Gastroenterology

L& Y

ﬁﬁﬁfﬁ“ﬁ. ﬁ,ﬂhu{ =

Baishideng Publishing Group Inc




Jaishideng®

Contents Weekly Volume 28 Number 48 December 28, 2022

REVIEW

6791 COVID-19 vaccination and liver disease
Ozaka S, Kobayashi T, Mizukami K, Murakami K

6811  Mechanism and potential treatments for gastrointestinal dysfunction in patients with COVID-19
Yao Y, Liu ZJ, Zhang YK, Sun HJ

6827  Clinical diagnosis and management of pancreatic cancer: Markers, molecular mechanisms, and treatment
options
Zhang CY, Liu S, Yang M

6846  Bile acids and microbes in metabolic disease
Sah DK, Arjunan A, Park SY, Jung YD
MINIREVIEWS

6867  Recent advances in the management of autoimmune pancreatitis in the era of artificial intelligence
Mack S, Flattet Y, Bichard P, Frossard JL

6875  Molecular mechanisms implicated in SARS-CoV-2 liver tropism
Quarleri J, Delpino MV

6888  Current status of novel biologics and small molecule drugs in the individualized treatment of
inflammatory bowel disease
Xu YH, Zhu WM, Guo Z

6900  Confusion and prospects for carcinogenesis of gastric adenoma and dysplasia: What is the correct answer
currently?
Kinami S, Yamada S, Takamura H

6909  Nuclear factor erythroid 2-related factor 2-mediated signaling and metabolic associated fatty liver disease
Bukke VN, Moola A, Serviddio G, Vendemiale G, Bellanti F

6922  Current and future perspectives on acute-on-chronic liver failure: Challenges of transplantation, machine
perfusion, and beyond
Della Guardia B, Boteon APCS, Matielo CEL, Felga G, Boteon YL
ORIGINAL ARTICLE
Basic Study

6935 Bladder-colon chronic cross-sensitization involves neuro-glial pathways in male mice
Atmani K, Wuestenberghs F, Baron M, Bouleté I, Guérin C, Bahlouli W, Vaudry D, do Rego JC, Cornu JN, Leroi AM,
Coéffier M, Meleine M, Gourcerol G

WJG | https://www.wjgnet.com I December 28,2022 | Volume?28 | Issue48 |



World Journal of Gastroenterology

Contents
Weekly Volume 28 Number 48 December 28, 2022

Retrospective Study
6950  Clinical features and long-term outcomes of patients with colonic oligopolyposis of unknown etiology

Feldman D, Rodgers-Fouche L, Hicks S, Chung DC

Geisnidenge WIG | https://www.wjgnet.com 11 December 28,2022 | Volume28 | Issue48 |



World Journal of Gastroenterology

Contents
Weekly Volume 28 Number 48 December 28, 2022

ABOUT COVER

Editorial Board of World Journal of Gastroenterology, Xi-Dai Long, MD, PhD, Professor, Department of Pathology, the
Affiliated Hospital of Youjiang Medical University for Nationalities, BOSE 533000, Guangxi, China.
sjtulongxd@263.net

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports, Index Medicus, MEDLINE, PubMed, PubMed
Central, Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 impact factor (IF) for WJG as 5.374; IF without journal self cites: 5.187; 5-year IF: 5.715; Journal Citation
Indicator: 0.84; Ranking: 31 among 93 journals in gastroenterology and hepatology; and Quartile category: Q2. The
WIJG’s CiteScore for 2021 is 8.1 and Scopus CiteScore rank 2021: Gastroenterology is 18/149.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: X# Guo; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
December 28, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJG | https://www.wjgnet.com 11 December 28,2022 | Volume?28 | Issue48 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v28.148.6922

World Journal of
Gastroenterology

World | Gastroenterol 2022 December 28; 28(48): 6922-6934

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Current and future perspectives on acute-on-chronic liver failure:
Challenges of transplantation, machine perfusion, and beyond

Bianca Della Guardia, Amanda P C S Boteon, Celso E L Matielo, Guilherme Felga, Yuri L Boteon

Specialty type: Transplantation

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0
P-Reviewer: Walabh P, South
Africa; Wang Y, China

Received: September 25, 2022
Peer-review started: September 25,
2022

First decision: October 30, 2022
Revised: November 1, 2022
Accepted: November 25, 2022
Article in press: December 18, 2022
Published online: December 28,
2022

Jaishideng®

WJG | https://www.wjgnet.com

Bianca Della Guardia, Amanda P C S Boteon, Celso E L Matielo, Guilherme Felga, Yuri L Boteon,
Liver Unit, Hospital Israelita Albert Einstein, Sdo Paulo 05652-900, Brazil

Yuri L Boteon, Instituto Israelita de Ensino e Pesquisa Albert Einstein, Faculdade Israelita de
Ciéncias da Saude Albert Einstein, Sdo Paulo 05652-900, Brazil

Corresponding author: Yuri L Boteon, MD, PhD, Professor, Surgeon, Liver Unit, Hospital
Israelita Albert Einstein, Transplant Centre, Hospital Israelita Albert Einstein, 2nd floor,
building A1, Office 200B, 627/701 Albert Einstein Avenue, Sao Paulo 05652-900, Brazil.
yuri.boteon@einstein.br

Abstract

Acute-on-chronic liver failure (ACLF) is a syndrome that occurs in patients with
chronic liver disease and is characterized by acute decompensation, organ failure
and high short-term mortality. Partially due to the lack of universal diagnostic
criteria, the actual ACLF prevalence remains unclear; nevertheless, it is expected
to be a highly prevalent condition worldwide. Earlier transplantation is an
effective protective measure for selected ACLF patients. Besides liver trans-
plantation, diagnosing and treating precipitant events and providing supportive
treatment for organ failures are currently the cornerstone of ACLF therapy.
Although new clinical specific therapies have been researched, more studies are
necessary to assess safety and efficacy. Therefore, future ACLF management
strategies must consider measures to improve access to liver transplantation
because the time window for this life-saving therapy is frequently narrow. Thus,
an urgent and global discussion about allocation and prioritization for
transplantation in critically ill ACLF patients is needed because there is evidence
suggesting that the current model may not portray their waitlist mortality. In
addition, while donor organ quality is meant to be a prognostic factor in the ACLF
setting, recent evidence suggests that machine perfusion of the liver may be a safe
tool to improve the donor organ pool and expedite liver transplantation in this
scenario.

Key Words: Acute-on-chronic liver failure; Liver cirrhosis; Liver transplantation; Machine
perfusion; Hypothermic oxygenated machine perfusion
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Core Tip: Acute-on-chronic liver failure (ACLF) is characterized by high short-term mortality. Although
new clinical specific therapies have been researched, more studies are necessary to assess safety and
efficacy. Conversely, earlier transplantation is effective for selected patients. Therefore, future ACLF
management strategies must consider measures to improve access to liver transplantation. Discussions
about donor organ allocation and recipient prioritization are necessary because there is evidence
suggesting the current model may not portray the waitlist mortality of these patients. In this scenario,
machine perfusion of the liver may prove to be a safe tool to improve the donor organ pool.

Citation: Della Guardia B, Boteon APCS, Matielo CEL, Felga G, Boteon YL. Current and future perspectives on
acute-on-chronic liver failure: Challenges of transplantation, machine perfusion, and beyond. World J
Gastroenterol 2022; 28(48): 6922-6934
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INTRODUCTION

Despite the heterogeneity in the diagnosis criteria, consensually, acute-on-chronic liver failure (ACLF) is
a condition that occurs in patients with chronic liver disease developing multi-organ failure in the
presence of one or more hepatic or extrahepatic precipitant events. In addition, it is associated with high
28-d mortality[1-4]. Several international consortiums proposed different definitions of ACLF, reflecting
their own types of underlying liver disease and precipitant events. The Asian Pacific Association for the
Study of the Liver (APASL), the European Association for the Study of the Liver (EASL), formed by the
Chronic Liver Failure (CLIF) Consortium and the North American Consortium for the Study of End-
Stage Liver Disease (NACSELD) are the most widely accepted[1,5,6].

Because of the lack of universal diagnostic criteria and study design limitations, the actual ACLF
prevalence remains unclear. However, it is expected to be a highly prevalent condition worldwide. For
example, in the CANONIC study (EASL-CLIF Acute-on-Chronic Liver Failure in Cirrhosis study), a
prospective evaluation of 1343 patients admitted for acutely decompensated cirrhosis, 22.6% met the
EASL-ACLF criteria for ACLF, and 8.3% developed the condition during hospitalization. In another
study using APASL criteria, 12% of complicated cirrhotic patients were diagnosed with ACLF[1,7].
Recently, a large meta-analysis of global epidemiological data found about 35% of ACLF in patients
admitted due to acutely decompensated cirrhosis using EASL-ACLEF criteria, with a higher prevalence
in South Asia, reaching 65%[8]. Notably, the overall mortality in ACLF is about 32% and increases in
parallel with the number of organ failure (OF). The 28-d mortality rate for ACLF - grades 1 to 3 - ranges
from 20% to 80%, 49% to 77%, and 13% to 86% for EASL-CLIF Consortium, NACSELD, and APASL-
ACLF, respectively[4,9].

In recent years, several studies have investigated the pathophysiology, prognosis, and treatment
options for ACLF. Although the benefit of timing liver transplantation (LT) in ACLF is undeniable,
issues still exist with assessing the mortality risk of patients on the waiting list to avoid futile LT. In
addition, another urgent and global discussion is about allocation and prioritization for LT in critically
ill ACLF patients, as the time window for transplantation is frequently narrow[2,10,11].

This review provides an overview of ACLF management, focusing on the current challenges of LT in
this scenario and future perspectives, including machine perfusion of the liver.

DIAGNOSTIC CRITERIA FOR ACLF

The natural history of cirrhosis is characterized by a long asymptomatic phase called compensated
cirrhosis. The increase of portal pressure above the hepatic venous pressure gradient of 10 mmHg plays
a central role in the transition to decompensated cirrhosis. Acute decompensation (AD) is defined by the
new development of ascites, hepatic encephalopathy, hepatorenal syndrome, variceal bleeding, or
infection[1,9].

In the PREDICT study (PREDICTing ACLF), a prospective and observational analysis of 1071 patients
hospitalized with AD, 218 (20%) developed ACLF in 90 d (3-mo mortality rate of 53.7%), called pre-
ACLF. Two hundred and thirty-three patients (22%) required frequent hospitalization unrelated to
ACLF, called unstable decompensated cirrhosis (3-mo mortality rate of 21.0%), and 620 (58%) reached a
state called stable decompensated cirrhosis (1-year mortality rate of 9.5%). These three clinical courses
revealed by the PREDICT Study group originated from data of the CANONIC study, which created the
EASL-CLIF definition of ACLF - probably the most widely accepted definition used to date[1,12].
Therefore, cirrhotic patients with pre-ACLF should be promptly identified due to the high risk of death
in the short term.
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THE EASL-CLIF CONSORTIUM DEFINITION OF ACLF

The EASL-CLIF definition considers ACLF in cirrhotic patients with or without prior episodes of
decompensation and one or more OF. The CANONIC study enrolled 1343 patients from 29 centers in 12
European countries. Chronic hepatitis C virus and alcohol were the most frequent underlying causes of
chronic liver diseases. The OF definitions were adapted from the Sequential Organ Failure Assessment
(SOFA) score and called the CLIF-SOFA score. The CLIF-SOFA score includes subscores ranging from 0
to 4 for each of the six components (liver, kidney, brain, coagulation, circulation, and lungs). Aggregated
scores range from 0 to 24 and provide information on overall severity[13].

OF was defined by liver failure (level of serum bilirubin) or extrahepatic failure. The latter includes
kidney failure (defined by serum creatinine), cerebral (by grade of encephalopathy according to West-
Haven classification), coagulation (by the international normalized ratio [INR]), circulatory (by blood
pressure or need of vasopressors), and respiratory failure (by partial pressure of oxygen [PaO,]/fraction
of inspired oxygen [FiO,] or oxygen saturation [SpO,]/FiO,) (Table 1). The most prevalent OF was
kidney (43.6%), followed by coagulation (27.7%) and cerebral (24.1%). At presentation, the prevalence of
ACLF grades 1, 2, and 3 were 49%, 35%, and 16%, respectively. The mortality in 28 d without LT was
32.8% in the seminal study.

THE APASL ACLF RESEARCH CONSORTIUM DEFINITION

This definition was based on an expert opinion on ACLF from the APASL, published in 2009 with
updates in 2014 and 2019, using data from 1402 and 3300 patients, respectively[5,14,15]. This definition
considers patients with compensated cirrhosis (diagnosed or not) and non-cirrhotic liver disease
patients with a first episode of acute liver deterioration due to an insult directed to the liver. This reflects
most of the patient population seen in Asia. In Asia, there is mainly hepatitis B virus reactivation or
superinfection with hepatitis viruses A, D, or E. Patients with extrahepatic precipitants and those with
kidney, circulatory or respiratory failures are excluded, meaning the liver dysfunction is the basis of the
APASL definition. Extrahepatic OF may subsequently develop but are not needed for diagnostic
criteria. The acute hepatic insult can be manifested by jaundice (serum bilirubin = 5 mg/dL),
coagulopathy (INR 2 1.5) and complications within 4 wk such as ascites, encephalopathy, or both. With
these criteria, there is an estimated 25% to 37% 30 d-mortality[16].

THE NACSELD DEFINITION OF ACLF

ACLF was defined as the development of two or more OF (maximum of four) in patients with AD
cirrhosis with or without prior episodes of decompensation. They used a prospective multicenter
Canadian and American cohort of 507 patients with non-elective hospitalization in 18 centers. The OF
criteria were: Kidney if dialysis is required; brain if encephalopathy grades 3 or 4 as West Haven classi-
fication occurs; respiratory if mechanical ventilation is needed; circulatory if vasopressor support is
required or a reduction in systolic blood pressure by 40 mmHg from baseline despite adequate fluid
resuscitation. The most prevalent OF was cerebral (36%), followed by circulatory (16%), kidney (13%)
and respiratory (9%)[6]. Lately, these criteria were validated in a cohort of 2675 patients with or without
infections, and mortality was higher in patients with infections, whatever the number of OF[17].

PRECIPITANTS FACTORS FOR ACLF AND PROGNOSIS

This section will discuss the most frequent precipitants for ACLF, its pathophysiology, and prognosis;
nevertheless, a more thorough review of these subjects is outside the scope of this manuscript.
Regardless of the ACLF definition employed, the precipitant factors can be recognized in only about
50% of patients with ACLF[9]. In 2021, the EASL-CLIF Consortium published a second paper derived
from the PREDICT study reporting the precipitant factors which could influence the clinical course and
the prognosis of ACLF patients. The most prevalent, more than 96% of cases, were bacterial infections
(documented) and severe alcoholic hepatitis, whereas gastrointestinal bleeding with shock and toxic
encephalopathy were rare. Although not so common, other precipitant factors like drug-induced liver
injury, surgery, viral hepatitis, and ischemia can also be considered[18]. Mezzano ef al[8] in a recent
review and meta-analysis using ACLF-EASL-CLIF criteria in patients from Europe, East/South Asia
and North/South America, showed that bacterial infections (35%), followed by gastrointestinal bleeding
(22%) and acute alcohol consumption (19%) were the most frequent triggers to ACLF, with kidney
dysfunction being the most common organ failure (49%). Although it is crucial to identify precipitant

factors for ACLF, a recent study reported that they could not be detected in up to one-third of patients
[12,19].
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Table 1 European Association for the Study of the Liver Chronic Liver Failure Consortium acute-on-chronic liver failure grades

ACLF .
Number of organ failures
grades
1 Single organ kidney failure
Single liver, coagulation, circulatory or lung failure with creatine levels ranging from 1.5 mg/dL to 1.9 mg/dL or encephalopathy grade 1
or 2, or both
Single brain failure with creatinine ranging from 1.5 mg/dL to 1.9 mg/dL
2 2 organ failures
B 3 or more organ failures

ACLF: Acute-on-chronic liver failure.

Data from the CANONIC cohort showed that ACLF is a dynamic syndrome and may evolve to
resolution, improvement or worsening in a short period[1]. ACLF grade 1 could be reversible in most
patients (54.0%), while 21.0% remain stable in grade 1, and 24.5% progress to a higher grade. The clinical
course after 3-7 d from diagnosis of ACLF may be a better predictor of outcome than its initial severity.
Indeed, patients with grade 3 ACLF 3-7 d after diagnosis showed the worst prognosis[20,21]. This was
called the opportunity window, wherein LT could reach the best results.

In severely ill patients, the prognosis differed according to the number of OF. For example, three OF
had lower 28-d transplant-free mortality than those with four OF, 53.0% vs > 90.0%, respectively[20,21].
Indeed, the number of OF - according to the EASL-CLIF definition - along with age and white cell count
compose the EASL-CLIF ACLF score. This predictive tool developed by the CANONIC study group
proved superior to older models )Acute Physiology and Chronic Health Evaluation [APACHE] II,
Child-Turcotte-Pugh, Model for End-stage Liver Disease [MELD]) to predict ACLF patients' mortality
[22]. Accordingly, a recent study demonstrated that patients with an EASL-CLIF ACLF score of greater
than 70 had 90% mortality at 90 d, regardless of care setting[23]. Another study reported a 28-d
mortality rate of 100% for patients with a score greater than 70 at 48 h post-intensive care unit (ICU)
admission[24].

Nevertheless, importantly, a 90-d and a 1-year post-LT survival rate of 90% and 81%, respectively,
were reported for ACLF patients with 5 to 6 OF[25]. Conversely, without LT, survival rates dropped
dramatically[25]. Therefore, although application and reassessment of the EASL-CLIF ACLF score may
prevent prolongation of futile therapy, especially after a short trial of ICU stay, withdrawal of care must
only be considered if the patient is not a LT candidate.

Recent evidence suggests systemic inflammation is the key to AD and ACLF disease progression[3,10,
26]. Briefly, in patients with sepsis as the precipitant event, the inflammatory response is triggered by
the recognition of pathogen-associated molecular patterns by pattern recognition receptors. The inflam-
matory response is then exacerbated, resulting in organ damage, cell death and release of damage-
associated molecular patterns, which could aggravate and accelerate OF development in the ACLF
setting. In addition, cirrhotic patients have portal hypertension, secondary intestinal congestion, and
splanchnic endothelial dysfunction. These features can enhance gut permeability and facilitate bacterial
translocation, driving local and systemic inflammation. Traditionally, inflammatory response causes
organ dysfunction and stimulation of nitric oxide production, worsening pre-existing circulatory
collapse and activation of immune cells. Another mechanism involved is mitochondrial metabolic
impairment, resulting in metabolic disorder and cellular dysfunction with a preferential allocation of
circulant nutrients to innate immune cells due to high metabolic demands. Secondarily, this process
decreased mitochondrial energy production and enhanced organ dysfunction. So, inflammation and
immunoparesis are thus key features of ACLF[3,26].

CURRENT MANAGEMENT OF ACLF

Besides LT, diagnosing and treating precipitant events and providing supportive treatment for OF are
currently the cornerstone of ACLF therapy.

TREATMENT OF PRECIPITANT EVENTS

Infections: antimicrobial therapy should commence as quickly as possible based on the suspected site
involved, existing culture results and local antimicrobial sensitivity patterns. Empirical broad-spectrum
antimicrobials should be promptly initiated and deescalated once the results are available. Empirical
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antifungals should be considered in patients without clinical improvements within 48-72 h. In addition,
antifungal therapy may also be used in ACLF patients with multiple risk factors, such as corticosteroid
use, prolonged antimicrobial therapy, long-term central venous access devices, parenteral nutrition,
renal replacement therapy, sarcopenia and malnutrition[4,17,21]. Recent studies also recommended
avoiding proton pump inhibitors unless there is a clear indication (like stress-ulcer prophylaxis) because
they increase the risk of infection, mainly due to Clostridioides. Nonselective beta-blockers, when
tolerated, and rifaximin may be beneficial by reducing bacterial translocation and intestinal dysbiosis.

Alcoholic hepatitis: although corticosteroids are indicated in patients with alcoholic hepatitis,
especially when Maddrey's discriminant function score is higher than 32, the response negatively
correlates with the number of OF in ACLF. The risk of new infections is one of the most critical factors in
the decision-making process for steroid therapy[4,21]. The response to steroids should be assessed with
the Lille score on day 7.

Acute viral hepatitis or reactivation: potent nucleotide or nucleoside analogues should be started in
the event of hepatitis B infection or reactivation.

Surgical procedures: surgery of any type in patients with cirrhosis is associated with a significant risk
of OF and ACLF. Consequently, it must be carefully considered. For example, open abdominal non-liver
surgery, high preoperative cardiovascular risk, or hepatic venous pressure gradient greater than 16
mmHg were frequently associated with ACLF. Recently, a new score, the VOCAL PENN score,
demonstrates an excellent ability to predict 30-d mortality when surgery is needed in patients with
ACLF[18,27].

SUPPORTIVE THERAPY

ACLF patients frequently require admission to an ICU for advanced OF support and assistance from a
multidisciplinary team.

Hemodynamic: Early goal-directed therapy using intravenous fluid resuscitation, preferably with
crystalloids, must target mean arterial pressure > 65 mmHg. If vasopressors are required, nore-
pinephrine is the first option, and a low dose of vasopressin can be necessary. Next, terlipressin or
epinephrine can be added, though they are no longer the second option. Finally, intravenous
hydrocortisone can be indicated in refractory septic shock, whereas no long-term survival benefit exists
[28].

Acute kidney injury (AKI): It is essential to eliminate or avoid nephrotoxic drugs. The assessment of
AKI severity using the modified Kidney Disease Improving Global Outcomes (KDIGO) criteria
established the use of albumin in patients with stages 2-3 and albumin plus terlipressin or
norepinephrine in type-1 hepatorenal syndrome. In non-responders, it should be necessary to start renal
replacement therapy, mainly in patients with LT perspectives[29,30].

Lungs and respiratory failure: The airway should be protected in West-Haven grade 3 or 4 hepatic
encephalopathy patients with elective intubation. Patients should be sedated with short-acting agents
such as propofol. Benzodiazepines should be avoided. Hypoxemia (PaO, < 80 mmHg) should be
prevented, and paracentesis is clinically indicated in case of tense ascites[28].

Gastrointestinal: Consider the use of stress-ulcer prophylactic drugs. As soon as possible, initiate oral
or enteral feedings[18].

Coagulation: Consider prophylaxis for deep-vein thrombosis in the absence of severe coagulopathy.
However, avoid correction of INR alterations with fresh frozen plasma. Instead, assessing the risk of
bleeding and thrombosis in ACLF patients should be done with viscoelastic testing (rotational
thromboelastography or rotational thromboelastometry), which must also guide correction when
needed or before invasive procedures[31,32].

NEW PERSPECTIVES FOR ACLF MANAGEMENT

The use of albumin has been well recommended to prevent AKI and renal failure in spontaneous
bacterial peritonitis, besides preventing post-paracentesis circulatory dysfunction[18,26,33,34]. Recent
data have highlighted the non-oncotic properties of albumin as homeostatic effects, antioxidants,
immunomodulation, endothelial stabilization, and toxic binding metabolites, including bile acids. Three
studies recently evaluated the routine outpatient administration of intravenous albumin. One of them,
the ANSWER trial, which included outpatients in an early stage of liver disease, showed improvement
in mortality and reduction in cirrhosis-related complications, mainly when the albumin level was
maintained above 4 g/dL[35]. However, further studies are necessary to indicate albumin infusion use
routinely[18,28].

Various artificial and bioartificial extracorporeal liver support systems have been attempted to treat
ACLF. However, artificial liver support such as molecular adsorbent recirculating system and
fractionated plasma separation and adsorption system (Prometheus) have failed to show any survival
benefit in this setting. Some bioartificial liver supports with a source of cells, traditionally human or
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porcine hepatocytes, are under investigation, but the clinical benefit is still unclear[18,21].

While the use of plasma exchange has been shown to improve survival in acute liver failure, the
actual effect in the ACLF scenario is unknown. Some studies in Asia using selected patients with ACLF
showed improvement in 30 and 90-d survival in non-transplanted patients. Still, randomized trials are
needed on the duration and amount of plasma exchange required[36].

One potential therapy for ACLF is the administration of granulocyte colony-stimulating factor (G-
CSF). Several trials, mainly in patients with hepatitis B from Asia and India, have studied the efficacy of
G-CSF and showed an increased leukocyte and neutrophil count, reduced severity of the disease and a
protective effect on the development of sepsis, hepatorenal syndrome and hepatic encephalopathy/[3].
However, trials in Western cohorts did not demonstrate survival benefits, CLIF OF scores modification
or recurrence of infections. Therefore, to date, G-CSF cannot be recommended as part of routine
treatment for ACLF[3,18,33,37].

Another promising therapy is mesenchymal stem cell transplantation, which can be a bridge to stabil-
ization in patients with ACLF until LT. However, if the concept is interesting in theory, the studies were
made with a few patients, and consequently, many questions remain open[38].

In addition to treatment for hypercholesterolemia, statins may have a role in ACLF therapy because
of their potential hepatoprotective and anti-inflammatory properties. Currently, two clinical trials are
underway to address the benefits and safety of statin (simvastatin and atorvastatin) in cirrhotic patients
[26,39,40].

The gut microbiota plays an important role in complications associated with cirrhosis, with specific
intestinal microbiomes being associated with adverse outcomes. The changes in the gut microbiome
parallel the disease stages reaching their peak in ACLF. ACLF patients were shown to present an
increase of Enterococcus and Peptostreptococcus sp and a reduction of some autochthonous bacteria[41].
Individual microbiome signatures could possibly identify ACLF patients and their prognosis, leading to
more personalized treatment, a topic under investigation in the MICROB-PREDICT study (
https:/ /microb-predict.eu/). Manipulation of the gut microbiome using fecal microbiota tran-
splantation may positively impact the course of cirrhosis, as shown in patients with severe alcoholic
hepatitis. In addition, one novel-engineered carbon bead (Carbalive™) designed to absorb toxins from
the gut and prevent translocation is under investigation[26]. Whereas promising, more studies are
necessary to assess the clinical significance of gut microbiome manipulation in managing ACLF.

PRIORITISATION CRITERIA FOR LIVER TRANSPLANTATION

Although the MELD has enhanced equity in organ allocation in LT, there is evidence suggesting it may
not portray the waitlist mortality of ACLF patients. This is in accordance with distinct pathological
mechanisms in decompensated cirrhosis and ACLF[42].

Sundaram et al[43], in a large retrospective study, reported that irrespective of the MELD-Na score,
ACLF-3 patients had a worse prognosis (ACLF grades refer to the EASL-CLIF classification hereafter
unless contrarily stated). They found that 43.8% of patients with ACLF-3 and MELD-Na < 25 died or
were removed from the waitlist at 28 d, having the worst prognosis among ACLF groups. This is
probably associated with the more frequent occurrence of extrahepatic failures, which, although not
fully captured by the MELD score, result in a high mortality rate. In addition, the authors report that LT
within 30 d of listing was the only significant independent protective factor for 1-year patient survival
after transplantation. More importantly, in this study, yet ACLF-3 patients had a greater mortality risk,
they presented a similar probability of being transplanted than non-ACLF-3 patients with similar MELD
scores[44].

In the CANONIC study, Jalan et al[22] developed an organ function scoring system (CLIF Consortium
Organ Failure score, CLIF-C OFs) to diagnose ACLF and the prognostic EASL-CLIF ACLF score. The
latter score discussed previously revealed significantly higher mortality 28-d predictive accuracy than
the MELD and MELD-Na[22].

Allocation systems must privilege ACLF patients once so far earlier transplantation is the cornerstone
of their successful management. The question remains whether ACLF-3 patients must be prioritized or
whether a new scoring system that depicts better OF must be implemented for these cases[44-46].

DONOR CHARACTERISTICS AND OUTCOMES AFTER TRANSPLANTATION

Donor organ selection in the ACLF scenario can be a real conundrum for transplant teams to solve. This
is because there is evidence that donor characteristics may be associated with a poor outcome after
transplantation[25,47,48], which adds complexity to the decision of whether to accept or not a donor
organ offer. This aspect is troubling, considering that strict donor organ selection may even postpone
further transplantation to this threatened population, especially in regions with frequent high MELD
recipients.
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A recent retrospective analysis from the United Network for Organ Sharing (UNOS) involving 50552
transplanted ACLF patients reported the donor risk index (DRI) above 1.7 as an independent risk factor
for mortality within 1 year after LT (hazard ratio [HR] 1.22; 95% confidence interval [CI] 1.09-1.35)[47].
On the other hand, independently of the MELD score, they described LT within 30 d of the ACLF
diagnosis as a predictor of improved 1-year survival after transplantation[47]. Other authors also
reported similar results[48,49]. These findings together pressurize even more transplant teams, which
face the dilemma of whether to proceed with a high-risk donor or wait for an ideal donor which might
not come on time.

It is ideally argued that the benefit of transplantation to this population surpasses the potential
negative impact of a suboptimal graft when comparing this risk with a 1-year survival probability
without transplantation. This is especially true for ACLF-3 patients, whose reported 1-year survival
probability with and without transplantation is 83.9% and 7.9%, respectively[50,51]. Nevertheless, the
scarce literature available also reports extra caution during donor organ selection for ACLF-3 patients in
real life. For example, in the UNOS database retrospective study, ACLF-3 patients received organs from
younger donors (mean age 38.7 years) with the cause of death predominantly related to head trauma
(38.0%) and a small percentage of organs from high-risk donors with DRI > 1.7 (22.9%)[47].

Kitajima et al[52] using the Organ Procurement and Transplantation Network and the UNOS registry,
recently analyzed 17300 transplanted ACLF patients between 2002 and 2019. They grouped the patients
by eras, Era 1 (2002-2007, n = 4,032), Era 2 (2008-2013, n = 6,130), and Era 3 (2014-2019, n = 7,138). Donor
characteristics were classified according to the DRI (DRI < 1.2, 1.2-1.6, 1.6-2.0, and > 2.0). They have
shown a significant improvement in overall patient survival and transplant outcomes throughout eras.
However, although donors with DRI > 2.0 were associated with a lower risk of patient death in Eras 2
and 3 than Era 1 in ACLF-1 and 2, this was not confirmed for ACLF-3[52]. Therefore, the authors advise
the need for particular caution for high-risk donors (DRI > 2.0) for ACLF-3 patients.

Comparatively, ACLF grades 1 and 2 are associated with lower mortality than ACLF grade 3. The
reported 28-d and 90-d mortality rates for ACLF grades 1 and 2 are 25.8% and 28.6%, and 41.1% and
65.4%, respectively[1]. Therefore, more judicious donor organ selection could be applied, mainly when
disease progression is evaluated concomitantly. Whereas data regarding the impact of donor organ
selection on postoperative outcomes are scarcer for this population, the results of the study mentioned
above support a wider acceptance of suboptimal grafts in ACLF-1 and 2 patients[52]. Nevertheless, the
quality of evidence (retrospective study) must be considered before drawing definitive conclusions.

In the setting of donor organ shortage, another question to consider is the allocation of an ideal organ
to a very sick recipient who may not survive the procedure. Again, the coexistence of additional risk
factors and the real-time change in OF may guide the decision to accept a non-ideal donor organ offer
rather than wait (Figure 1). Accordingly, there is evidence suggesting that in ACLF-3 patients, a better
survival rate can be achieved if the transplant occurs after organ failure recovery[48].

Indeed, the timing for LT in ACLF patients is critical. In a recent study involving specifically ACLF-3
patients, authors investigated the optimal timing for transplantation and the impact of extended criteria
donor (ECD) organs (defined exclusively by the DRI = 1.7)[49]. They analyzed three variables to define
the groups of patients (age < 60 or > 60 years, 3 OF or more, and hepatic or extrahepatic ACLF-3).
Through two-way sensitivity analyses, they found that overall survival is optimized by earlier
transplantation, especially among candidates > 60-years-old or with 4-6 OF[49]. These findings are in
accordance with the proposal mentioned above and reinforce the need to consider early transplantation,
even with suitable suboptimal grafts, to this population of ACLF patients.

To date, just the DRI was evaluated as a donor parameter within ACLF studies. The DRI is a
quantitative score developed to predict the risk of graft failure[53]. It identified seven donor character-
istics associated with graft failure, donor age, donation after circulatory death (DCD), split/partial
grafts, race, height, and cause of brain death[53]. Yet, the DRI has known limitations which must be
considered in this analysis. First, the DRI does not account for steatosis, a known risk factor for
postoperative graft dysfunction. Second, cold ischemia time cannot be anticipated in all cases, especially
in challenging logistical scenarios, such as in countries with long territorial extensions and complex
surgical cases. Consequently, a more thorough evaluation of the impact of donor features within ACLF
studies is needed.

Living-donor liver transplantation (LDLT) could expand the donor organ pool and expedite
transplantation in ACLF patients. Whilst studies in countries where deceased donors are scarce for
cultural reasons demonstrated good LDLT postoperative outcomes[54,55], concerns regarding the
prognosis of the sickest patients leading to stringent patient selection criteria hinder the applicability of
this option thus far. In a retrospective analysis of 60 patients with EASL-CLIF grade 1 and 2 ACLF,
LDLT transplanted patients exhibited a 1-year survival rate of 92% vs 11% in those who did not undergo
transplantation[55]. In another retrospective study involving 218 ACLF patients, employing strict
selection criteria -no high vasopressors or respiratory failure- for LDLT transplantation, the 1-year
postoperative patient survival was 92.9% for EASL-CLIF grade 1, 85.4% for grade 2, and 75.6% for grade
3[54]. Despite suggesting the benefit of LDLD in this setting, the justifiable caution patient selection may
have biased the conclusions. In addition, right lobe LDLT is most often required, leading to a right
hepatectomy in the donor, which increases their morbidity and mortality.
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Figure 1 Suggested flowchart on when to accept a non-ideal donor organ offer for transplantation in the acute-on-chronic liver failure

setting. In this scenario, the coexistence of additional risk factors and the real-time change in organ failures are key components in deciding to proceed with
transplantation. ACLF: Acute-on-chronic liver failure.
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While nowadays, consensually amongst experts, ECD organs must be considered in ACLF patients
due to the transplant benefit, further studies detailing the real impact of donor characteristics on
posttransplant patient survival are awaited. This is particularly valid for ACLF-3 patients, in which the
limited literature available urges caution before proceeding with a high-risk donor. Thus far, this
general concept is more theoretical than practical and originates from the need to provide timely
transplantation to these patients. Therefore, this is a warranted subject of deeper investigation for future
studies.

WHAT ROLE DOES MACHINE PERFUSION OF THE LIVER MAY PLAY IN THE ACLF
SETTING

Machine perfusion of the liver (MPL) is currently a hot topic in LT. It has gained growing attention from
the transplant community with the expansion of the ECD population and, therefore, the need to prevent
the frequent ischemia-reperfusion injury (IRI)-ECD postoperative-related complications. IRI is an
intrinsic consequence of solid organ transplantation and the basis of major postoperative complications.
Although ECD organs are highly vulnerable to IRI, surpassing the protective capacity of traditional
static cold storage (SCS) preservation solutions and, consequently, associated with higher morbidity and
mortality rates after transplantation, their increased utilization is needed to attend to the rising number
of patients on the waiting list. Thus far, the two most studied modalities of MPL in LT are ex situ
hypothermic and normothermic machine perfusion.

The hypothermic oxygenated machine perfusion (HOPE) of the liver was shown to enhance
mitochondrial respiratory function[56]. The optimized mitochondrial respiratory chain and oxidative
phosphorylation system increase cellular energy production -replenishing the exhausted stores of
adenosine triphosphate-, avoid the reverse flow of electrons with the production of reactive oxygen
species, and prevent the activation of the inflammatory cascade with subsequent tissue damage[56].

The normothermic machine perfusion of the liver (NMP) allows the recovery of the full metabolism
of the organ at 37 °C. Consequently, it requires an oxygen carrier to attend to the cellular metabolic
demand. NMP permits the assessment of parameters that traditionally indicate appropriate liver
function such as bile production, vascular flow, lactate metabolism, glucose metabolism, and hepato-
cellular injury such as transaminases released into the perfusate[57]. In addition, NMP enables
prolonged organ preservation and, potentially, ex situ organ treatments[57,58].

So far, most clinical trials on MPL in LT were intended to demonstrate the safety and feasibility of the
technique and were centered in European countries. Arguably, the sickest patients with very high
morbidity and mortality risk were not included in these studies and were not even on the waiting list in
many of these countries. Therefore, regional divergence and particularities amongst geographical areas,
such as mean MELD on the waiting list and territorial extensions, must also be considered.

Hurdles to timely access of ACLF patients to LT and their disadvantage in receiving a donor organ
offer in the MELD allocation system were presented herein. In addition, concerns about accepting ECD
organs to these sick patients were discussed beforehand. Consequently, none of the MP clinical trials
has encompassed ACLF patients thus far. Nevertheless, hypothetically, MPL can be even more advant-
ageous for this population.

Studies suggest that MP may recondition ECD organs before transplantation, preventing further
deterioration or even improving their quality. Although DCD LT has not been reported for ACLF
patients, clinical trials described similar results for patients transplanted with DCD organs treated with
HOPE and those transplanted with low-risk donors after brain death (DBD)[59]. Furthermore, in a
randomized clinical trial, hypothermic machine perfusion reduced the occurrence of postreperfusion
syndrome and early allograft dysfunction (EAD) after DCD LT. These factors contribute to the early
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recovery of the sickest patients after the procedure[60]. Accordingly, concerning the applicability of the
technique in ECD DBD LT, a multicenter randomized clinical trial recently reported that, compared to
SCS, HOPE led to a significant reduction in 90-d complications with a shorter hospital stay and a trend
toward a reduced rate of EAD[61].

Prolonged organ preservation and assessment of organ viability are two critical features related to
NMP which may benefit ACLF transplantation. Whereas it could not find a difference in graft survival
or patient survival compared to SCS, the first randomized clinical trial on NMP demonstrated that it
could safely extend the organ preservation time[62]. The median total preservation time was close to 12
h for NMP-preserved livers. Driven mainly by the difference in peak aspartate transaminase, NMP also
reduced the occurrence of EAD[62]. The VITTAL clinical trial (NCT02740608), from Birmingham, United
Kingdom, transplanted twenty-two donor livers discarded by all United Kingdom centers of 31 meeting
specific high-risk criteria based on the lactate clearance to levels < 2.5 mmol/L within 4 h on NMP with
100% 90-d patient and graft survival[63]. Nevertheless, applying the Birmingham criteria, NMP could
not prevent non-anastomotic biliary strictures in DCD livers, and 4 (18%) patients needed re-
transplantation[63].

Our group recently reported for the first time the successful transplantation of an ACLF patient using
an ECD DBD liver graft treated with HOPE[64]. The autoimmune hepatitis-related cirrhosis ACLF-2
patient (liver and coagulation failure) with a MELD-Na score of 42 was offered an ECD DBD organ with
a DRI of 2.79 after 8 d from hospital admission (well above the previously identified threshold of 1.7).
HOPE started after 06 h and 19 min of cold ischemia time and lasted 5 h and 19 min. The flavine
mononucleotide was measured in the perfusate to assess the viability of the organ and revealed a low
value after 30 min of perfusion (3097 A.U.) - permissive for transplantation in any recipient. During
transplantation, the reperfusion was uneventful. Postoperatively, the graft recovered well, without
EAD, according to the Olthoff criteria, and the patient developed AKI KDIGO stage 3 with complete
recovery after 1 wk[64].

While the case suggests the feasibility and safety of employing MP within this setting, more
conclusive evidence to prove the benefit of the technique is still needed. So far, because of the scarce
existing literature, the evidence of the impact of ECD transplantation in ACLF grades 1 and 2 is still
anecdotal. In addition, there are no reports on the application of MPL in ACLF-3 patients, those with
greater risk and the subject of more concerns in the literature. Earlier transplantation was shown to
improve overall survival in ACLF-3 patients > 60-years-old or with 4-6 OF[49]. This population and
those with the coexistence of additional risk factors and worsening organ failures may be the target
population for future MPL studies.

Yet the evidence is very limited currently, MPL may play a game-changing role in ACLF tran-
splantation. First, it can expedite LT because it allows more liberal acceptance of ECD organs based on
the properties of the technique. The proven capacity of MPL to recondition ECD livers reassures
surgeons in their decision to accept an ECD organ. This effect is amplified with the application of
biomarkers for organ viability assessment during perfusion. Second, rescuing discarded high-risk
organs or prolonging the preservation of organs compromised by logistics via MPL may increase the
donor organ pool, which may also help tackle the shortage of donor organs for transplantation. This is
especially important in countries with frequent high MELD score patients and long cold ischemia time,
which may need to adapt their organ preservations systems.

CONCLUSION

Although new clinical specific therapies have been researched for ACLF management, earlier
transplantation -within the frequently narrow opportunity window- is a proven effective therapy for
selected ACLF patients. Thus far, other options encompass diagnosing and treating precipitant events
and supportive treatment for organ failures. Therefore, current and future perspectives on ACLF
management must envisage improved access to LT. Accordingly, discussions about allocation and
prioritization for transplantation in critically ill ACLF patients are awaited because there is evidence
suggesting the current model may not portray their waitlist mortality. Furthermore, whereas donor
organ quality is meant to be a prognostic factor in the ACLF setting, recent evidence suggests that MPL
may be a safe tool to improve the donor organ pool and expedite access to this life-saving procedure.
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