;10:807-818

Arora V, Vijayaraghavan R, Maiwall R, et al. Paracentesis-
induced circulatory dysfunction with modest-volume paracente-
sis is partly ameliorated by albumin infusion in acute-on-chronic
liver failure. Hepatology. 2020;72:1043-1055

Palsson R, Waikar SS. Renal functional reserve revisited. Adv
Chronic Kidney Dis. 2018;25(3):e1-e8

Hsu WF, Yu SH, Lin JT, et al. Renal effects of angiotensin-con-
verting enzyme inhibitors and angiotensin receptor blockers in
patients with liver cirrhosis: a nationwide cohort study. Gastro-
enterol Res Pract. 2019;10(2019):1743290

Tergast TL, Griemsmann M, Wedemeyer H, Cornberg M, Maa-
soumy B. Effects of renin—angiotensin inhibitors on renal func-
tion and the clinical course in patients with decompensated cir-
rhosis. Sci Rep. 2023;13(1):17486

Sersté T, Njimi H, Degré D, et al. The use of beta-blockers is
associated with the occurrence of acute kidney injury in severe
alcoholic hepatitis. Liver Int. 2015;35(8):1974—-1982

Claria J, Kent JD, Lopez-Parra M, et al. Effects of celecoxib and
naproxen on renal function in nonazotemic patients with cirrhosis
and ascites. Hepatology. 2005;41(3):579-587

Elia C, Graupera I, Barreto R, et al. Severe acute kidney injury
associated with non-steroidal anti-inflammatory drugs in cirrho-
sis: a case-control study. J Hepatol. 2015;63(3):593-600
Randjelovic P, Veljkovic S, Stojiljkovic N, Sokolovic D, Ilic I.
Gentamicin nephrotoxicity in animals: current knowledge and
future perspectives. EXCLI J. 2017;24(16):388-399. https://
doi.org/10.17179/excli2017-165. (PMID: 28507482; PMCID:
PMC5427480)

Vural A, Kogyigit I, San F, et al. Long-term protective effect
of N-acetylcysteine against amikacin-induced ototoxicity
in end-stage renal disease: a randomized trial. Perit Dial Int.
2018;38(1):57-62

@ Springer


https://doi.org/10.2215/CJN.00850122
https://doi.org/10.1007/s12072-017-9822-1
https://doi.org/10.1007/s12072-017-9822-1
https://doi.org/10.1186/s12967-018-1756-4
https://doi.org/10.1186/s12967-018-1756-4
https://doi.org/10.1038/nature13568
https://doi.org/10.1038/nature13568
https://doi.org/10.1016/j.kint.2020.04.048
https://doi.org/10.17179/excli2017-165
https://doi.org/10.17179/excli2017-165

Hepatology International

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

Kan W-C, Chen Y-C, Wu V-C, Shiao C-C. Vancomycin-associ-
ated acute kidney injury: a narrative review from pathophysiol-
ogy to clinical application. Int J Mol Sci. 2022;23(4):2052
Velez JCQ, Obadan NO, Kaushal A, et al. Vancomycin-associ-
ated acute kidney injury with a steep rise in serum creatinine.
Nephron. 2018;139:131-142

Ordooei Javan A, Shokouhi S, Sahraei Z. A review on colis-
tin nephrotoxicity. Eur J Clin Pharmacol. 2015;71(7):801-810.
https://doi.org/10.1007/s00228-015-1865-4. (Epub 2015 May
27 PMID: 26008213)

Shields RK, Anand R, Clarke LG, et al. Defining the inci-
dence and risk factors of colistin-induced acute kidney injury
by KDIGO criteria. PLoS ONE. 2017;12(3): e0173286. https://
doi.org/10.1371/journal.pone.0173286. (PMID: 28267779;
PMCID: PMC5340380)

Safdar A, Ma J, Saliba F, et al. Drug-induced nephrotoxicity
caused by amphotericin B lipid complex and liposomal ampho-
tericin B: a review and meta-analysis. Medicine (Baltimore).
2010;89(4):236-244

Wan ZH, Wang JJ, You SL, et al. Cystatin C is a biomarker for
predicting acute kidney injury in patients with acute-on-chronic
liver failure. World J Gastroenterol. 2013;28(19):9432-9438
Mauro E, Crespo G, Martinez-Garmendia A, et al. Cystatin C
and sarcopenia predict acute on chronic liver failure develop-
ment and mortality in patients on the liver transplant waiting list.
Transplantation. 2020;104(7):e188—e198

Jha P, Jha AK, Dayal VM, et al. Baseline serum cystatin C as a
marker of acute kidney injury in patients with acute-on-chronic
liver failure. Indian J Gastroenterol. 2021;40:563-571

Saha R, Sharma S, Mondal A, et al. Evaluation of serum kidney
injury markers FABP1, NGAL, cystatin C and the inflammatory
cytokine IL-18 in the detection of acute-on-chronic liver failure
(ACLF) associated acute kidney injury (AKI). Res Sq. 2022.
https://doi.org/10.21203/rs.3.rs-2186737/v1

Markwardt D, Holdt L, Steib C, et al. Plasma cystatin C is a
predictor of renal dysfunction, acute-on-chronic liver failure, and
mortality in patients with acutely decompensated liver cirrhosis.
Hepatology. 2017;66:1232-1241

Lul,Lin L, Ye C, et al. Serum NGAL is superior to cystatin ¢ in
predicting the prognosis of acute-on-chronic liver failure. Ann
Hepatol. 2019;18(1):155-164

Jiang QQ, Han MF, Ma K, et al. Acute kidney injury in acute-on-
chronic liver failure is different from in decompensated cirrhosis.
World J Gastroenterol. 2018;24(21):2300-2310

Barreto R, Elia C, Sola E, et al. Urinary neutrophil gelati-
nase-associated lipocalin predicts kidney outcome and death
in patients with cirrhosis and bacterial infections. J Hepatol.
2014;61(1):35-42. https://doi.org/10.1016/j.jhep.2014.02.023.
(Epub 2014 Mar 5 PMID: 24613364)

Kim TH, Seo YS, Kang SH, Korean Study Group of Portal
Hypertension, et al. Prognosis predictability of serum and urine
renal markers in patients with decompensated cirrhosis: a mul-
ticentre prospective study. Liver Int. 2020;40(12):3083-3092.
https://doi.org/10.1111/1iv.14631. (PMID: 32750739)

Huelin P, Sola E, Elia C, et al. Neutrophil gelatinase-associated
lipocalin for assessment of acute kidney injury in cirrhosis: a
prospective study. Hepatology. 2019;70(1):319-333. https://doi.
org/10.1002/hep.30592. (Epub 2019 Apr 25 PMID: 30810244)
Ariza X, Graupera I, Coll M, CANONIC Investigators, EASL
CLIF Consortium, et al. Neutrophil gelatinase-associated lipoca-
lin is a biomarker of acute-on-chronic liver failure and prognosis
in cirrhosis. J Hepatol. 2016;65:57-65

Ariza X, Sola E, Elia C, et al. Analysis of a urinary biomarker
panel for clinical outcomes assessment in cirrhosis. PLoS
ONE. 2015;10(6): e0128145. https://doi.org/10.1371/journal.
pone.0128145. (PMID: 26042740; PMCID: PMC4456079)

@ Springer

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Gambino C, Piano S, Stenico M, et al. Diagnostic and prog-
nostic performance of urinary neutrophil gelatinase-asso-
ciated lipocalin in patients with cirrhosis and acute kidney
injury. Hepatology. 2023;1(77):1630-1638. https://doi.org/10.
14309/ctg.0000000000000359. (PMID: 33979307; PMCID:
PMC8116001)

Tsai MH, Chen YC, Yang CW, et al. Acute renal failure in
cirrhotic patients with severe sepsis: value of urinary inter-
leukin-18. J Gastroenterol Hepatol. 2013;28(1):135-141.
https://doi.org/10.1111/.1440-1746.2012.07288.x. (PMID:
23034155)

Belcher JM, Sanyal AJ, Peixoto AJ, TRIBE-AKI Consor-
tium, et al. Kidney biomarkers and differential diagnosis of
patients with cirrhosis and acute kidney injury. Hepatology.
2014;60(2):622—632. https://doi.org/10.1002/hep.26980. (Epub
2014 Jun 26. PMID: 24375576; PMCID: PMC4065642)
Eguchi A, Hasegawa H, Iwasa M, et al. Serum liver-type fatty
acid-binding protein is a possible prognostic factor in human
chronic liver diseases from chronic hepatitis to liver cirrhosis and
hepatocellular carcinoma. Hepatol Commun. 2019;3(6):825-837.
https://doi.org/10.1002/hep4.1350. (PMID: 31168516; PMCID:
PMC6545868)

Kulkarni AV, Sharma M, Kumar P, et al. Adipocyte fatty
acid-binding protein as a predictor of outcome in alcohol-
induced acute-on-chronic liver failure. J Clin Exp Hepatol.
2021;11(2):201-208. https://doi.org/10.1016/j.jceh.2020.07.010.
(Epub 2020 Jul 28. PMID: 33746445; PMCID: PMC7953014)
Zhang CC, Hoffelt DAA, Merle U. Urinary cell cycle arrest bio-
marker [TIMP-2]-[IGFBP7] in patients with hepatorenal syn-
drome. Biomarkers. 2019;24(7):692-699. https://doi.org/10.
1080/1354750X.2019.1652347. (Epub 2019 Aug 22 PMID:
31389249)

Kerbert AJC, Gupta S, Alabsawy E, et al. Biomarkers of extracel-
lular matrix formation are associated with acute-on-chronic liver
failure. JHEP Rep. 2021;3: 100355. https://doi.org/10.1016/j.
jhepr.2021.100355. (Published 2021 Aug 27)

Lei L, Li LP, Zeng Z, et al. Value of urinary KIM-1 and NGAL
combined with serum Cys C for predicting acute kidney injury
secondary to decompensated cirrhosis. Sci Rep. 2018;8(1):7962
Levitsky J, Asrani SK, Abecassis M, et al. External valida-
tion of a pretransplant biomarker model (REVERSE) predic-
tive of renal recovery after liver transplantation. Hepatology.
2019;70(4):1349-1359. https://doi.org/10.1002/hep.30667.
(Epub 2019 May 28 PMID: 31002431)

Patidar KR, Xu C, Shamseddeen H, et al. Development and
validation of a model to predict acute kidney injury in hospital-
ized patients with cirrhosis. Clin Transl Gastroenterol. 2019;10:
e00075

Wang ML, Yin XJ, Li XL, et al. Retrospective analysis of the
clinical efficacy of n-acetylcysteine in the treatment of hepatitis
B virus related acute-on-chronic liver failure. Front Med (Laus-
anne). 2021;5(8): 724224

Kulkarni AV, Anand L, Vyas AK, et al. Omega-3 fatty acid
lipid emulsions are safe and effective in reducing endotox-
emia and sepsis in acute-on-chronic liver failure: An open-
label randomized controlled trial. J Gastroenterol Hepatol.
2021;36:1953-1961

Phillips M, Curtis H, Portmann B, et al. Antioxidants versus
corticosteroids in the treatment of severe alcoholichepatitis—a
randomised clinical trial. J Hepatol. 2006;44:784-790

Moreno C, Langlet P, Hittelet A, et al. Enteral nutrition with or
without N-acetylcysteine in the treatment of severe acute alcohol-
ichepatitis: a randomized multicenter controlled trial. J Hepatol.
2010;53:1117-1122


https://doi.org/10.1007/s00228-015-1865-4
https://doi.org/10.1371/journal.pone.0173286
https://doi.org/10.1371/journal.pone.0173286
https://doi.org/10.21203/rs.3.rs-2186737/v1
https://doi.org/10.1016/j.jhep.2014.02.023
https://doi.org/10.1111/liv.14631
https://doi.org/10.1002/hep.30592
https://doi.org/10.1002/hep.30592
https://doi.org/10.1371/journal.pone.0128145
https://doi.org/10.1371/journal.pone.0128145
https://doi.org/10.14309/ctg.0000000000000359
https://doi.org/10.14309/ctg.0000000000000359
https://doi.org/10.1111/j.1440-1746.2012.07288.x
https://doi.org/10.1002/hep.26980
https://doi.org/10.1002/hep4.1350
https://doi.org/10.1016/j.jceh.2020.07.010
https://doi.org/10.1080/1354750X.2019.1652347
https://doi.org/10.1080/1354750X.2019.1652347
https://doi.org/10.1016/j.jhepr.2021.100355
https://doi.org/10.1016/j.jhepr.2021.100355
https://doi.org/10.1002/hep.30667

Hepatology International

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Nguyen-Khac E, Thevenot T, Piquet MA, AAH-NAC Study
Group, et al. Glucocorticoids plus N-acetylcysteine in severe
alcohol-related hepatitis. N Engl J Med. 2011;365:1781-1789
Forrest E, Mellor J, Stanton L, et al. Steroids or pentoxifylline for
alcoholichepatitis (STOPAH): study protocol for a randomised
controlled trial. Trials. 2013;19(14):262. https://doi.org/10.1186/
1745-6215-14-262

Szabo G, Mitchell M, McClain CJ, et al. IL-1 receptor antagonist
plus pentoxifylline and zinc for severe alcohol-associated hepa-
titis. Hepatology. 2022;76:1058-1068

Singh V, Keisham A, Bhalla A, et al. Efficacy of granulocyte
colony-stimulating factor and N-acetylcysteine therapies in
patients with severe alcoholic hepatitis. Clin Gastroenterol Hepa-
tol. 2018;16:1650-1656.e2

Lee WM, Hynan LS, Rossaro L, et al. Intravenous N-acetyl-
cysteine improves transplant-free survival in early stage non-
acetaminophen acute liver failure [published correction appears
in Gastroenterology. 2013 Sep;145(3):695. Dosage error in arti-
cle text]. Gastroenterology. 2009;137(3):856-864.e1

Walayat S, Shoaib H, Asghar M, Kim M, Dhillon S. Role of
N-acetylcysteine in non-acetaminophen-related acute liver fail-
ure: an updated meta-analysis and systematic review. Ann Gas-
troenterol. 2021;34(2):235-240

Wang ML, Yin XJ, Li XL, et al. Retrospective analysis of the
clinical efficacy of N-acetylcysteine in the treatment of hepatitis
B virus related acute-on-chronic liver failure. Front Med (Laus-
anne). 2021;8: 724224 (Published 2021 Aug 5)

Bai Z, Méndez-Sanchez N, Romeiro FG, et al. Use of albumin
infusion for cirrhosis-related complications: An international
position statement. JHEP Rep. 2023;5(8): 100785 (Published
2023 May 5)

Sort P, Navasa M, Arroyo V, et al. Effect of intravenous albu-
min on renal impairment and mortality in patients with cir-
rhosis and spontaneous bacterial peritonitis. N Engl J Med.
1999;341(6):403-409

European Association for the Study of the Liver. EASL clinical
practice guidelines on the management of ascites, spontaneous
bacterial peritonitis, and hepatorenal syndrome in cirrhosis. J
Hepatol. 2010;53:397-417

Fernandez J, Claria J, Amords A, et al. Effects of albumin treat-
ment on systemic and portal hemodynamics and systemic inflam-
mation in patients with decompensated cirrhosis. Gastroenterol-
ogy. 2019;157:149-162

Mookerjee RP, Stadlbauer V, Lidder S, et al. Neutrophil dysfunc-
tion in alcoholic hepatitis superimposed on cirrhosis is reversible
and predicts the outcome. Hepatology. 2007;46(3):831-840
Engelmann C, Herber A, Franke A, et al. Granulocyte-colony
stimulating factor (G-CSF) to treat acute-on-chronic liver fail-
ure: a multicenter randomized trial (GRAFT study). J Hepatol.
2021;75:1346-1354

Engelmann C, Habtesion A, Hassan M, et al. Combination of
G-CSF and a TLR4 inhibitor reduce inflammation and pro-
mote regeneration in a mouse model of ACLF. J Hepatol.
2022;77:1325-1338

Martin-Mateos R, Gonzalez-Alonso R, Alvarez-Diaz N, et al.
Granulocyte-colony stimulating factor in acute-on-chronic liver
failure: systematic review and meta-analysis of randomized con-
trolled trials. Gastroenterol Hepatol. 2023;46:350-359

Moreau R, Rautou PE. G-CSF therapy for severe alcohol-related
hepatitis: targeting liver regeneration or neutrophil function? Am
J Gastroenterol. 2014;109:1424-1426

Engelmann C, Martino VD, Kerbert AJC, et al. The current status
of granulocyte-colony stimulating factor to treat acute-on-chronic
liver failure. Semin Liver Dis. 2021;41:298-307

Duan XZ, Liu FF, Tong JJ, et al. Granulocyte-colony stimulat-
ing factor therapy improves survival in patients with hepatitis B

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

virus-associated acute-on-chronic liver failure. World J Gastro-
enterol. 2013;21(19):1104-1110

Garg V, Garg H, Khan A, et al. Granulocyte colony-stimulat-
ing factor mobilizes CD34(+4) cells and improves survival of
patients with acute-on-chronic liver failure. Gastroenterology.
2012;142:505-512.el

Altered frequencies of dendritic cells and IFN-gamma-secreting
T cells with granulocyte colony-stimulating factor (G-CSF) ther-
apy in acute-on- chronic liver failure. Liver Int. 2014 ;34:505-13.
Marot A, Singal AK, Moreno C, et al. A systematic review
and meta-analysis of randomised controlled trials. JHEP Rep.
2020;18(2): 100139

Singh V, Sharma AK, Narasimhan RL, et al. Granulocyte colony-
stimulating factor in severe alcoholichepatitis: a randomized pilot
study. Am J Gastroenterol. 2014;109:1417-1423

Mookerjee RP, Pavesi M, Thomsen KL, CANONIC Study Inves-
tigators of the EASL-CLIF Consortium, et al. Treatment with
non-selective beta blockers is associated with reduced severity
of systemic inflammation and improved survival of patients with
acute-on-chronic liver failure. J Hepatol. 2016;64:574-582
Kumar M, Kainth S, Choudhury A, et al. Treatment with
carvedilol improves survival of patients with acute-on-chronic
liver failure: a randomized controlled trial. Hepatol Int.
2019;13:800-813

Kulkarni AV, Tirumalle S, Premkumar M, et al. Primary nor-
floxacin prophylaxis for APASL-defined acute-on-chronic liver
failure: a placebo-controlled double-blind randomized trial. Am
J Gastroenterol. 2022;1(117):607-616

Ostermann M, Liu K, Kashani K. Fluid management in acute kid-
ney injury. Chest. 2019;156:594—603. https://doi.org/10.1016/j.
chest.2019.04.004. (Epub 2019 Apr 16)

Kellum JA, Romagnani P, Ashuntantang G, et al. Acute kidney
injury. Nat Rev Dis Primers. 2021;15(7):52. https://doi.org/10.
1038/541572-021-00284-z

Singbartl K, Kellum JA. AKI in the ICU: definition, epi-
demiology, risk stratification, and outcomes. Kidney Int.
2012;81:819-825

Chuang CL. Fluid management in acute kidney injury. Contrib
Nephrol. 2016;187:84-93

Malbrain MLNG, Van Regenmortel N, Saugel B, et al. Principles
of fluid management and stewardship in septic shock: it is time
to consider the four D’s and the four phases of fluid therapy. Ann
Intensive Care. 2018;22(8):66

Hoste EA, Maitland K, Brudney CS, ADQI XII Investigators
Group, et al. Four phases of intravenous fluid therapy: a concep-
tual model. Br J Anaesth. 2014;113:740-747

Vaara ST, Ostermann M, Bitker L, REVERSE-AKI study team,
et al. Restrictive fluid management versus usual care in acute
kidney injury (REVERSE-AKI): a pilot randomized controlled
feasibility trial. Intensive Care Med. 2021;47:665-673. https://
doi.org/10.1007/s00134-021-06401-6

Grissom CK, Hirshberg EL, Dickerson JB, National Heart Lung
and Blood Institute Acute Respiratory Distress Syndrome Clini-
cal Trials Network, et al. Fluid management with a simplified
conservative protocol for the acute respiratory distress syn-
drome*. Crit Care Med. 2015;43:288-295

Philips CA, Maiwall R, Sharma MK, et al. Comparison of
5% human albumin and normal saline for fluid resuscitation
in sepsis induced hypotension among patients with cirrho-
sis (FRISC study): a randomized controlled trial. Hepatol Int.
2021;15:983-994

Finfer S, Bellomo R, Boyce N, SAFE Study Investigators, et al.
A comparison of albumin and saline for fluid resuscitation in the
intensive care unit. N Engl J Med. 2004;350:2247-2256
Maiwall R, Kumar A, Pasupuleti SSR, et al. A randomized-con-
trolled trial comparing 20% albumin to PlasmaLyte in patients

@ Springer


https://doi.org/10.1186/1745-6215-14-262
https://doi.org/10.1186/1745-6215-14-262
https://doi.org/10.1016/j.chest.2019.04.004
https://doi.org/10.1016/j.chest.2019.04.004
https://doi.org/10.1038/s41572-021-00284-z
https://doi.org/10.1038/s41572-021-00284-z
https://doi.org/10.1007/s00134-021-06401-6
https://doi.org/10.1007/s00134-021-06401-6

Hepatology International

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

with cirrhosis and sepsis-induced hypotension [ALPS trial]. J
Hepatol. 2022;77:670-682

Sen A, Keener CM, Sileanu FE, et al. Chloride content of fluids
used for large-volume resuscitation is associated with reduced
survival. Crit Care Med. 2016;45:e146—153

Van Haren F. Personalised fluid resuscitation in the ICU: still a
fluid concept? Crit Care. 2017;21(suppl 3):313

Young P, Bailey M, Beasley R, et al. Effect of a buffered crystal-
loid solution vs saline on acute kidney injury among patients
in the intensive care unit: the SPLIT randomized clinical trial.
JAMA. 2015;314:1701-1710

Reddy SK, Bailey MJ, Beasley RW, et al. A protocol for the 0.9%
saline versus Plasma-Lyte 148 for intensive care fluid therapy
(SPLIT) study. Crit Care Resusc. 2014;16(4):274-279

Semler MW, Self WH, Wanderer JP, et al. Balanced crys-
talloids versus saline in critically ill adults. N Engl J Med.
2018;378(9):829-839. https://doi.org/10.1056/NEIMoal 711584
Finfer S, Micallef S, Hammond N, PLUS Study Investigators
and the Australian New Zealand Intensive Care Society Clinical
Trials Group, et al. Balanced multielectrolyte solution versus
saline in critically ill adults. N Engl J Med. 2022;386:815-826
Beaubien-Souligny W, Trott T, Neyra JA. How to determine
fluid management goals during continuous kidney replacement
therapy in patients with AKI: focus on POCUS. Kidney360.
2022;3:1795-1806

Caraceni P, Riggio O, Angeli P, ANSWER Study Investiga-
tors, et al. Long-term albumin administration in decompensated
cirrhosis (ANSWER): an open-label randomised trial. Lancet.
2018;391(10138):2417-2429. https://doi.org/10.1016/S0140-
6736(18)30840-7. (Epub 2018 Jun 1. Erratum in: Lancet.
2018 Aug 4;392(10145):386. PMID: 29861076)

Goldstein SL. Fluid management in acute kidney injury. J Inten-
sive Care Med. 2014;29:183-189

Nadeau-Fredette AC, Bouchard J. Fluid management and use
of diuretics in acute kidney injury. Adv Chronic Kidney Dis.
2013;20:45-55

Zhou S, Zeng Z, Wei H, et al. Early combination of albumin with
crystalloids administration might be beneficial for the survival
of septic patients: a retrospective analysis from MIMIC-1V data-
base. Ann Intensive Care. 2021;11:42

Barjaktarevic I, Toppen WE, Hu S, et al. Ultrasound assessment
of the change in carotid corrected flow time in fluid responsive-
ness in undifferentiated shock. Crit Care Med. 2018;46:¢1040-
€1046. https://doi.org/10.1097/CCM.0000000000003356

Jalil B, Thompson P, Cavallazzi R, et al. Comparing changes in
carotid flow time and stroke volume induced by passive leg rais-
ing. Am J Med Sci. 2018;355:168-173. https://doi.org/10.1016/j.
amjms.2017.09.006

Slama M, Masson H, Teboul JL, et al. A new index of hypov-
olemia and fluid responsiveness. Am J Physiol Heart Circ Phys-
iol. 2002;283:H1729-H1733. https://doi.org/10.1152/ajpheart.
00308.2002

KDIGO AKI Work Group. KDIGO clinical practice guideline
for acute kidney injury. Kidney Int Suppl. 2012;2:1-138
Hjortrup PB, Haase N, Bundgaard H, et al. Restricting volumes
of resuscitation fluid in adults with septic shock after initial man-
agement: the CLASSIC randomised, parallel-group, multicentre
feasibility trial. Intensive Care Med. 2016;42:1695-1705

China L, Freemantle N, Forrest E, et al. A randomized trial of
albumin infusions in hospitalized patients with cirrhosis. N Engl
J Med. 2021;4(384):808-817

Premkumar M, Kajal K, Reddy KR, et al. Evaluation of terli-
pressin-related patient outcomes in hepatorenal syndrome-acute
kidney injury using point-of-care echocardiography. Hepatology.
2023. https://doi.org/10.1097/HEP.0000000000000691. (Pub-
lished online November 17, 2023)

@ Springer

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Wong F, Pappas SC, Curry MP, CONFIRM Study Investigators,
et al. Terlipressin plus albumin for the treatment of type 1 hepa-
torenal syndrome. N Engl J Med. 2021;4(384):818-828

Arora V, Maiwall R, Rajan V, et al. Terlipressin is superior to
noradrenaline in the management of acute kidney injury in acute
on chronic liver failure. Hepatology. 2020;71:600-610

Jindal A, Bhadoria AS, Maiwall R, et al. Evaluation of acute
kidney injury and its response to terlipressin in patients with
acute-on-chronic liver failure. Liver Int. 2016;36:59-67
Massicotte L, Perrault MA, Denault AY, et al. Effects of phle-
botomy and phenylephrine infusion on portal venous pressure
and systemic hemodynamics during liver transplantation. Trans-
plantation. 2010;89:920-927

Moreau R, Barriere E, Tazi KA, et al. Terlipressin inhibits in vivo
aortic iNOS expression induced by lipopolysaccharide in rats
with biliary cirrhosis. Hepatology. 2002;36:1070-1078

Piano S, Gambino C, Vettore E, et al. Response to terlipres-
sin and albumin is associated with improved liver transplant
outcomes in patients with hepatorenal syndrome. Hepatology.
2021;73:1909-1919

Singh H, Jindal A, Sharma MK, et al. Early versus standard
initiation of terlipressin for HRS-AKI In ACLF—a randomized
controlled trial (eTerli study) abstracts. Hepatology. 2022. https://
doi.org/10.1002/hep.32697

Boyer TD, Sanyal AJ, Garcia-Tsao G, et al. Predictors of response
to terlipressin plus albumin in hepatorenal syndrome (HRS) type
1: relationship of serum creatinine to hemodynamics. J Hepatol.
2011;55(2):315-321. https://doi.org/10.1016/j.jhep.2010.11.020
Nazar A, Pereira GH, Guevara M, et al. Predictors of response to
therapy with terlipressin and albumin in patients with cirrhosis
and type 1 hepatorenal syndrome. Hepatology. 2010;51(1):219—
226. https://doi.org/10.1002/hep.23283

Velez JC, Nietert PJ. Therapeutic response to vasoconstrictors
in hepatorenal syndrome parallels increase in mean arterial
pressure: a pooled analysis of clinical trials. Am J Kidney Dis.
2011;58(6):928-938. https://doi.org/10.1053/j.ajkd.2011.07.017
Zheng X, Lian Y, Wang P, et al. Mean arterial pressure drop is an
independent risk factor of hepatorenal syndrome in patients with
HBV-ACLF. Eur J Gastroenterol Hepatol. 2022;34(5):576-584.
https://doi.org/10.1097/MEG.0000000000002314

Maiwall R, Rao Pasupuleti SS, Hidam AK, et al. A randomised-
controlled trial (TARGET-C) of high vs low target mean arterial
pressure in patients with cirrhosis and septic shock. J Hepatol.
2023;79:349-361

Cavallin M, Piano S, Romano A, et al. Terlipressin given by
continuous intravenous infusion versus intravenous boluses in
the treatment of hepatorenal syndrome: a randomized controlled
study. Hepatology. 2016;63(3):983-992. https://doi.org/10.1002/
hep.28396

Singh V, Ghosh S, Singh B, et al. Noradrenaline vs terlipressin
in the treatment of hepatorenal syndrome: a randomized study. J
Hepatol. 2012;56(6):1293-1298. https://doi.org/10.1016/j.jhep.
2012.01.012. (Epub 2012 Feb 6. PMID: 22322237)

Boyer TD, Sanyal AJ, Wong F, REVERSE Study Investiga-
tors, et al. Terlipressin plus albumin is more effective than
albumin alone in improving renal function in patients with
cirrhosis and hepatorenal syndrome type 1. Gastroenterology.
2016;150(7):1579-1589.e2. https://doi.org/10.1053/j.gastro.
2016.02.026. (Epub 2016 Feb 16 PMID: 26896734)

Sharma P, Kumar A, Shrama BC, Sarin SK. An open label, pilot,
randomized controlled trial of noradrenaline versus terlipressin in
the treatment of type 1 hepatorenal syndrome and predictors of
response. Am J Gastroenterol. 2008;103(7):1689—-1697. https://
doi.org/10.1111/j.1572-0241.2008.01828.x. (Epub 2008 Jun 28
PMID: 18557715)


https://doi.org/10.1056/NEJMoa1711584
https://doi.org/10.1016/S0140-6736(18)30840-7
https://doi.org/10.1016/S0140-6736(18)30840-7
https://doi.org/10.1097/CCM.0000000000003356
https://doi.org/10.1016/j.amjms.2017.09.006
https://doi.org/10.1016/j.amjms.2017.09.006
https://doi.org/10.1152/ajpheart.00308.2002
https://doi.org/10.1152/ajpheart.00308.2002
https://doi.org/10.1097/HEP.0000000000000691
https://doi.org/10.1002/hep.32697
https://doi.org/10.1002/hep.32697
https://doi.org/10.1016/j.jhep.2010.11.020
https://doi.org/10.1002/hep.23283
https://doi.org/10.1053/j.ajkd.2011.07.017
https://doi.org/10.1097/MEG.0000000000002314
https://doi.org/10.1002/hep.28396
https://doi.org/10.1002/hep.28396
https://doi.org/10.1016/j.jhep.2012.01.012
https://doi.org/10.1016/j.jhep.2012.01.012
https://doi.org/10.1053/j.gastro.2016.02.026
https://doi.org/10.1053/j.gastro.2016.02.026
https://doi.org/10.1111/j.1572-0241.2008.01828.x
https://doi.org/10.1111/j.1572-0241.2008.01828.x

Hepatology International

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Cavallin M, Kamath PS, Merli M, Italian Association for the
Study of the Liver Study Group on Hepatorenal Syndrome, et al.
Terlipressin plus albumin versus midodrine and octreotide plus
albumin in the treatment of hepatorenal syndrome: a randomized
trial. Hepatology. 2015;62(2):567-574. https://doi.org/10.1002/
hep.27709. (Epub 2015 Feb 13 PMID: 25644760)

Sola E, Solé C, Simén-Talero M, et al. Midodrine and albumin
for prevention of complications in patients with cirrhosis await-
ing liver transplantation. A randomized placebo-controlled trial.
J Hepatol. 2018;69(6):1250-1259. https://doi.org/10.1016/j.jhep.
2018.08.006. (Epub 2018 Aug 21 PMID: 30138685)

Solanki P, Chawla A, Garg R, et al. Beneficial effects of ter-
lipressin in hepatorenal syndrome: a prospective, randomized
placebo-controlled clinical trial. J Gastroenterol Hepatol.
2003;18(2):152-156. https://doi.org/10.1046/j.1440-1746.2003.
02934.x. (PMID: 12542598)

Alessandria C, Ottobrelli A, Debernardi-Venon W, et al.
Noradrenalin vs terlipressin in patients with hepatorenal syn-
drome: a prospective, randomized, unblinded, pilot study. J
Hepatol. 2007;47(4):499-505. https://doi.org/10.1016/j.jhep.
2007.04.010. (Epub 2007 May 24 PMID: 17560680)

Sanyal AJ, Boyer T, Garcia-Tsao G, Terlipressin Study Group,
et al. A randomized, prospective, double-blind, placebo-con-
trolled trial of terlipressin for type 1 hepatorenal syndrome.
Gastroenterology. 2008;134(5):1360-1368. https://doi.org/10.
1053/j.gastro.2008.02.014

STARRT-AKI Investigators; Canadian Critical Care Trials
Group; Australian and New Zealand Intensive Care Society
Clinical Trials Group. Timing of initiation of renal-replacement
therapy in acute kidney injury [published correction appears in N
Engl J Med. 2020 Jul 15;:]. N Engl J Med. 2020;383(3):240-251.
https://doi.org/10.1056/NEJMo0a2000741

Zarbock A, Kellum JA, Schmidt C, et al. Effect of early vs
delayed initiation of renal replacement therapy on mortality in
critically ill patients with acute kidney injury: the ELAIN rand-
omized clinical trial. JAMA. 2016;24-31(315):2190-2199
Gaudry S, Hajage D, Schortgen F, et al. Initiation strategies for
renal-replacement therapy in the intensive care unit. N Engl J
Med. 2016;375:122-133

Gaudry S, Hajage D, Schortgen F, et al. Timing of renal sup-
port and outcome of septic shock and acute respiratory distress
syndrome. A post hoc analysis of the AKIKI randomized clinical
trial. Am J Respir Crit Care Med. 2018;1(198):58-66

Lin WT, Lai CC, Chang SP, Wang JJ. Effects of early dialysis on
the outcomes of critically ill patients with acute kidney injury:
a systematic review and meta-analysis of randomized controlled
trials. Sci Rep. 2019;9(1):18283

Gaudry S, Hajage D, Martin-Lefevre L, et al. Comparison
of two delayed strategies for renal replacement therapy ini-
tiation for severe acute kidney injury (AKIKI 2): a mul-
ticentre, open-label, randomised, controlled trial. Lancet.
2021;397(10281):1293-1300

Maiwall R, Hidam A, Kadyan S, et al. Early versus late con-
tinuous renal replacement therapy in ACLF patients with septic
shock and acute kidney injury. Hepatology. 2022;76(S1):S122.
https://doi.org/10.1002/hep.32697

Meersch M, Kiillmar M, Schmidt C, et al. Long-term clinical
outcomes after early initiation of rrt in critically ill patients with
AKI. J Am Soc Nephrol. 2018;29:1011-1019

Harvey AK, Burns KEA, McArthur E, et al. Short-and long-term
outcomes of sustained low efficiency dialysis vs continuous renal
replacement therapy in critically ill patients with acute kidney
injury. J Crit Care. 2021;62:76-81

Tolwani AJ, Wheeler TS, Wille KM. Sustained low-efficiency
dialysis. Contrib Nephrol. 2007;156:320-324

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Neyra JA, Tolwani A. CRRT prescription and delivery of dose.
Semin Dial. 2021;34:432-439

Macedo E, Claure-Del Granado R, Mehta RL. Effluent volume
and dialysis dose in CRRT: time for reappraisal. Nat Rev Neph-
rol. 2011;8(1):57-60

Ronco C, Bellomo R. New CRRT systems: impact on dose deliv-
ery. Am J Kidney Dis. 1997;30(5 Suppl 4):S15-S19

Warrillow S, Fisher C, Tibballs H, Australasian Management of
Acute Liver Failure Investigators (AMALFI), et al. Continuous
renal replacement therapy and its impact on hyperammonaemia
in acute liver failure. Crit Care Resusc. 2020;22(2):158-165
Fayad Al, Buamscha DG, Ciapponi A. Intensity of continuous
renal replacement therapy for acute kidney injury. Cochrane
Database Syst Rev. 2016;10:CD010613

Cardoso FS, Gottfried M, Tujios S, US Acute Liver Failure Study
Group, et al. Continuous renal replacement therapy is associated
with reduced serum ammonia levels and mortality in acute liver
failure. Hepatology. 2018;67:711-720

Fisher C, Baldwin I, Fealy N, et al. Ammonia clearance with
different continuous renal replacement therapy techniques in
patients with liver failure. Blood Purif. 2022;51:840-846
Saraiva IE, Ortiz-Soriano VM, Mei X, et al. Continuous renal
replacement therapy in critically ill patients with acute on chronic
liver failure and acute kidney injury: a retrospective cohort study.
Clin Nephrol. 2020;93:187-194

Schultheis C, Saugel B, Phillip V, et al. Continuous venovenous
hemodialysis with regional citrate anticoagulation in patients
with liver failure: a prospective observational study. Crit Care.
2012;22(16):R162

Patel S, Wendon J. Regional citrate anticoagulation in patients
with liver failure—time for a rethink? Crit Care. 2012;17(16):153
Zhang W, Bai M, Yu Y, et al. Safety and efficacy of regional
citrate anticoagulation for continuous renal replacement therapy
in liver failure patients: a systematic review and meta-analysis.
Crit Care. 2019;23(1):22

Staufer K, Roedl K, Kivaranovic D, et al. Renal replacement
therapy in critically ill liver cirrhotic patients-outcome and clini-
cal implications. Liver Int. 2017;37:843-850

Wang PL, Silver SA, Djerboua M, et al. Recovery from dialysis-
treated acute kidney injury in patients with cirrhosis: a popula-
tion-based study. Am J Kidney Dis. 2022;80:55-64.¢l

Del Risco-Zevallos J, Anddjar AM, Piiieiro G, et al. Manage-
ment of acute renal replacement therapy in critically ill cirrhotic
patients. Clin Kidney J. 2022;28(15):1060-1070

Allegretti AS, Parada XV, Eneanya ND, et al. Prognosis of
patients with cirrhosis and AKI who initiate RRT. Clin J] Am
Soc Nephrol. 2018;13:16-25

Zhang S, Suen SC, Gong CL, et al. Early transplantation maxi-
mizes survival in severe acute-on-chronic liver failure: results
of a Markov decision process model. JHEP Rep. 2021;23(3):
100367

Goussous N, Xie W, Zhang T, et al. Acute on chronic liver fail-
ure: factors associated with transplantation. Transplant Direct.
2021;7(12):¢788

Artru F, Louvet A, Ruiz I, et al. Liver transplantation in the most
severely ill cirrhotic patients: a multicenter study in acute-on-
chronic liver failure grade 3. J Hepatol. 2017;67:708-715

Belli LS, Duvoux C, Artzner T, et al. Liver transplantation for
patients with acute-on-chronic liver failure (ACLF) in Europe:
results of the ELITA/EF-CLIF collaborative study (ECLIS). J
Hepatol. 2021;75:610-622

Choudhury A, Vijayaraghavan R, Maiwall R, APASL ACLF
Research Consortium (AARC) for APASL ACLF Working Party,
et al. ‘First week’ is the crucial period for deciding living donor

@ Springer


https://doi.org/10.1002/hep.27709
https://doi.org/10.1002/hep.27709
https://doi.org/10.1016/j.jhep.2018.08.006
https://doi.org/10.1016/j.jhep.2018.08.006
https://doi.org/10.1046/j.1440-1746.2003.02934.x
https://doi.org/10.1046/j.1440-1746.2003.02934.x
https://doi.org/10.1016/j.jhep.2007.04.010
https://doi.org/10.1016/j.jhep.2007.04.010
https://doi.org/10.1053/j.gastro.2008.02.014
https://doi.org/10.1053/j.gastro.2008.02.014
https://doi.org/10.1056/NEJMoa2000741
https://doi.org/10.1002/hep.32697

Hepatology International

197.

198.

199.

200.

201.

202.

liver transplantation in patients with acute-on-chronic liver fail-
ure. Hepatol Int. 2021;15:1376-1388

Sundaram V, Jalan R, Wu T, et al. Factors associated with survival
of patients with severe acute-on-chronic liver failure before and after
liver transplantation. Gastroenterology. 2019;156:1381-1391.e3
Sundaram V, Kogachi S, Wong RIJ, et al. Effect of the clinical
course of acute-on-chronic liver failure prior to liver transplanta-
tion on post-transplant survival. J Hepatol. 2020;72:481-488
Gustot T, Fernandez J, Garcia E, NONIC Study Investigators of
the EASL-CLIF Consortium, et al. Clinical Course of acute-on-
chronic liver failure syndrome and effects on prognosis. Hepatol-
ogy. 2015;62:243-252

Asrani SK, Saracino G, O’Leary JG, et al. Recipient character-
istics and morbidity and mortality after liver transplantation. J
Hepatol. 2018;69:43-50

Nadim MK, Genyk YS, Tokin C, et al. Impact of the etiology
of acute kidney injury on outcomes following liver transplanta-
tion: acute tubular necrosis versus hepatorenal syndrome. Liver
Transpl. 2012;18:539-548

Agbim U, Sharma A, Maliakkal B, et al. Outcomes of liver
transplant recipients with acute-on-chronic liver failure based
on EASL-CLIF Consortium definition: a single-center study.
Transplant Direct. 2020;18(6): e544

Authors and Affiliations

203

204.

205.

. Goosmann L, Buchholz A, Bangert K, et al. Liver transplanta-

tion for acute-on-chronic liver failure predicts post-transplant
mortality and impaired long-term quality of life. Liver Int.
2021;41:574-584

Putignano A, Gustot T. New concepts in acute-on-chronic liver
failure: Implications for liver transplantation. Liver Transpl.
2017;23:234-243

Napoleone L, Solé C, Juanola A, et al. Patterns of kidney dys-
function in acute-on-chronic liver failure: relationship with kid-
ney and patients’ outcome. Hepatol Commun. 2022;6:2121-2221

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Rakhi Maiwall’ - Satender Pal Singh' - Paolo Angeli? - Richard Moreau®*® . Aleksander Krag®’ - Virender Singh® -
Ashwani K. Singal®- S.S.Tan'? - Puneet Puri'' - Mamun Mahtab'? - George Lau'®'%. Qin Ning'*>'¢17.
Manoj Kumar Sharma' - P. N. Rao'® - Dharmesh Kapoor'® - Subhash Gupta?® - Ajay Duseja?' - Manav Wadhawan?? -

Dinesh Jothimani?® - Sanjiv Saigal®* - Sunil Taneja?' - Akash Shukla®® - Pankaj Puri?® - Deepak Govi

|27 .

Gaurav Pandey?® - Kaushal Madan?* - C. E. Eapen?® - Jaya Benjamin3° - Ashok Chowdhury' - Shweta Singh3' -
Vaishali Salao®2 - Jin Mo Yang?3 - Saeed Hamid>3* - Shalimar®? - Sanjiv Jasuja® - Anand V. Kulkarni®’ -
Madund A. Niriella®® - Harsh Vardhan Tevethia' - Vinod Arora’ - R. P. Mathur3® - Akash Roy® - Ankur Jindal® -
Neeraj Saraf*! - Nipun Verma?' - Arka De?' . Narendra S. Choudhary*? - Rohit Mehtani?® - Phool Chand’ -
Ombkar Rudra’ - Shiv Kumar Sarin'

<

Shiv Kumar Sarin
sksarin @ilbs.in; shivsarin @ gmail.com

Department of Hepatology, Institute of Liver and Biliary
Sciences, D1 Vasant Kunj, New Delhi 110070, India

Department of Internal Medicine and Hepatology, University
of Padova, Padua, Italy

European Foundation for the Study of Chronic Liver Failure
(EF CLIF), European Association for the Study of the Liver
(EASL)-CLIF Consortium, and Grifols Chair, Barcelona,
Spain

Centre de Recherche sur I’'Inflammation (CRI), Institut
National de la Santé et de la Recherche Médicale (INSERM),
Université Paris-Cité, Paris, France

Service d’Hépatologie, Assistance Publique—Hopitaux de
Paris (AP-HP), Hopital Beaujon, Clichy, France

Department of Gastroenterology and Hepatology, Odense
University Hospital, Odense, Denmark

Department of Clinical Research, Faculty of Health Sciences,
University of Southern Denmark, Odense, Denmark

@ Springer

Punjab Institute of Liver and Biliary Sciences, Mohali,
Punjab, India

Department of Medicine, University of Louisville School
of Medicine, Trager Transplant Center and Jewish Hospital,
Louisville, USA

Department of Medicine, Hospital Selayang, Bata Caves,
Selangor, Malaysia

Department of Medicine, Virginia Commonwealth
University, Richmond, VA, USA

Department of Hepatology, Bangabandhu Sheikh Mujib
Medical University, Dhaka, Bangladesh

Humanity and Health Medical Group, Humanity and Health
Clinical Trial Center, Hong Kong SAR, China

The Fifth Medical Center of Chinese, PLA General Hospital,
Beijing 100039, China

Department and Institute of Infectious Disease, Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China

State Key Laboratory for Zoonotic Diseases, Wuhan, China


http://orcid.org/0000-0002-0544-5610

Hepatology International

17

20

21

22

23

24

25

26

27

28

Department of Pediatrics, Tongji Medical College, Tongji
Hospital, Huazhong University of Science and Technology,
Wuhan, China

Department of Hepatology and Nutrition, Asian Institute
of Gastroenterology, Hyderabad, India

Department of Hepatology, Gleneagles Global Hospitals,
Hyderabad, Telangana, India

Department of Surgery, Center for Liver and Biliary
Sciences, Max Healthcare, Saket, New Delhi, India

Department of Hepatology, Postgraduate Institute of Medical
Education and Research, Chandigarh 160012, India

Institute of Digestive & Liver Diseases, BLK Superspeciality
Hospital Delhi, New Delhi, India

Institute of Liver Disease and Transplantation, Dr Rela
Institute and Medical Centre, Bharat Institute of Higher
Education and Research, Chennai, India

Department of Gastroenterology and Hepatology, Centre
for Liver and Biliary Sciences, Max Super Speciality
Hospital, Saket, New Delhi, India

Department of Gastroenterology, Seth GS Medical College
and KEM Hospital, Mumbai, India

Fortis Escorts Liver & Digestive Diseases Institute,
New Delhi, India

Department of Critical Care and Anaesthesia, Medanta-The
Medicity, Gurugram, Haryana, India

Gastroenterology and Hepatology, Sanjay Gandhi
Postgraduate Institute of Medical Sciences, Lucknow, India

29

30

31

32

33

34

35

36

37

38

39

40

41

4

Department of Hepatology, Christian Medical College,
Vellore, Tamil Nadu, India

Department of Clinical Nutrition, Institute of Liver
and Biliary Sciences, New Delhi, India

Centre for Liver and Biliary Sciences, Max Super Speciality
Hospital, Saket, New Delhi, India

Department of Critical Care, Fortis Hospital, Mulund,
Mumbai, India

Department of Internal Medicine, College of Medicine, The
Catholic University of Korea, Seoul, South Korea

Department of Hepatology, Aga Khan University, Karachi,
Pakistan

Department of Gastroenterology, All India Institute
of Medical Sciences, New Delhi, India

Department of Nephrology, Indraprastha Apollo Hospitals,
New Delhi, India

Deparment of Hepatology, AIG Hospitals, Hyderabad, India

Department of Medicine, Faculty of Medicine, University
of Kelaniya, Colombo, Sri Lanka

Department of Nephrology, Institute of Liver and Biliary
Sciences, New Delhi, India

Department of Gastroenterology, Institute of Gastrosciences
and Liver Transplantation, Apollo Hospitals, Kolkata, India

Institute of Liver Transplantation and Regenerative Medicine,
Medanta-The Medicity, Gurgaon, Delhi (NCR), India

Department of Hepatology and Liver Transplantation,
Medanta-The Medicity Hospital, Gurugram, Haryana, India

@ Springer



	APASL clinical practice guidelines on the management of acute kidney injury in acute-on-chronic liver failure
	Abstract
	Introduction
	Methods
	Section I: Incidence, definition, spectrum, course, and pathophysiological basis of AKI in ACLF
	Incidence and definition of AKI
	Defining progression and recovery of AKI in patients with ACLF 
	What is the pathophysiological basis of AKI in ACLF?
	The role of systemic inflammation in driving AKI in ACLF patients
	The role of bile acids, oxidative stress and renal ischemia

	Gut dysbiosis and AKI
	Statements

	Does AKI transition to CKD in patients with ACLF?
	Statement 1a
	Statement 1b

	Which are the risk factors of AKI in patients with ACLF?
	Drugs and the mechanism of kidney injury
	Liver-related risk factors
	Kidney-related risk factors
	Statement
	Recommendation


	Section II: Biomarkers of AKI in ACLF
	Can biomarkers be used for timely diagnosis of AKI in ACLF?
	Can biomarkers delineate the spectrum of AKI in ACLF (HRS-AKI from ATN)?
	Can biomarkers guide the prediction of the course of AKI in ACLF and the timely initiation of terlipressin?
	Statement

	Can biomarkers aid in deciding the need for dialysis in patients with ACLF?
	Can biomarkers predict renal recovery in ACLF patients?
	Can biomarkers guide the risk of CKD development pre- and post-transplant in ACLF patients?

	Section III: Prevention of AKI in ACLF
	Predictive models for AKI in ACLF
	Role of antioxidants in AKI prevention
	Intravenous albumin for AKI prevention
	Use of G-CSF in ACLF
	Use of non-selective beta-blockers (NSBB)
	Use of prophylactic antibiotics
	Can the PIRO model be used for risk-stratifying AKI in patients with ACLF?
	Recommendations


	Section IV: Management of AKI in ACLF
	Section IVA: Fluid management in AKI in ACLF
	Should intravenous albumin be initiated for the management of stage 1 AKI in ACLF?
	Statement 

	Should 5% albumin be used for fluid resuscitation in patients with ACLF and AKI with shock?
	Statement 2a  
	Statement 2b 
	Statement 2c  
	Recommendation 2a 
	Recommendation 2b 
	Recommendation 2c 

	What should be the appropriate dose of albumin for the management of AKI in patients with ACLF?
	Statement 
	Recommendation 

	Should intraabdominal pressure measurement be routinely performed for ACLF patients with AKI and tense ascites?
	Statement 
	Recommendation 

	Does a cardiopulmonary assessment help in patients with signs of hypervolemia or comorbid diseases to decide the administration of albumin in patients with ACLF and AKI?
	Statement 
	Recommendation 


	Section IVB: Vasoconstrictors in the management of AKI in ACLF
	Statement
	Recommendation
	Statement
	Recommendation
	Statement
	Recommendation
	Recommendation 5a
	Recommendation 5b
	Recommendation 5c
	Recommendation 5d

	Section IVC: Renal replacement therapy in AKI in ACLF
	What initiation strategy, modality, and dose should be considered for renal replacement therapy in patients with ACLF and AKI stage 3?
	Statement 
	Recommendation 6a 
	Recommendation 6b 
	Recommendation 6c 
	Recommendation 6d 

	Can citrate anticoagulation be safely used in patients with ACLF on CRRT?
	Statement 
	Recommendation 6e 

	What protocols of weaning should be considered in patients with ACLF on RRT?
	Statement 
	Recommendation 6f 


	Section IVD: Liver transplant in patients with ACLF and AKI
	Statement 1a
	Recommendation1a
	Statement 1b
	Recommendation 1b


	Section V”: Care of post-discharge AKI in ACLF
	Statement
	Recommendation

	Section VI: AKI on CKD in ACLF
	Statement

	Section VII: Nutrition in AKI
	Recommendation 1a
	Recommendation 1b

	Limitations
	Summary
	Research priorities
	References


