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CUTELY DECOMPENSATED CIRRHOSIS AND ACUTE-ON-CHRONIC LIVER

failure are two important conditions observed in patients with known

chronic liver disease who have acute decompensation. Acutely decompen-
sated cirrhosis, which is a widely accepted condition, refers to the development of
ascites, encephalopathy, gastrointestinal hemorrhage, or any combination of these
disorders in patients with cirrhosis."? Acute-on-chronic liver failure, a term sug-
gested by Jalan and Williams,> emerged from studies showing the development of
a syndrome associated with a high risk of short-term death (i.e., death <28 days
after hospital admission) in patients with acutely decompensated cirrhosis. Three
major features characterize this syndrome: it occurs in the context of intense sys-
temic inflammation, frequently develops in close temporal relationship with pro-
inflammatory precipitating events (e.g., infections or alcoholic hepatitis), and is
associated with single- or multiple-organ failure. Although a substantial body of
literature recognizes acute-on-chronic liver failure as a clinical entity (e.g., cur-
rently, eight registered, randomized therapeutic trials are recruiting patients with
acute-on-chronic liver failure), some people doubt the existence of the syndrome.
Moreover, proposed definitions of acute-on-chronic liver failure differ from one
another. In this review, we examine evidence to support the concept of acute-on-
chronic liver failure, and we highlight areas that are controversial.

DEFINING ACUTE-ON-CHRONIC LIVER FAILURE

Although definitions of acute-on-chronic liver failure differ (see Table S1 in the
Supplementary Appendix, available with the full text of this article at NEJM.org),
most address the role of both hepatic and extrahepatic precipitating events and
include extrahepatic organ failures. The European definition, proposed by the
European Association for the Study of the Liver—Chronic Liver Failure (EASL-CLIF)
Consortium, includes extrahepatic organ failures, applies only to patients with
acutely decompensated cirrhosis, with or without prior decompensation, and does
not exclude extrahepatic precipitating events.! The definition is based on prospec-
tive investigation involving 1343 consecutive patients hospitalized for acutely de-
compensated cirrhosis.! Organ failures are identified with the use of a modified
Sequential Organ Failure Assessment score (the EASL-CLIF Consortium organ-
failure scoring system*) (Fig. 1A), which considers the function of the liver, kidney,
and brain, as well as coagulation, circulation, and respiration, allowing stratifica-
tion of patients in subgroups with different risks of death. Coagulation is in-
cluded in the score because coagulation may not simply reflect the grade of liver
failure in patients with severe systemic inflammation or sepsis.

The European definition includes patients with a high risk of death less than
28 days after hospital admission (patients with kidney failure alone; those with
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single, nonkidney organ failure if it is associated
with kidney or brain dysfunction; and those
with two or more organ failures)' (Fig. 1B). Ac-
cording to the number of organ failures at diag-
nosis, patients with acutely decompensated cir-
rhosis were stratified into four prognostic grades
(no acute-on-chronic liver failure and acute-on-
chronic liver failure grades 1, 2, and 3)! (Fig. 1B).
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In a study involving 1322 prospectively enrolled
patients, the Chinese Group on the Study of Se-
vere Hepatitis B developed a definition for hepatitis
B virus—related acute-on-chronic liver failure’;
this definition is very similar to the European
definition of acute-on-chronic liver failure.

Like the European definition, the definition
of acute-on-chronic liver failure of the North
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ACUTE-ON-CHRONIC LIVER FAILURE

Figure 1 (facing page). Clinical Features of Acute-on-Chronic Liver Failure
(ACLF).

Panel A shows the European Association for the Study of the Liver—Chronic
Liver Failure Consortium organ-failure score. Each organ system function
receives a score ranging from 1 point (close to normal) to 3 points (abnor-
mal). The dark-gray cells indicate the definition of each organ failure, and
the light-gray cells the definition of each organ dysfunction. Patients treat-
ed with mechanical ventilation received a respiratory score of 3 points. To
convert the values for bilirubin to micromoles per liter, multiply by 17.1. To
convert the values for creatinine to micromoles per liter, multiply by 88.4.
Fio, denotes fraction of inspired oxygen, INR international normalized ra-
tio, MAP mean arterial pressure, Pao, partial pressure of arterial oxygen,
RRT renal-replacement therapy, and Spo, oxygen saturation as measured
by pulse oximetry. Panel B shows the prevalence of ACLF and associated
28-day transplantation-free mortality according to diagnostic criteria and
grade at admission among 1287 European patients hospitalized with acute-
ly decompensated cirrhosis.* BD denotes brain dysfunction, KD kidney dys-
function, KF kidney failure, and OF organ failure. Panel C shows the preva-
lence of ACLF at admission and during hospitalization and 28- and 90-day
mortality among patients hospitalized for acutely decompensated cirrhosis
with or without ACLF. Each circle represents the value for either prevalence
or mortality in one of the eight large-scale investigations using the con-
sortium’s diagnostic criteria: the CANONIC study' (1343 patients) and
PREDICT study (completed; enrolled 1375 patients [ClinicalTrials.gov num-
ber, NCT03056612]) in Europe (orange circles); the Li et al. study® (890 pa-
tients), KACLIF study® (1235 patients), and COSSH study’ (1031 patients)
in Asia (blue circles); the studies by Mahmud et al.® (80,383 patients) and
Hernaez et al.® (72,316 patients) in the United States (green circles); and
the ACLARA study (recruiting patients [1077 already enrolled]) in Latin
America (yellow circles). The top of each column represents the median
value for the measure. A denotes the percentage of patients who had ACLF
at admission, and H the percentage of patients who were free of ACLF at
admission but in whom ACLF developed during hospitalization. Panel D
shows the course of ACLF during hospitalization according to the initial
ACLF grade.’® At the first assessment, 202 patients had ACLF-1, 136 had
ACLF-2, and 50 had ACLF-3. The course of ACLF was extremely dynamic

— resolving, improving, or worsening, frequently within a few days, in a
substantial number of patients or changing after a steady course. Panel E
shows the probability of transplantation-free survival according to ACLF
status, assessed 3 to 7 days after the initial diagnosis.’® The group of 141
patients in whom ACLF resolved within 3 to 7 days had the highest prob-
ability of survival, even though approximately half these patients initially
had ACLF grade 2 or 3. Differences were significant across groups. Panel F
shows the severity of systemic inflammation according to the white-cell
count (WBC)! and plasma levels of C-reactive protein (CRP),! tumor necro-
sis factor a (TNF-a),* and interleukin-8' in patients with compensated cir-
rhosis (CC) and no history of acute decompensation (39 patients) or acute
decompensation (AD) with or without ACLF (85 and 237 patients, respec-
tively). Differences were significant across groups. The numbers above

the box plots are the highest values, and the boxes show the interquartile
range, as well as median values (horizontal lines); the I bars denote the
highest and lowest values of the distribution.

American Consortium for the Study of End-Stage
Liver Disease applies only to patients with
acutely decompensated cirrhosis, does not ex-
clude extrahepatic precipitating events, and con-
siders organ failures (defined by shock, grade 3
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or 4 hepatic encephalopathy, or need for dialysis
or mechanical ventilation) as components of the
syndrome.!? The definition is based on an inves-
tigation involving 507 patients with cirrhosis
and ongoing infection.’” Acute-on-chronic liver
failure was defined by the presence of two or
more extrahepatic organ failures. This defini-
tion has been validated in a large North Ameri-
can cohort of infected and noninfected patients
with cirrhosis.?

Unlike the other definitions, the definition of
the Asian Pacific Association for the Study of the
Liver does not include extrahepatic organ fail-
ures.>'*!> Rather, the definition is based on the
opinions of experts who considered acute-on-
chronic liver failure to be an acute hepatic insult
(e.g., hepatitis B virus reactivation or acute alco-
holic hepatitis), manifested as jaundice and co-
agulopathy and complicated within 4 weeks by
clinical ascites, encephalopathy, or both. The
definition applies only to patients with no prior
decompensation and those with noncirrhotic
chronic liver disease. Accordingly, patients with
prior decompensation and those with acutely
decompensated cirrhosis are not included in the
definition. Extrahepatic insults, such as sepsis
or gastrointestinal hemorrhage, are viewed not
as conditions that precipitate acute-on-chronic
liver failure but as complications of this syn-
drome.* Extrahepatic organ failures are consid-
ered to be manifestations of either progressive
acute-on-chronic liver failure or complicating
infections but not components of the syndrome.

CLINICAL FEATURES

In a European study that used the European
criteria and involved patients hospitalized with
acutely decompensated cirrhosis, acute-on-
chronic liver failure was present in 22.6% of the
patients at admission and developed during
hospitalization in another 8.3%.! Newly devel-
oped acute-on-chronic liver failure occurred
within days after admission (maximum interval,
2 weeks), indicating that acute-on-chronic liver
failure in patients with cirrhosis occurs simulta-
neously with, or very early after, acute decom-
pensation.! Acute-on-chronic liver failure was
particularly prevalent among patients with alco-
holic cirrhosis; 60% of patients had hepatic
precipitating conditions (alcoholic hepatitis), ex-
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trahepatic precipitating conditions (most often
infections), or both. The fact that the remaining
40% of patients did not have a clinically identifi-
able precipitating event' is consistent with the
notion that acute-on-chronic liver failure can
occur for reasons yet to be identified. The 28-day
and 90-day transplantation-free mortality rates
were 32.8% and 51.2%, respectively, among pa-
tients with acute-on-chronic liver failure and
1.8% and 9.8%, respectively, among those with-
out acute-on-chronic liver failure! (Fig. 1C).

The prevalence of acute-on-chronic liver fail-
ure and the associated mortality rate are also
high in large-scale studies performed outside
Europe but using European criteria®®"” (Fig. 1C).
The disorder has been found to have a variable
course — resolving, improving, or worsening
within a few days or following a steady course!’
(Fig. 1D). Consequently, the prognosis for pa-
tients with each grade of acute-on-chronic liver
failure was less accurate when estimated at the
time of diagnosis than when estimated 3 to 7 days
later'® (Fig. 1E).

In a North American study using the North
American definition of acute-on-chronic liver
failure among patients nonelectively hospital-
ized for acutely decompensated cirrhosis, the
prevalence of acute-on-chronic liver failure was
10%, and the 30-day mortality rate was 41% (vs.
7% mortality in the absence of the syndrome).!?
Thus, the prevalence differs depending on the
definition used.’

A flare of hepatitis B virus infection is a com-
mon precipitating factor for acute-on-chronic
liver failure in Asia. In a study using the Asian
Pacific criteria for acute-on-chronic liver failure,
76% of patients with cirrhosis and hepatitis B
virus—related acute-on-chronic liver failure had
complications, including bacterial or fungal in-
fection in 32% of patients, the hepatorenal syn-
drome in 15%, and gastrointestinal hemorrhage
in 9%.% The 28-day and 90-day transplantation-
free mortality rates were 27.8% and 40.0%, re-
spectively.

A Veterans Health Administration study in-
volving a large series of patients with compen-
sated cirrhosis investigated newly developed
acute-on-chronic liver failure and compared the
Asian Pacific and European definitions.® The
incidence rate of acute-on-chronic liver failure
was 5.7 cases per 1000 person-years (95% confi-
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dence interval [CI], 5.4 to 6.0) with the Asian
Pacific criteria and 20.1 per 1000 person-years
(95% CI, 19.5 to 20.6) with the European crite-
ria. The 28-day and 90-day mortality rates for
acute-on-chronic liver failure were 41.9% and
56.1%, respectively, with the Asian Pacific crite-
ria and 37.6% and 50.4%, respectively, with the
European definition.?

PATHOPHYSIOLOGY

The pathophysiology of acute-on-chronic liver
failure is still largely unknown. Systemic in-
flammation may play a role. Patients with acute-
on-chronic liver failure have intense systemic
inflammation and oxidative stress, unlike pa-
tients who have acute decompensation but no
organ failure'®1 (Fig. 1F). Studies of acute-on-
chronic liver failure have shown that systemic
inflammation correlates directly with the sever-
ity of the syndrome; the greater the intensity of
systemic inflammation, the larger the number
of organ failures at enrollment and the higher
the short-term mortality.!* Bacterial infections!**
and acute alcoholic hepatitis®® are two precipi-
tants of systemic inflammation that are fre-
quently associated with acute-on-chronic liver
failure' (Fig. 2A). The mechanisms by which
gastrointestinal hemorrhage may precipitate
acute-on-chronic liver failure are less clear. How-
ever, severe hemorrhage may cause ischemic
hepatitis,* resulting in cell necrosis and release
of inflammatory stimuli. Moreover, gastrointes-
tinal hemorrhage confers a predisposition to the
development of bacterial infections.?” In the 40%
of patients with cirrhosis who have systemic
inflammation and acute-on-chronic liver failure
without any identifiable precipitating condition,!
translocation of bacterial by-products from the
intestinal lumen to the systemic circulation may
occur.” The mechanisms by which systemic in-
flammation may cause the failure of one or
more organs in patients with cirrhosis are sum-
marized in Figure 2A and 2B.?!%¢

PRINCIPLES OF TREATMENT

The Model for End-Stage Liver Disease with the
addition of the serum sodium level (MELD-Na)
score, in addition to scores based on the number
of failing organs, provides accurate prognostica-
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tion for individual patients with acute-on-chronic
liver failure.>*”3 The main principle of treat-
ment is to diagnose and treat the precipitating
event and then provide supportive therapy. Organ
support in an intensive care unit, with care over-
seen by physicians who are experts in liver man-
agement, may be of benefit for patients with
life-threatening, single- or multiple-organ failure
who do not have a response to standard therapy.
Table S2 provides information on management.
Many therapeutic recommendations are based
on clinical practice or on studies involving
critically ill patients without cirrhosis.”® In the
future, different therapies may be validated, de-
pending on the precipitating event (hepatic or
extrahepatic).

TREATING THE PRECIPITATING EVENT

Bacterial or Fungal Infection

The prevalence of infections, either precipitating
or complicating the syndrome, is about 50%
among patients with acute-on-chronic liver fail-
ure and 70% among patients with three or more
organ failures.”” The causative microbes are most
often bacteria, but fungi can be involved.! Treat-
ment of infections should be started as soon as
possible. The choice of antimicrobial therapy
relies on the organism isolated (if any), sus-
pected site of infection, site of acquisition, and
local antimicrobial-susceptibility patterns.

Acute Variceal Hemorrhage

Standard medical treatment includes the combi-
nation of a safe vasoconstrictor (terlipressin,
somatostatin, or analogues such as octreotide or
vapreotide, administered from the time of ad-
mission and maintained for 2 to 5 days) and
endoscopic therapy (preferably endoscopic vari-
ceal ligation, performed at diagnostic endoscopy
<12 hours after admission), together with short-
term antibiotic prophylaxis with ceftriaxone.”
The only vasoconstrictor currently available in
the United States is octreotide.”

Alcoholic Hepatitis

Prednisolone therapy is indicated for patients
with severe alcoholic hepatitis.?® The Lille score
is used for early identification of patients who
will not have a response to treatment.” The
score is calculated on the basis of age, bilirubin
and albumin values, prothrombin time, baseline

N ENGL J MED 382;22

status with respect to renal failure, and the
change in bilirubin levels between day 0 and day
7 of prednisolone therapy. The score ranges from
0 to 1. A score of 0.45 or higher at the seventh
day of treatment indicates no improvement in
the response to prednisolone and a low proba-
bility of short-term survival, as compared with
patients who have a response; treatment should
be discontinued. A score below 0.45 indicates a
positive response to treatment, which should be
continued for up to 28 days. The response to
prednisolone is negatively correlated with the
number of organ failures at baseline.”

Hepatitis B Virus Reactivation

Nucleoside or nucleotide analogues should be
started immediately in all patients with hepati-
tis B virus infection at presentation, pending
confirmation of the infection on the basis of the
viral DNA level. Potent antiviral drugs, such as
tenofovir, tenofovir alafenamide, or entecavir,
should be used.?

SUPPORTIVE THERAPY

Cardiovascular Support

Acute kidney injury is the most common organ
failure in patients with acute-on-chronic liver
failure in Western countries.! For patients with
acute kidney injury, management includes with-
drawal of diuretics and volume expansion (with
intravenous albumin), as well as urine tests to
determine whether the renal injury is acute tu-
bular necrosis or type 1 hepatorenal syndrome*
(Fig. 2A). If there is no response to volume ex-
pansion, treatment with a vasoconstrictor (terli-
pressin or norepinephrine) should be started,
particularly if urine tests point to type 1 hepa-
torenal syndrome.* The likelihood of a renal
response to vasoconstrictor therapy is inversely
related to the number of organ failures at base-
line.” For the management of persistent shock,
norepinephrine is the first-line vasopressor
agent.”®

Treatment of Encephalopathy

If the airway cannot be protected, intubation is
required. Lactulose is used for the initial ther-
apy, but its use should not be permitted to lead
to profuse diarrhea. The administration of ene-
mas to clear the bowel is a useful adjunct to oral
lactulose. Albumin dialysis may be used when
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ACUTE-ON-CHRONIC LIVER FAILURE

Figure 2 (facing page). Pathophysiology of ACLF in Patients with Cirrhosis.

Panel A shows the potential mechanisms of systemic inflammation in pa-
tients with cirrhosis and ACLF and the mechanisms by which systemic in-
flammation may cause organ failure in these patients. The mechanisms of
systemic inflammation depend on the precipitating event. In patients with
sepsis-related ACLF, the recognition of pathogen-associated molecular pat-
terns (PAMPs) by pattern-recognition receptors of the innate immune sys-
tem explains the induction of the systemic inflammatory response.? In the
context of sepsis, exaggerated inflammation can cause collateral tissue
damage and necrotic cell death, resulting in the release of damage-associ-
ated molecular patterns (DAMPs) that may perpetuate inflammation by
acting on the same pattern-recognition receptors that are triggered by
pathogens.? In patients with acute-on-chronic liver failure related to pri-
mary liver injury (e.g., alcoholic hepatitis), systemic inflammation can result
from the release of DAMPs by necrotic hepatocytes but can also result from
PAMPs related to infection, which is common in patients with alcoholic
hepatitis.? In patients with severe gastrointestinal hemorrhage, liver ische-
mia may cause hepatocyte necrosis?? and subsequent DAMP-induced inflam-
mation. In patients with acute-on-chronic liver failure in the absence of any
clinically clear precipitating event, systemic inflammation may result from
translocated bacterial PAMPs from gut lumen.? Intense systemic inflam-
mation can cause the failure of one or more organs through different
mechanisms that are not mutually exclusive. First, in splanchnic arteriolar
walls, inflammation can stimulate nitric oxide (NO) production, causing
NO-mediated splanchnic vasodilatation, reduction in the effective arterial
blood volume, homeostatic activation of endogenous vasoconstrictors, in-
tense renal vasoconstriction, renal hypoperfusion, reduction in the glomer-
ular filtration rate, and ultimately, type 1 hepatorenal syndrome (an acute
kidney injury that is specific for cirrhosis and is a form of ACLF).?#? Sec-
ond, intense inflammation can cause tissue damage, leading to the failure
of one or more organs.? Finally, in peripheral organs, systemic inflamma-
tion may induce mitochondrial dysfunction and thereby reduce ATP produc-
tion, an effect that would contribute to organ failure.?® Panel B summarizes
the main metabolic pathways involved in cellular energy production. Under
normal conditions, glucose enters the cytosol and is phosphorylated to glu-
cose-6-phosphate, the starting point for glycolysis, the pentose phosphate
pathway, and glucuronic acid synthesis. During glycolysis, glucose-6-phos-
phate is converted to pyruvate, which is then metabolized in the mitochon-
dria to acetyl-coenzyme A (acetyl-CoA) through the action of pyruvate de-
hydrogenase. Other sources of acetyl-CoA are fatty acids and amino acids.
Fatty acids bind to carnitine to form fatty acyl carnitines, which cross the
mitochondrial membrane through the action of carnitine—acylcarnitine
translocase. The replacement of carnitine by CoA gives rise to fatty acyl—
CoA, which is then metabolized through mitochondrial fatty acid beta-oxi-
dation to produce acetyl-CoA. Amino acids can be metabolized into acetyl-
CoA through specific metabolic pathways. Acetyl-CoA molecules are oxidized
in the Krebs cycle, which leads to reduced NADH, which in turn activates
the electron transport chain and triggers the synthesis of ATP by oxidative
phosphorylation. This process is the most efficient means of ATP genera-
tion and is associated with the release of superoxide anion (O;"). Blue and
red represent up-regulated and down-regulated metabolic processes, respec-
tively, which may occur in the context of systemic inflammation in ACLF, as
suggested by results of high-throughput metabolomics performed in patients
with ACLF.% In peripheral organs, systemic inflammation may inhibit both
the translocation of fatty acids into the mitochondria and their beta-oxidation,
resulting in decreased ATP production. In addition, systemic inflammation
may inhibit the electron transport chain and cause mitochondrial damage
through NO activation and accumulation of free fatty acids and reactive oxy-
gen species (ROS). Together, these mechanisms would contribute to ACLF
development.
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severe hepatic encephalopathy is refractory to
lactulose.*

Extracorporeal Liver Support

Two large, randomized trials showed that albu-
min dialysis, as compared with standard medi-
cal therapy, did not improve short-term survival
among patients with acute-on-chronic liver fail-
ure.313? More recently, an extracorporeal liver-
assist device that incorporates hepatocytes was
also found to be no more effective than the
standard of care.®® Randomized trials are cur-
rently assessing plasma exchange (e.g., APACHE
trial; ClinicalTrials.gov number, NCT03702920)
and strategies targeting albumin exchange and
endotoxin removal (DIALIVE trial, NCT03065699)
in patients with acute-on-chronic liver failure.

LIVER TRANSPLANTATION

The 1-year survival rate after liver transplanta-
tion among patients with acute-on-chronic liver
failure and one or two organ failures does not
differ significantly from the rate among patients
without acute-on-chronic liver failure.3** For
patients with three or more organ failures, the
1-year post-transplantation survival rate may ap-
proach 80%,343¢ as compared with a survival rate
of less than 20% among patients who do not
undergo transplantation.>** These data provide
compelling evidence in favor of transplantation
for patients with acute-on-chronic liver failure.

CONCLUSIONS

Acute-on-chronic liver failure is a syndrome that
affects patients with chronic liver disease; is
characterized by intense systemic inflammation,
organ failure, and a poor prognosis; and fre-
quently develops in close association with pre-
cipitating events. Whether extrahepatic organ
failure is a component of the syndrome or a
consequence of its progression is unclear, and
the potential role of bacterial infections as pre-
cipitating conditions is debated. Acute-on-
chronic liver failure is a major challenge for cli-
nicians and a stimulus for research in cirrhosis.
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