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Connection between HPS and ACLF: a solution of chaos?
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Hepatopulmonary syndrome (HPS) is classified as a pul-
monary vascular disorder that occurs in liver disease and/or
portal hypertension and is characterized by intrapulmonary
vascular dilatation with arterial deoxygenation. Nitric oxide
(NO) is a key factor for systemic and pulmonary vasodilata-
tion and plays a certain role in the hyperdynamic circula-
tory state in the patients. It is the consequence of abnor-
mal angiogenesis of the pulmonary microcirculation [1];
distal vessels are involved in remodeling, including dilated
precapillary and capillary vessels and precapillary arte-
riovenous communications [2]. HPS is detected in acute/
chronic liver diseases irrespective of the presence/absence
of portal hypertension; the prevalence is approximately 10%
in chronic viral hepatitis with or without cirrhosis, 18% in
orthotopic liver transplantation candidates and as high as
28% in Budd-Chiari syndrome [3, 4]. Cirrhosis is the com-
mon liver disease leading to HPS.

A prospective study in 111 cirrhotic patients reported that
the mortality of patients with HPS was significantly higher
(median survival, 10.6 months) than the mortality of patients
without HPS (40.8 months, p <0.05), even after adjusting for
the severity of liver disease (2.9 months in patients with HPS
[n=15] and 14.7 months without HPS [n=35, p <0.05] in
Child-Pugh class C) [5]. The presence of HPS was also an
independent predictor of survival by multivariate analysis,
and mortality correlated with the severity of HPS. Therefore,
the presence of HPS seems to be an independent and signifi-
cant factor for the prognosis of cirrhotic patients.

The development of portosystemic collaterals, reduced
liver function typified by the reduction of the intrahepatic
phagocytosis and the occurrence of bacterial translocation
in cirrhosis, provide inflammatory and angiogenic cytokines,
circulating bacteria or bacterial endotoxins to enter the pul-
monary circulation, damage the pulmonary endothelium and
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induce extensive recruitment of pulmonary intravascular
macrophages [6, 7]. Recent basic studies suggest that bac-
terial translocation and/or proinflammatory cytokines such
as tumor necrosis factor-a, interleukin-1 (IL-1) and IL-8,
which are upregulated in the lung and pulmonary intravas-
cular macrophages, are involved in the pathogenesis of HPS
[8-10].

Acute-on-chronic liver failure (ACLF) is considered
a distinct clinical syndrome that is demonstrated among
patients with acutely decompensated chronic liver disease
and/or cirrhosis. ACLF is characterized by an intense sys-
temic inflammatory response, single- or multiple organ sys-
tem failures, and a high 28-day mortality rate [11], although
detailed definitions differ according to the different interna-
tional criteria, Europe, North America, Asian Pacific region,
and China [12]. The poor prognosis of ACLF is generally
recognized; transplantation-free mortality rates were 32.8%
at 28 days and 51.2% at 90 days in patients with ACLF and
1.8% at 28 days and 9.8% at 90 days in those without ACLF
[13]. With the increased prevalence of nonalcoholic fatty
liver disease (NAFLD) worldwide, a recent study from the
United States based on the survey between 2005 and 2017
has shown the waitlist registrants for NAFLD-ACLF rose by
331.6% from 134 to 574 candidates (p <0.001), representing
the largest percentage increase in the study population [14].
They suggested that patients with NAFLD-ACLF will likely
have the highest risk of waitlist mortality.

Against this background, Ki et al. conducted a longitu-
dinal prospective observational study in 142 patients with
cirrhosis (median follow-up period, 28 months), all of whom
underwent saline-agitated contrast echocardiography for the
diagnosis of HPS in South Korea from 2014 to December
2019 [15]. In the basis of diagnosis, unfortunately, the defi-
nition/criteria of ACLF and HPS are not clearly described
in the manuscript. As for the former, the authors might
have used the Asian Pacific Association for the Study of the
Liver (APASL) definition as a member of Asian countries,
acute hepatic insult manifesting as jaundice (total bilirubin
levels of 5 mg/dl or more) and coagulopathy (international
normalized ratio > — 1.5, or prothrombin activity <40%)
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complicated within 4 weeks by clinical ascites, hepatic
encephalopathy, or both [16]. Also, as for the latter, inter-
national liver transplant society diagnostic and management
guidelines based on European respiratory society task force
on pulmonary-hepatic disorders is recognized as a reference
standard [17].

First, Ki et al. found that cirrhosis patients diagnosed
with HPS had a poor prognosis, which is not new and in
agreement with previous data [5]. However, the next data
appeared to be novel and attractive; the HPS group had a sig-
nificantly higher incidence of ACLF than the nonHPS group
(13 cases [15.6%] in the nonHPS group and 24 cases [40.6%]
in the HPS group, p <0.01) and more frequently presented
with lung involvement of ACLF (p=0.03), suggesting that
HPS is a significant risk factor for ACLF. The results may
have the potential to alter the practical management of cir-
rhosis patients with HPS to be much more careful.

In general, there may be two reasons to explain HPS-
related organ failure. One is the presence of hypoxemia,
which may cause multiorgan ischemic damage. The second
is extrapulmonary abnormalities due to right-to-left intrapul-
monary communications, supported by reports regarding the
development of a brain abscess or intracranial hemorrhage
and hypoxemia-induced polycythemia [3]. However, accord-
ing to the study by Ki et al., the severity of HPS had effects
neither on mortality in the HPS group nor on ACLF devel-
opment, although Child—Turcotte—Pugh (CTP, class B/C)
and model for end-stage liver disease (MELD) score > 18
were identified as risk factors for mortality in the HPS group
(CTP class B/C, hazard ratio [HR] =1.75, 95% confidence
interval [CI] 0.6-5.0, p=0.29; MELD score > 18 HR=2.51,
95% CI 1.32-4.8, p<0.01) [15]. The data seem against the
influence of the two factors, the presence of hypoxemia and
right-to-left intrapulmonary communications, as the cause
of ACLF. Meanwhile, there are some concerns which need
to be considered when we interpret the data presented by
Ki et al. First, as the severity of HPS is typically defined by
PaO, levels and the echocardiographic criteria seem subjec-
tive, more detailed explanation why the severity of HPS had
no impact on mortality may be necessary. Second, CTP B/C
cannot be labeled as a risk factor for mortality in HPS group
if the 95% Cl is 0.6-5.0, with p=0.29. Third, the number of
patients with CTP A was 30 in nonHPS group and 11 in HPS
group, and that of patients with CTP B/C was 53 in nonHPS
group and 48 in HPS group, showing significant difference
(»=0.0233). This may be responsible for more chances of
ACLF in HPS group rather than HPS itself. Point is, due to
the potential bias in the cohort, significance of HPS as a risk
factor for ACLF needs to be proven by the careful analysis
to rule out the impact of confounding factors.

What factors affect developing ACLF in the possible
pathophysiological mechanisms of HPS? The most likely
cause may be infection, as Ki et al. also mentioned in the
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manuscript [15]. Systemic inflammation plays a major role
in the pathophysiology of both HPS and ACLF [1, 2, 11];
patients with ACLF have intense systemic inflammation
and oxidative stress, unlike patients who have acute decom-
pensation but no organ failure [18-20]. Furthermore, the
evidence has shown that systemic inflammation correlates
well with the severity of ACLF: the greater the intensity
of systemic inflammation is the larger the number of organ
failures at enrollment and the higher the short-term mortality
[11]. However, this is just one of the possible reasons, and
the basic mechanism may not be simple.

The change in hepatic condition from compensated status
to decompensation/ACLF may be explained by the combina-
tion of predisposing, precipitating, and perpetuating factors
(Fig. 1). The following conditions are known as predispos-
ing factors: dysbiosis, immune dysfunction, alternation of
serum albumin, and genetic and epigenetic predisposition
[12]. Dysbiosis is characterized by qualitative and quantita-
tive alteration of the microbiome and is linked to intestinal
barrier dysfunction and increased intestinal permeability,
leading to bacterial translocation (called pathogen-associ-
ated molecular patterns). Dysbiosis is also affected by proton
pump inhibitors.

Next, cirrhosis is involved in immunodeficiency and
persistent proinflammatory immune cell activation, which
result in immune exhaustion, leading to immune dysfunc-
tion. Cirrhosis accounts for hemodynamic changes and
worsening of portal hypertension via systemic inflamma-
tion and stimulates the transition to decompensation and
organ failure. Alternation of transcriptional and epigenetic
profiles presented by downregulation of key innate immune
and metabolic pathways accompanied by the upregulation of
immune-related systems responsible for immune exhaustion
may be closely linked to CD144 monocytes in patients with
alcoholic hepatitis [21].

Oxidative damage is known to impair the binding prop-
erties of albumin, and the reduced binding capacity of
albumin site II is related mainly to impaired liver function
in advanced liver disease [22]. A study performed later
reported that oxidized albumin triggers a cytokine storm
in leukocytes through P38 mitogen [23]. Taken together,
the oxidation of albumin is closely associated with disease
progression in cirrhosis and may be predictive of their prog-
nosis. Elevation of ischemia-modified albumin may also be
linked with disease severity and may play a prognostic role
in ACLF [24]. Regarding genetics, although there may be a
potential impact on gene polymorphisms, this field is just in
the research stage, and there are only a few studies; sodium
dismutase polymorphisms [25] and the PNPLA3 G/G geno-
type may be associated with an increased risk of decompen-
sation [26].

Many factors are known as precipitating factors that
enhance the transition to acute decompensation/ACLF:
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Fig. 1 Existing mechanisms of developing acute-on-chronic liver fail-
ure. *Hepatotropic viruses (hepatitis A and E virus) and other viruses
(cytomegalovirus, Epstein Barr virus, SARS-CoV-2, and COVID-19).

bacterial infection, alcohol, gastrointestinal bleeding typi-
fied by variceal bleeding, medication-related liver damage,
deterioration (flare) of the disease such as autoimmune hepa-
titis, hepatitis B-related liver disease, and Wilson’s disease,
and acute infection with hepatotropic viruses (hepatitis A
and E virus) and other viruses (cytomegalovirus, Epstein
Barr virus, SARS-CoV-2, and COVID-19). Perpetuating
factors may be single or multiple events from predisposing/
precipitating factors, showing a vicious circle. Thus, further
studies may be needed to clarify the mechanism to develop
ACLF through HPS.

Based on these complex backgrounds, many attempts
have been made for the microbiome as a therapeutic tar-
get: improvement of dysbiosis and suppression of bacte-
rial translocation using fecal microbial transplantation,
antibiotics, probiotics, prebiotics, and short-chain fatty
acids [27]. Based on the principal pathophysiology of
HPS, bacterial overgrowth may be the axis of therapeutic
target to prevent bacterial translocation which may have
a potential to control HPS by suppressing NO synthe-
sis. However, against the animal study showing positive
results in decreasing bacterial translocation, pulmonary
macrophages, and the activity of NO synthase, a pilot ran-
domized crossover clinical trial of norfloxacin did show no
effect to improve HPS [28]. Validation of substantial role

**Liver diseases such as autoimmune hepatitis, hepatitis B virus-
related liver disease, and Wilson’s disease

of the medication remains to be elucidated by larger mul-
ticenter randomized trials. As for the future perspective,
it may be necessary to detect specific marker for both HPS
and ACLF, and the predictive factor for developing them.
In addition, it should be examined whether the treatment
for HPS may reduce the occurrence of ACLF and improve
the clinical outcome.

In conclusion, the study by Ki et al. demonstrated the
relationship between HPS and ACLF in such a compli-
cated mechanism to ACLF [14]. However, the connection
is also far from the solution, although the process may
have taken a step forward in elucidating the pathophysi-
ology to the transition to ACLF. There is still a chaotic
problem in the development of ACLF; therefore, continu-
ous efforts should be needed in the future.
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