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Abstract

Primary biliary cirrhosis (PBC), primary sclerosing cho-
langitis (PSC) and autoimmune hepatitis (AIH) constitute
the classic autoimmune liver diseases (AILDs). While
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AIH target the hepatocytes, in PBC and PSC the targets
of the autoimmune attack are the biliary epithelial cells.
Persistent liver injury, associated with chronic AILD, leads
to un-resolving inflammation, cell proliferation and the
deposition of extracellular matrix proteins by hepatic
stellate cells and portal myofibroblasts. Liver cirrhosis,
and the resultant loss of normal liver function, inevitably
ensues. Patients with cirrhosis have higher risks or
morbidity and mortality, and that in the decompensated
phase, complications of portal hypertension and/or liver
dysfunction lead to rapid deterioration. Accurate diag-
nosis and monitoring of cirrhosis is, therefore of upmost
importance. Liver biopsy is currently the gold standard
technique, but highly promising non-invasive methodology
is under development. Liver transplantation (LT) is an
effective therapeutic option for the management of end-
stage liver disease secondary to AIH, PBC and PSC. LT
is indicated for AILD patients who have progressed to
end-stage chronic liver disease or developed intractable
symptoms or hepatic malignancy; in addition, LT may
also be indicated for patients presenting with acute liver
disease due to AIH who do not respond to steroids.

Key words: Hepatic fibrosis; Cirrhosis; Myofibroblasts;
Primary biliary cirrhosis; Primary sclerosing cholangitis;
Autoimmune hepatitis; Liver transplantation

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In chronic liver disease, including autoimmune
liver diseases, perpetual liver injury leads to persistent
inflammation, cell proliferation and the deposition of
extracellular matrix proteins. If left untreated, this
process eventually leads to the development of liver
cirrhosis, characterised by the presence of fibrosis and
nodular regeneration. Liver biopsy is currently the gold
standard technique, but highly promising non-invasive
methodology is under development.

Liberal R, Grant CR. Cirrhosis and autoimmune liver disease:
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INTRODUCTION

Liver disorders with probable autoimmune aetiology include
autoimmune hepatitis (AIH), primary biliary cirrhosis (PBC)
and primary sclerosing cholangitis (PSC). Each disease
complies with, to varying extents, a proposed “multiple hit
hypothesis” accounting for autoimmunity development,
in which interacting environmental, infectious, genetic,
epigenetic and immunological factors account for the
loss of tolerance to self-constituents"!. While AIH target
the hepatocytes, in PBC and PSC the targets of the
autoimmune attack are the biliary epithelial cells. Each of
the autoimmune liver diseases (AILDs) is associated with
distinct epidemiological and dinical characteristics. However,
overlap syndromes, characterised by the coexistence of
features of more than one AILD, are increasingly being
recognised®.

AILDS

PBC

PBC is a cholestatic autoimmune liver disease chara-
cterised by progressive destruction of the small and
intermediate-sized bile ducts®!. The histologic picture
of PBC involves non-suppurative cholangitis with de-
struction of the biliary epithelium and portal infiltration of
inflammatory cells. PBC also presents with biochemical
evidence of cholestasis. PBC has pronounced female
preponderance and a strong tendency to present in
middle age™. Epidemiological characteristics of PBC are
outlined in Table 1.

High titre positivity for serum anti-mitochondrial
autoantibodies (AMAs) is pathognomonic for PBC,
being detected in up to 95% of patients®™!, Moreover,
asymptomatic people with AMA-positivity eventually
progress to disease development!®. AMAs target
lipoylated domains of the 2-oxoacid dehydrogenase
complexes, with the immunodominant epitope belonging
to the E2 components of the pyruvate dehydrogenase
complex®*”), PBC-specific anti-nuclear autoantibodies
(ANAs), with a characteristic “multiple nuclear dot” or
“nuclear membrane” pattern, are found in 25%-40% of
patients'®.,

There is mounting evidence that the development
of PBC can be accounted for by a proposed “multiple
hit” hypothesis for the development of autoimmunity
(Figure 1). The molecular mimicry hypothesis postulates
that microorganisms with epitopes that are structurally
similar to self-components trigger an immune response
with interspecies promiscuity. Several potential infectious
triggers have been proposed™ including Escherichia
colf™®* and Nosphingobium aromaticivoranst>*".,

Numerous lines of evidence demonstrate that genetic
factors alter susceptibility to PBC development. Female
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relatives of patients are at increased risk of developing
PBC, and there is a high concordance rate between
monozygotic twins!*®l, Strong genetic associations lying
within the MHC, for example HLA-DRS8 in Europe and
North America, have consistently been reported®?%,
Genome wide association studies (GWAS) have revealed
non-MHC gene associations that could be related to
abnormal immune activation, including IL12A, IL12RB2,
STAT-4 and CTLA-4"%,

Ursodeoxycholic acid (UDCA) is the standard treat-
ment for PBC, improving both biochemical and his-
tological indicators of disease activity and elongating
transplant-free survival time in a significant proportion of
patientst?*#,

PSC

PSC is a chronic inflammatory disease of the biliary epi-
thelium, characterised by progressive bile duct destruc-
tion. The small, medium and large bile ducts are affected
by obliterative concentric fibrosis which leads to the
development of biliary strictures®®®. In contrast to the
other AILDs, PSC affects males more commonly than
females™”. The median age of onset is approximately 41
years of age™®’ (Table 1).

The most common biochemical abnormality in PSC
patients is elevated serum alkaline phosphatase (AP)®®.
The most reliable diagnostic tool is cholangiography,
which enables visualisation of characteristic multifocal
strictures within the intra- and extra-hepatic bile ducts'®”’.
Concomitant inflammatory bowel disease (IBD), most
frequently ulcerative colitis, is found in up to 80% of
patients®®®*”,

As with the other AILDs, the aetiology of PSC remains
unknown but it is likely to follow the proposed multiple
hit hypothesis (Figure 1), resulting from interplay bet-
ween numerous genetic and environmental factors. The
strong link with IBD has led to the emergence of the
gut/lymphocyte homing hypothesis, which postulates
that memory lymphocytes primed in the gut-associated
lymphoid tissue, and therefore expressing the gut-
homing integin a4p7 and the chemokine receptor CCR9,
migrate from the gastrointestinal tract to the liver®*,
Importantly, the ligand for a4p7, MAdCAM-1, and the
cognate chemokine for CCR9, CCL25, both usually
restricted to the gut’®*¥, are aberrantly expressed in
the portal vein endothelium and sinusoidal endothelium
respectively in PSC patients. Moreover, approximately
20% of liver-infiltrating T cells express o047 and CCR9,
and have an effector memory phenotype* >, The
“leaky gut hypothesis”, on the other hand, involves
direct translocation of intestinal flora via the portal
vein®, Although direct evidence of this phenomenon is
lacking®®®, future studies investigating the influence of
the gut microbiota on PSC development/progression are
warranted.

Similarly to the other AILDs, the strongest PSC genetic
associations lie within HLA gene. In GWAS, the strongest
association signals have been found near HLA-B"®7%,
There are, however, also believed to be HLA class 1I
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Table 1 Epidemiological characteristics associated with the three autoimmune liver diseases

PBC PSC AlH
Female/male ratio 10/1 1/2 4/1
Average age at presentation 50 41 Childhood/adolescence and

approximately 40

Incidence 0.33-5.8/100000 0-1.3/100000 0.08-3/100000
Prevalence 1.91-40.2/100000 0-16.2/100000 11.6-35.9/100000
Risk within family 1* degree relative incidence 4%-6% Unknown Unknown
Concordance in monozygotic twins 60% Only case reports Only case reports
Note AMA positivity Frequent association with IBD Positivity for ANA and or SMA

Increased risk of hepatobiliary/colorectal (AIH type-1) or anti-LKM-1 (ATH

malignancies type-2)

ATH: Autoimmune hepatitis; AMA: Anti-mitochondrial autoantibodies; ANA: Anti-nuclear autoantibody; IBD: Inflammatory bowel disease; LKM: Liver

kidney microsomal; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; SMA: Smooth muscle autoantibody.

Immune system

Genetics Epigenetics

Environment

Figure 1 “Multiple hit hypothesis” accounting for the development of
autoimmune disease. Interplay between immunological, genetic, epigenetic
and environmental factors is thought to account for the loss of tolerance to self
constituents in AILD. AILD: Autoimmune liver disease.

susceptibility genes contributing to the association signal
found within in this region™***, Non HLA associations
identified by GWAS include BCL2LII, which encodes the
pro-apoptotic protein BIM, TNFRSFi+ and IL2RA®>,

AlH
AIH is a progressive inflammatory disease which, in
contrast to the two cholestatic AILDs, targets the hepa-
tocytes themselves. AIH has marked female predilection.
AIH can present at all ages, but the two peak ages of
incidence are in childhood or adolescence and at around
40 years of age™* (Table 1). Trademark biochemical/
serological characteristics of AIH are elevated amino-
transferase levels, positivity for autoantibodies and
increased IgG. A histological picture of interface hepatitis
is typical of AIH. Autoantibody positivity is an important
clinical feature of AIH, facilitating diagnosis and enabling
distinction between two types of the disease. Patients
seropositive for ANA and/or anti-smooth muscle auto-
antibodies (SMA) have AIH type-1 whereas those
presenting with positivity for anti-liver kidney type-1
autoantibody (anti-LKM-1) or anti-liver cytosol type-1
(anti-LC-1) have AIH type-21**2,

Although AIH aetiology remains to be elucidated,
available evidence is strongly suggestive of interplay
between genetic and environmental factors (Figure 1).
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The observation that the hepatitis C virus shares high
sequence homology with the auto-antigenic target of
anti-LKM-1 autoantibodies, cytochrome P450-2D6, has
led to the suggestion that molecular mimicry could trigger
AIH development in a genetically predisposed host!****!,
Other potential triggers for AIH include the hepatitis B
virus, cytomegalovirus and the herpes simplex virus'?..

Genetic associations affecting susceptibility to disease
development, response to therapy and prognosis have
been reported™®. The most significant genetic associations
lie within the MHC, at the HLA-DRB1 locus. Susceptibility
to AIH type-1 is linked to alleles encoding the HLA-DR3
and DR4 molecules®, while AIH-2 susceptibility and
severity have been linked to alleles encoding the HLA-
DR3 and DR7 molecules™”. Susceptibility to AIH has also
been linked to polymorphisms in genes located outside
the MHC, including CTLA-4™®, TNF-o/*' and Fas"™”..

With the standard treatment regimen for AIH - pre-
dnisolone, with or without the addition of azathioprine -
up to 80% of AIH patients are able to reach remission™"’,

Overlap syndromes

It is not uncommon for patients to present with features
characteristic of AIH and either PSC or PBC. Because
standardised and validated diagnostic criteria are lack-
ing, these “overlap syndromes” remain ill defined.
PBC/AIH overlap is present in some 10% of AIH or PBC
patients®>**, and the most commonly used method for
diagnosis is the presence of two of the following features
of AIH in conjunction with two of the following features
of PBC. The AIH features are: (1) ALT at least 5 times
the upper limit of normal (ULN); (2) SMA positivity or
IgG level of at least 2 times ULN; and (3) liver histology
showing moderate or severe periportal or periseptal
inflammation. The PBC criteria are: (1) AP at least twice
ULN or gamma glutamyl transferase above 5 times
ULN; (2) AMA positivity; and (3) bile duct lesions on
liver biopsy™*>***), AIH/PSC overlap is now believed to
represent a significant proportion of patients with AILD™*",
The characteristics of AIH/PSC overlap are the classical
features of AIH-1 - positivity for ANA and/or SMA,
high IgG levels and interface hepatitis on biopsy - in
addition to biochemical evidence of cholestasis, frequent
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Figure 2 Development of fibrosis and cirrhosis in autoimmune liver
disease. Persistent autoimmune-mediated inflammation and liver cell injury
leads to the activation and differentiation of quiescent hepatic stellate cells (HSC)
and portal fibroblasts (PF) into activated myofibroblasts. These proliferative,
pro-inflammatory and pro-fibrogenic myofibroblasts increase collagen synthesis
and deposit extracellular matrix proteins (ECM), leading to the development of
fibrous scar tissue. Cirrhosis, characterised by significant fibrosis and nodular
regeneration, eventually ensues, with the resultant loss of liver function and
eventually liver failure.

occurrence of IBD, histological features consistent with
PSCP®, Cholangiographic evidence of intrahepatic or
extrahepatic PSC also supports this diagnosis™.

FIBROSIS: KEY PLAYERS

In chronic liver disease, including AILD, perpetual liver
injury leads to persistent inflammation, cell proliferation
and the deposition of extracellular matrix proteins.
If left untreated, this process eventually leads to the
development of liver cirrhosis, characterised by nodular
regeneration diffuse nodular regeneration surrounded
by fibrotic septa with consequent extinction of the paren-
chyma, together leading to distortion of hepatic vascular
architecture®, Loss of normal liver function inevitably
ensues (Figure 2)".

Hepatic stellate cells, found in the space of Dissé,
have long been believed to be the main contributors
to liver fibrosis. Liver damage induces hepatic stellate
cells to differentiate into proliferative and contractile
myofibroblasts, with a pro-inflammatory and fibrogenic
phenotypel® 3., Portal fibroblasts, located in the con-
nective tissue of the portal triad are another source of
myofibroblasts®. These are of particular importance
in the context of the cholestatic AILDs. Liver damage
leads to the myofibroblastic differentiation of quiescent

Raishidenge ~ WJH | www.wjgnet.com

portal fibroblasts®®, a process which can be enhanced
in these conditions by the cholangiocytes themselves.
When cholangiocytes become “reactive”, they proliferate
and express co-stimulatory molecules, chemokines and
pro-fibrogenic molecules, therefore further promoting
fibrogenesis'® ., Bile acids, elevated as a consequence
of cholestasis, could also perpetuate fibrogenesis in-
directly by damaging hepatocytes™, or by directly target-
ing myofibroblasts.

It has also been suggested that hepatic myofi-
broblasts could arise from hepatocytes or cholangiocytes
via epithelial-mesenchymal transition, whereby polarised
epithelial cells undergo phenotypic transformation in re-
sponse to microenvironmental cues’”. There are reports
that hepatic epithelial cells can acquire some of the
phenotypic characteristics of myofibroblastic cells in vitro.
Co-expression of epithelial and fibroblastic cell markers
has also been described in human tissue sections”*”,
However, partly because these cell “markers” inadequately
define both the epithelial and fibroblastic populations,
conclusive evidence of epithelial-mesenchymal transition
has been hard to come by. Furthermore, lineage tracing
studies, using Cre/lox recombination, have failed to find
evidence of liver epithelial cell-mesencymal transition in
murine models of bile-duct ligation or hepatitis induced
by carbon tetrachloride (CCLs) or 3,5-diethoxycarbonyl-
1,4-dihydrocollidine”®””.

NATURAL HISTORY OF CIRRHOSIS

It is well known that, compared with pre-cirrhotic patients,
patients with cirrhosis have higher risks or morbidity and
mortality”®. Cirrhosis can be divided into a compensated
phase, free of symptoms, and a decompensated phase,
in which complications of portal hypertension and/or liver
dysfunction lead to rapid deterioration. The two stages
can be considered separate clinical entities according
to the AASLD and EASL guidelines”. Median survival
time in the compensated phase is over 12 years, whe-
reas survival in the decompensated phase drops to
approximately 2 years. The decompensated phase is
defined by the development of jaundice, ascites, variceal
haemorrhage or encephalopathy™”®!, The compensated
stage has been further divided into stage 1, consisting
of patients lacking varices, and stage 2, characterised
by the presence of varices in the absence or variceal
bleeding. The decompensated stage has been split into
stage 3, associated with ascites and a lack of variceal
haemorrhage, and stage 4, comprising patients with
variceal haemorrhage (with or without ascites). One year
mortality rates of 1%, 3%, 20% and 57% respectively
have been reported®™®, In a recent study, however,
Zipprich et af®*" (2012) failed to replicate entirely these
reported values, finding that stage 3 and stage 4 patients
had one year survival rates of approximately 20% and
18% respectively. The authors of this study cite recent
advances in variceal haemorrhage therapy™' as a
potential reason for this discrepancy and proposed modi-
fications to the system of stratification. The newly defined
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stage 3 consists of patients with variceal haemorrhage
but without ascites, while stage 4 is characterised by the
presence of ascites (with or without variceal bleeding)®*.

The risk of progression from compensated to
decompensated cirrhosis is approximately 31% in
the first year of diagnosis and 5%-7% thereafter®.
Because of the striking reduction in survival time in
the decompensated state, it is important to identify
patients at greatest risk of cirrhosis progression. Newly
developed non-invasive techniques for fibrosis/cirrhosis
assessment are currently being tested.

The Child-Pugh, and more recently developed Model
of End-Stage Liver Disease (MELD) Scores are the most
widely used methods by which prognosis is assessed
in the context of end-stage liver disease. The Child-
Pugh Score incorporates values between 1 and 3 for
each of the following criteria: Degree of encephalopathy,
presence of ascites, serum bilirubin and albubin levels
and international normalised ratio (INR). The MELD score
encompasses bilirubin, INR and creatinine levels™”, MELD
was initially developed for predicting survival following
transhepatic portosystemic shunt, but is now used to
accurately predict survival in the context of cirrhosis™,
list patients for transplant and allocate organs.

DIAGNOSING CIRRHOSIS

Liver biopsy is still the most accurate and widely used
method by which cirrhosis can be diagnosed and staged.
There are, however, notable disadvantages to this me-
thod of examination, including cost, risk of bleeding, and
sampling error™®., Non-invasive tests for both diagnosis and
assessment of fibrosis/cirrhosis progression are becoming
increasingly sought. Proposed tests include those using
the results of routine liver-function examinations, such as
the AST-to-platelet ratio index, as well as examinations
to measure liver stiffness; FibroTest and transient
elastography (TE; FibroScan)®!l, There are promising
indications that non-invasive methods could be used in
the context of AILD. In PBC, liver stiffness tests show
high performance in diagnosing significant fibrosis,
severe fibrosis and cirrhosis. Progression of liver stiffness
has also been used as an accurate measure of overall
prognosis in PBC®**Y, The addition of serological markers
to the liver stiffness score does not appear to improve
test outcome’®. In a study also involving both PBC and
PSC patients, liver stiffness was also shown to correlate
with progression of fibrosis and histological scores'>.
Using a cohort of 404 patients with varied liver diseases,
including PBC, PSC and AIH, Malik et a/*® (2010) found
that liver stiffness scores accurately identified patients
with compensated cirrhosis. Although highly promising,
these results, particularly in the context of AIH, need to
be confirmed in larger cohorts of patients.

CIRRHOSIS IN AILDS

Cirrhosis in PBC
PBC progresses through a number of stages: Preclinical,
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asymptomatic, symptomatic, and liver failure. The pre-
clinical phase is symptom-free and is associated with
AMA positivity in the absence of biochemical indications
of liver disease!®®”. Biochemical abnormalities eventually
appear after a median time of 5.6 years (range, 1-20
years)™, but this phase is not yet associated with the
presence of symptoms. When symptoms eventually
develop, they are most commonly fatigue and pruritus,
and later varices, oedema or ascites.

Liver failure is characterised by the accelerated
development of jaundice, and is associated with poor
prognosis®®®. Mean survival for patients with a bilirubin of
2.0 mg/dL is 4 years, while for those with bilirubin of 6.0
mg/dL is only 2 years®®®, PBC prognosis has dramatically
improved in the last 20 years thanks to earlier diagnosis
and the introduction of UDCA as the mainstay of treat-
ment[99,100] .

UDCA slows fibrosis progression and delays cirrhosis
development™™, In clinical trials, UDCA treatment of
PBC patients decreased the development of oesophageal
varices and prolonged survival™®>', Cirrhosis does,
however, still develop in UDCA-treated PBC patients!'®”.
Indeed, the development of cirrhosis under UDCA treat-
ment is an independent predictor of negative outcome™*'””),

Histologically, PBC can be divided according to the
presence of fibrosis/cirrhosis into four stages™®'*. Stage
one is characterised by portal inflammatory cell infiltrate,
which, in stage two, invades the liver parenchyma. In
stage three, bridging fibrosis, in which fibrotic septa
extend from and link the portal tracts, can be seen.
Stage four is characterised by progression to cirrhosis™,
The development of cirrhosis does not occur uniformly
throughout the liver, thus features of all four stages can
ocur simultaneously in a single biopsy specimen. Histo-
logical staging should depend upon the most advanced
histological features®.

Histological stages can predict survival of PBC pati-
ents!?, In untreated PBC patients, the median time to
the development of extensive fibrosis is 2 years. The
probability of remaining in early stages after 4 years is
29%, whereas development of cirrhosis occurs in 50%
of patients originally demonstrating histological evidence
of interface hepatitis without fibrosis™*. In two studies
the proportion of patients developing liver failure during
a follow-up time of 5 years was found to be 15%"** and
25%"*?, The development of oesophageal varices, and
the associated impact on survival, has been examined
in a prospective study over the course of 5.6 years, which
included 256 patients™*. Twenty-eight percent of patients
were cirrhotic. Nearly one-third of patients developed
oesophageal varices, after which the 3-year survival
was 59%. Survival after the first bleeding episode was
46%™MY,

The introduction of UDCA as first line treatment for
PBC patients has changed the natural history of the
disease!*'%*>118] Indeed, the number of PBC patients
requiring liver transplantation (LT) decreased by 20% in
between 1996 and 2006"*!, Additionally, PBC has fallen
in the ranking of the most common indications for LT
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from the first to the sixth place LT over a period of 20
years?®,

Several papers have also assessed the impact of
UDCA therapy on the progression rate of cirrhosis in PBC
patients. Corpechot et a/'””’ examined progression to
cirrhosis in 183 UDCA-treated PBC patients. In this study,
21% of patients developed cirrhosis during follow-up.
The incidence of cirrhosis in patients followed up from
stages 1, 2 and 3 was 4%, 12% and 59% respectively
and the median length of times to cirrhosis develop-
ment was 25, 20 and 4 years respectively. Albumin and
bilirubin levels, and the histological severity of interface
hepatitis were independently associated with progression
to cirrhosis; cirrhosis was most likely to develop in patients
with serum bilirubin over 17 ymol/L, serum albumin below
38 g/L and in patients with moderate to severe interface
hepatitis!'”). The impact of UDCA treatment oesophageal
varices development has been examined in a 4-year
prospective study including patients who received UDCA
vs patients who received placebo. In the UDCA arm, the
risk of varices development was 16%, while for those in
the placebo group was 58%""%%,

Cirrhosis in PSC

Typical symptoms of PSC, occurring in a variable number
of patients include pruritus, abdominal pain, malaise,
weight loss, and episodes of fever and chills!'”. About
50% of PSC patients will present symptomatically™®**,
Similarly to PBC, PSC progresses through four histo-
logical stages'*®". In stage 1, which is known as the
portal stage, changes are restricted to the portal tracts
with features of mild hepatitis and cholangitis. Stage 2,
known as the periportal stage, is characterised by ex-
tension of the lesion to include periportal fibrosis and
occasionally interphase hepatitis. In this phase, the
portal tracts are often notably enlarged. By stage 3, the
septal stage, bridging fibrous septa have developed and
the bile ducts have begun to degenerate and disappear.
Stage 4 is characterised by cirrhosis™. The rate of pro-
gression through these stages has been investigated.
Of PSC patients in the periportal stage, 42%, 66% and
93% progressed over 1, 2 and 5 years respectively.
Of patients in the septal stage, 14%, 25% and 52%
progressed over 1, 2 and 5 years respectively. In 15% of
total observations, regression of histologic stage could be
observed, highlighting the problem of sample variability
when serial liver biopsies are used during the period of
follow-up™*.

PSC can present at later stages of disease deve-
lopment, with complications of cirrhosis and portal
hypertension'??., Similarly to other causes of cirrhosis,
portal hypertension gradually develops in cirrhotic PSC
patients*?!, In one study, 36% of 283 newly diagnosed
PSC patients had varices!*?!,

Cirrhosis in AIH

In a cohort of over 450 AIH patients, 30% had evidence
of cirrhosis at diagnosis, with a further 10% developing
cirrhosis during a median follow-up time of 7.2 years.
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The presence of cirrhosis at diagnosis correlated with
negative outcome (LT or death)™*. In another study,
including 126 AIH patients, Feld et at**® (2005) reported
that 33% of patients had histological evidence of cirr-
hosis at diagnosis. With the exception of platelet count,
which was lower in patients with cirrhosis, laboratory
parameters, patient demographics and AIH scores did
not differ between cirrhotic and non-cirrhotic patients.
A similar frequency of patients from each group were
symptomatic at diagnosis and an equivalent proportion
had good response to treatment!***!, Importantly,
similar response to treatment has also been reported
elsewhere!®., Feld et a'**! (2005) also found, however,
that the presence of cirrhosis significantly increased risk
of progression to LT or death. Consistent with the above
studies, Verma et al'**”? (2004) reported that 28% of
AIH patients were cirrhotic at diagnosis. In this study,
a further 20% of patients developed cirrhosis during
52 mo of follow-up. Again, cirrhosis was an independent
predictor of poor outcome in this cohort™?”, On the
other hand, studies in the adult™®***® and paediatric™*”
settings, of comparable size and methodology to those
described above, have not found associations between
the presence of cirrhosis at diagnosis and the likelihood
of poor outcome.

In one study, patients diagnosed between the ages of
21 and 60 years of age were more likely to present with
cirrhosis than those outside of this range. Male patients
were also more likely to have cirrhosis compared to their
female counterparts. Low serum albumin concentrations,
prolonged INR and low platelet count were all more
frequently associated with the cirrhotic group of AIH
patientst**”,

There are indications that cirrhosis is more common
among AIH type-1 patients compared to patients with
type-2 AIH. In a paediatric study, 69% of ANA/SMA
positive patients had evidence of “definite cirrhosis” on
initial biopsy, whereas only 38% of patients positive for
anti-LKM-1 were cirrhotic. On follow-up these values

increased to 74% and 44% respectively™,

LT IN AILDS

LT is indicated for AILD patients who have progressed to
end-stage chronic liver disease or developed intractable
symptoms or hepatocellular carcinoma (HCC)™****; in
addition, LT may also be indicated for patients presenting
with acute liver disease due to AIH who do not respond to
steroids™**. In total, AILDs accounts for almost one fourth
of LTs performed in the United States and in Europe™*’,

LT for PBC

The indications for LT in PBC are, for the most part,
identical to those in patients with end-stage chronic liver
disease of other aetiology™®***?. The majority of trans-
plants occur due to end-stage chronic liver disease when
the MELD score is higher than 16™®. Other indications
for LT include HCC, portopulmonary hypertension or
hepato-pulmonary syndrome™”. Other than this, few
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PBC patients with non-cirrhotic portal hypertension
associated with obliterative portal venopathy or nodular
regenerative hyperplasia will benefit from transplant!**®.,
Finally, even when liver function is sufficient™, LT may
be indicated if intractable symptoms, most notable re-
fractory pruritus, are present!*’4%,

The immunosuppressive regimen most commonly used
following LT is a combination of corticosteroids, which are
withdrawn over a period of three months, a calcineurin
inhibitor (CNI) and mycophenolate mofetil or azathioprine.
This regimen has a very successful outcome!™®; with 1,
3 and 5 year patient survivals of 94%, 91% and 82%
respectively, and graft survivals of 85%, 83% and 75%
respectively*!l, Analysis of the UNOS database showed
that PBC living donor transplant recipients had estimated
1, 3 and 5 year patient survivals of 93%, 90% and 86%
and deceased donor transplant recipients had estimated
survivals of 90%, 87% and 85% respectively. Estimated
graft survivals at 1, 3 and 5 years for living donor LT
was 86%, 81% and 77% respectively, and for deceased
donor LT was 85%, 83% and 81% respectively™*.

LT for PSC

Similarly to PBC, and other liver diseases associated with
cirrhosis, LT is indicated in PSC patients with end-stage
liver disease (i.e., with a MELD score above 16)"**'*,
HCC can occur in PSC patients with cirrhosis, and in this
context, LT prioritisation follows the same rule as that for
other cirrhotic patients with HCC™***1, In PSC, LT may
also be indicated in patients with intractable pruritus or
those with recurrent bacterial cholangitis, and limited
stage cholangiocarcinomal™ #2243,

LT for PSC usually has good outcome!*. In one
report, the 1, 2 and 5 year actuarial patient survivals for
LT for PSC were 90%, 86% and 85%, and graft survivals
were 82%, 77% and 72% respectively™®. In a study
from the Mayo Clinic comprising 150 transplanted PSC
cases, similar patient survival at 1, 2, 5 and 10 years of
94%, 92%, 86% and 70%, and graft survival of 83%,
83%, 79% and 61% was reported**”,

LT for AIH

Overall, AIH accounts for some 3% of paediatric and
up to 6% of adult LTs"". The natural course of AIH is
understood mostly thanks to the last placebo-controlled
trials published 4 decades ago'****", These reports
demonstrated that, without treatment, AIH patients
have poor survival with 40% of deaths within 6 mo from
diagnosis. With treatment, 10-year survival rate of AIH
patients is over 80%!"***4,

LT is indicated for AIH patients presenting with acute
liver failure who do not respond to steroids, for those
patients with advanced cirrhosis and for those with
HCC[BG'ISZ].

The immunosuppressive strategy most commonly
adopted consists in the combination of prednisolone and
a CNI™?, leading to excellent outcome with 5 and 10
year patient survivals of 90% and 75%"™", and 1 and 5
year graft survivals of 84% and 75%"""**",
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Abstract
Echinococcus granulosus (E. granulosus) and Echino-
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coccus multilocularis (E. multilocularis) infections are the
most common parasitic diseases that affect the liver.
The disease course is typically slow and the patients
tend to remain asymptomatic for many years. Often the
diagnosis is incidental. Right upper quadrant abdominal
pain, hepatitis, cholangitis, and anaphylaxis due to
dissemination of the cyst are the main presenting
symptoms. Ultrasonography is important in diagnosis.
The World Health Organization classification, based
on ultrasonographic findings, is used for staging of
the disease and treatment selection. In addition to the
imaging methods, immunological investigations are
used to support the diagnosis. The available treatment
options for £. granulosus infection include open surgery,
percutaneous interventions, and pharmacotherapy.
Aggressive surgery is the first-choice treatment for £
multilocularis infection, while pharmacotherapy is used as
an adjunct to surgery. Due to a paucity of clinical studies,
empirical evidence on the treatment of £ granulosus and
E. multilocularis infections is largely lacking; there are no
prominent and widely accepted clinical algorithms yet. In
this article, we review the diagnosis and treatment of £
granulosus and E. multilocularis infections in the light of
recent evidence.

Key words: Echinococcus granulosus; Echinococcus
multifocularis; Liver; Ultrasonography; Albendazole

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: £chinococcus granulosus and Echinococcus
multifocularis infections are the most common parasitic
diseases of the liver. They could be asymptomatic for
many years. Most of the asymptomatic patients are
diagnosed incidentally. Ultrasonography is important
in diagnosis. There is no standardized and widely acc—
epted treatment approach.
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INTRODUCTION

Cystic echinococcus (CE) is a parasitic illness, caused by
infection with Echinococcus granulosus (E. granulosus) in
its larval stage'™. Although the disease occurs worldwide,
it is endemic in Africa, South America, and Eurasia®®*.
The liver is the most commonly affected organ; however,
the lungs, spleen, kidney, brain, and breasts may be
involved™. Mortality from CE is usually due to the develop-
ment of complications and is reported to be 2%-4%"".
The disease course is typically slow and most CE patients
remain asymptomatic for several years. In addition,
due to non-specific symptoms, the diagnosis is often
incidental™®. Hepatic alveolar echinococcus (AE) referring
to the intrahepatic growth of the larvae of Echinococcus
multilocularis (E. multilocularis) is a rare yet serious
disease. When the epidemiology of AE is analyzed, it is
striking that the disease is encountered in the northern
hemisphere only™.

Complications of the echinococcal disease include
allergic reactions to the dissemination of cyst contents
due to spontaneous, traumatic or iatrogenic rupture,
secondary infection, and cholangitis™'***. While most
CE patients have a single cyst, 20%-40% tend to harbor
multiple cysts™.

Although a wide range of treatment methods have
been identified (medical, percutaneous, monitoring, and
surgical), a standardized treatment protocol has yet to
be defined.

In this article, we present an update on the diagnosis
and treatment of the CE and AE diseases in the liver in
the light of emanating evidence.

E. GRANULOSUS INFECTION

Life cycle

E. granulosus is a small sized tapeworm with 10 different
genotypes. The definitive host of this parasite is the dog
and other members of canids; the intermediate hosts
include members of the ungulates such as sheep, goat,
and pigs. The adult parasites localize in the liver of the
definitive host; eggs are excreted via the stool of the
host. Upon oral ingestion of the eggs by the intermediate
host, the eggs hatch within the stomach and intestine.
Oncosphere larvae emerge and cling onto the small
intestine by its hooks. Subsequently, the oncosphere
larvae migrate to organs such as the liver and lungs
through the blood and lymph vessels. Humans are
accidental hosts and not essential to the life-cycle of
Echinococcus. Infection occurs after the oral ingestion of
eggs. The eggs grow inside the host organs and form a
cyst (hydatid cyst). Hydatid cysts are round in shape and

Raishidenge ~ WJH | www.wjgnet.com

are usually filled with a clear fluid. The inner part of the
cyst features a germinating membrane while the outer
part features a laminated layer. In time, the parasite
matures and evokes a granulomatous inflammatory
reaction which leads to walling off of the cyst by fibrous
tissue. In time, budding (germination) occurs from the
germinative membrane and blisters are formed (Figure 1).
The protoscolexes, which occur inside the organ that the
definitive host consumed, open up and Echinococcus
matures into adult from dlinging onto the intestine of the
definitive host, thus completing the cycle!**” (Figure 2).

Clinical presentation

Most patients have an asymptomatic disease course. The
most important reason for this is the slow growth rate of
the cysts (1-5 mm per year). Therefore, symptoms usually
develop in adulthood™***¥, The most common presenting
symptoms are discomfort in the right upper quadrant of
abdomen and loss of appetite. Other symptoms may
include pain caused by an increase in the size of the cyst,
anaphylactic reaction™ induced by the rupture of the
cyst, hepatitis, and cholangitis due to biliary obstruction
caused by the daughter vesicles™™, secondary infection
of the cyst, embolism™*, and subphrenic or intracystic
abscess!™®. In 90% of the patients, the cysts open into
the biliary tract, which causes the complications listed
above®., In approximately 10% of cases, intraperitoneal
rupture of the cyst induces anaphylaxis. In addition,
secondary CE may develop due to the rupture of the cyst,
and this may lead to a much larger mass developing over
a relatively short period™. Patients are usually diagnosed
incidentally during radiological examination conducted for
complaints unrelated to CE. During physical examination,
hepatomegaly, palpable mass in one right upper quad-
rant, and abdominal distension may be encountered as
well.

For patients who develop hepatitis, colic pain, portal
hypertension, acidity, pressure in inferior vena cava, and
Budd-Chiari syndrome, liver hemangioma, liver cysts,
adenoma, liver abscess, hepatocellular cancer, liver
metastasis, and in addition, liver Echinococcus should
be taken into account during the differential diagnosis of
the masses that are found in the liver**?,

Diagnosis
Most of CE patients at the asymptomatic early stage are
diagnosed incidentally. Diagnosis relies on imaging and
immunological tests. Ultrasonography is a convenient
tool for diagnosis that indicates the location, number,
and size of the cysts with relative ease!®*"*'8*?4,
However, small-sized cysts may not be detected by
ultrasonography. The criteria for classification of liver
cysts on ultrasonography, which were first developed
by Gharbi in 1981, were improved by the World Health
Organization (WHO) in 2001 (WHO-IWGE)™*® (Tables 1
and 2). The WHO dlassification includes cysts of unknown
origin and includes modified subtypes of the Types 2 and
3 cysts!™¥. There are three categories of cysts: Active,
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Table 1 The Gharbi classification of hydatid cysts

Type Characteristics

I Unilocular cyst, wall and internal echogonicities

I Cyst with detached membrane (water-lily sign)

Jiis Multivesicular, multiseptated cyst, daughter cyst (honeycomb
pattern)

v Hererogeneous cyst, no daughter vesicules

Vv Cyst with partially or completely calcified wall

Table 2 The World Health Organization classification of

hydatid cysts

WHO stage Characteristics Activity

CE1 Uniloculer, anechoic cyst with double line Active
sign

CE2 Multiseptated “rosette-like” “honeycomb Active

patern” cyst

CE3a Cyst with detached membrane (water-lily ~ Transitional
sign)

CE3b Daughter cysts in solid matrix Transitional

CE4 Hererogeneous cyst, no daughter vesicules Inactive

CE5 Solid matrix with calcified wall Inactive

WHO: World Health Organization.

transitional, and inactive'”’. Types 1 and 2 cysts are
considered “active” while Type 3 cysts are considered
“transitional”. Types 4 and 5 cysts are categorized as
“inactive”®”, However, this classification has changed with
the long term results of the medical and percutaneous
treatment and the usage of the high-field magnetic
resonance spectroscopy. Type 3 cysts, which are con-
sidered transitional, are further divided into two sub-
groups: CE3a (separated endocysts) and CE3b (solid
type containing doughter vesicle)?®), Some studies
have suggested that CE3a cysts are inactive while CE3b
cysts are active!"?!, Ultrasonography may also be
used for monitoring of the lesion. For patients who have
received treatment, post-treatment follow-up examinations
every 3-6 mo until stabilization of the cyst, and annual
examinations thereafter, are recommended. In general,
a period of 5 years without recurrence is considered
sufficient®. Magnetic resonance imaging (MRI) and
computer tomography (CT) may be required in some
cases, where ultrasonography fails to provide a defini-
tive diagnosis. These include obese patients, patients
with subdiaphragmatic cyst or secondary infection of
cysts, complicated cases such as biliary fistula, cases
with extra-abdominal spread, and patiens who have a
common disease. CT and MRI are particularly useful for
pre-operative and follow-up examinations. Use of MRI
for diagnosis and follow-up examination is known to be
superior to CT3332],

There are no workups amongst the routine blood
workups that may be used specifically for CE. Hyper-
bilirubinemia and increased levels of alkaline phosphatase
and gamma glutamyl transferase may indicate opening
of the cyst into the biliary tract>****. Although EC is
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Figure 1 Daughter vesicules of Echinococcus granulosus.

a parasitic infection, eosinophilia may not be always
present. Serologic diagnostic methods are used to support
the radiological diagnosis and for follow-up assessment.
The immunological response to the disease tends to
vary from one individual to another. Rugged and intact
cysts tend to show minimal immune response, while
leaking or ruptured cysts tend to evoke a strong immune
response®**3,

The indirect hemagglutination (IHA) is usually non-
specific and is of value in tandem with other inves-
tigations such as enzyme-linked immunosorbent assay
(ELISA) and immunoblotting™®. Concomitant use of THA
and ELISA is associated with diagnostic sensitivity rates
up to 85%-96%""*"1, Immunoblotting is generally used
to confirm the diagnosis in cases where IHA and ELISA
findings are not definitivel®. E. granulosus antigen
B and antigen 5 (Ag5) are the most specific antigens
used for immunological diagnosis®®*>!. However, these
immunological methods often show cross reactivity with
other parasitic antigens or with non-parasitic diseases
such as malignancy or liver cirrhosis!>**, Sensitivity
of the serological tests tends to vary with the location,
stage, and size of the cyst™".

While seronegativity is observed in 20% of patients
with CE, those with multiple cysts are usually sero-
positive. Rate of seronegativity is relatively higher in
patients with CE1, CE4, and CE5 cyst types as compared
to those with CE2 and CE3 types. Moreover, seropositive
patients may continue to remain so for more than 10
years despite treatment!****®!, This may lead to unne-
cessary treatment and an increase in costs.

Percutaneous fine needle aspiration (FNA) biopsy
under ultrasound guidance is used in suspected cases
with equivocal radiological and serological test results.
Observing the protoscolexes and cyst membranes, or
Echinococcal antigen or DNA in aspirated fluid confirms the
diagnosis' ™. Percutaneous procedure requires meticulous
care due to the associated risk of anaphylaxis; informed
consent of the patient should be obtained prior to the
procedure™. Anaphylaxis risk of FNA is 2.5%"". In order
to prevent secondary CE, pretreatment with albendazole
for 4 d prior to the biopsy and continuation of treatment
for one month after the biopsy are recommended?®**?.
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Treatment and management of E. granulosus infection
The treatment options for CE included surgery, percu-
taneous treatment, medical pharmacotherapy, and
monitoring"?. In the literature, there is no randomized
clinical study that compares the treatment methods
with each other. Therefore, there is no standardized and
widely accepted treatment approach for CE either**.
The treatment planning is done according to the WHO
diagnostic classification. In case CE1 and CE3a cysts are
< 5 cm in diameter, albendazole alone may suffice, while
for cysts exceeding 5 cm in size, the puncture, aspiration,
injection of a scolecidal agent, and reaspiration (PAIR)
treatment in tandem with albendazole is preferred. Types
CE2 and CE3b cysts are treated by catheterization or
surgery. For types CE4 and CE5 inactive cysts, monitoring
is often sufficient"” (Figure 3).

Medical treatment: Exclusive medical pharmacotherapy
is used in special cases where surgical or percutaneous
treatment (such as elderly patients, cases with high
comorbidity, patients who opt out of surgical and percuta-
neous treatment, and inoperable cases) is not suitable,
or as an adjunct to surgical and percutaneous treatment.

Ever since benzimidazoles became available for use
in 1970s, therapeutic efficacy of albendazole and me-
bendazole for larval stage of E. granulosus has been
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proved™. At present, albendazole is the most commonly
used drug in the treatment of E. granulosus infection.
The dose of albendazole is 10-15 mg/kg per day and the
treatment usually lasts for 3-6 mo. Efficacy of meben-
dazole is comparable to that of albendazole, but requires
higher doses for a longer period of time, due to its poor
absorption™>**, The dose of mebendazole is 40-50 mg/kg
per day for the patients who can not use albendasole.

With benzimidazoles, the duration of treatment is 3-6
mo without interruption for CE1, CE3a cysts that are <
5 cm™**®!, Studies have demonstrated that 28.5%-58%
of patients who undergo medical treatment are cured,
and that cure rates do not increase with the increase in
the duration of treatment*>"4,

According to the recommendations of WHO, the
medical treatment should be initiated 4-30 d prior to
the surgical operation and continued for at least 1 mo
thereafter for albendazole, and at least 3 mo for meben-
dazole. Medical pharmacotherapy is also indicated in
patients with spontaneous or traumatic ruptured of cysts.
In these cases, too, albendazole should be used for at
least 1 mo or mebendazole for 3 mo™***,

In a large study (929 cysts) of the effectiveness of
medical therapy in late stages, albendazole therapy
was associated with a significantly higher incidence of
degenerative changes than that with mebendazole the-
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rapy (82.2% vs 56.1%; P < 0.001). However, the relapse
rates were comparable between the two groups™.

Headache, nausea, neutropenia, hair loss, and hepato-
toxicity are the most commonly reported side effects of
albendazole and mebendazole. Monthly monitoring of
leukocyte counts and liver function tests is recommended
in patients who experience significant side effects. Con-
traindications to medical treatment include liver failure,
pregnancy, and bone marrow suppression™®.

Praziquantel has protoscolicidal activity and can be
used for treatment of CE, either as a standalone therapy
or in combination with albendazole. A study suggested
higher efficacy of the combination of praziquantel plus
albendazole™®. More studies on the efficacy of prazi-
quantel are required.

Percutaneous treatment: The percutaneous treatment
methods defined in the 1980s for liver CE continue to be
popular today' ", These are classified under two main
categories. The first and more popular one is the PAIR
method”". This method is based on the destruction of
the germinal membrane by use of a scolicidal agent.
However, PAIR is not a suitable method for cysts that
contain daughter vesicles and for multi-vesicular cysts
that have a higher solid content!’%*7%,

Secondary percutaneous treatment modalities
include catheterization of the cyst with a broad tube
to remove the solid contents of the cyst as well as the
daughter vesicles. Several catheterization methods such
as percutaneous evacuation, a modified catheterization
technique, and dilatable multi-function trocar have been
described”> ). This treatment method can be used for
treatment of Types CE2 and CE3a cysts and for post-
PAIR relapsing cysts'®.,

A review of percutaneous CE treatment (n = 5.943)
revealed a 0.03% incidence of lethal anaphylaxis and
1.7% incidence of allergic reactions*”. Using alben-
dazole starting from 4 h prior to the percutaneous treat-
ment until 30 d after the percutaneous treatment is
convenient!'”,

The PAIR treatment is a less invasive method than
surgery. In selected patients (CE1 and CE3b) success
rates of up to 97% have been reported; the reported
mortality and morbidity rates have varied from 0%-1% to
8.5%-32%""", In a study of ethanol plus PAIR treatment
(n = 231), only one case of relapse was reported®.
Eleven percent to thirteen percent of patients undergoing
PAIR tend to develop fever and rash; however, the risk of
anaphylaxis is quite low"””*",

PAIR treatment is not recommended for the cysts
which are containing materials that can not be absorbed,
cysts which carry the risk of spread into the abdominal
cavity, cysts that have already opened into the peritoneal
cavity or biliary tract, and inactive and calcified cysts'”.

The relation of the cyst with the biliary tract should
be examined prior to administration of scolicidal agent.
Although no cases of scolicidal agent-related cholangitis
after PAIR procedure have been reported, several such
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cases have been reported after surgical procedure’®®*,
The commonly used scolicidal agents used during PAIR are
hypertonic saline and ethanol™. Successful intra-cystic
application of albendazole and mebendazole solutions
as scolicidal agents during PAIR has been reported in
sheep™!.

The reported success rate of percutaneous treatment
plus albendazole in non-complicated cysts is similar
to that of surgery but has the advantage of a shorter
duration of hospital stay'™. In a retrospective comparison
of conservative surgery and PAIR, the incidence of biliary
fistula and residual cavity relapse was considerably lower
with the latter®®”,

Surgical treatment: While surgical treatment was
once the most commonly used treatment modality, it
is currently, to a large extent, reserved for complicated
cysts (such as cysts that develop biliary fistula or per-
forated cysts) or is applied to the cysts that contain
doughter cysts (CE2, CE3b). In addition, it is a suitable
treatment option for superficial cysts that are smaller
than 10 cm or are at high risk of rupture and for cases
not suitable for percutaneous treatment!'***®®, The
surgical treatment options include open surgery and
laparoscopic surgery®***®!, Open surgical options include
radical and conservative surgery. Radical surgery refers
to the removal of the cyst along with the pericystic
membrane (Figure 4) and may also include liver resection
if indicated. Conservative surgery includes removal of
the cyst contents only, while the pericystic membrane is
retained (Figure 5). Omentoplasty, external drainage, or
obliteration of the residual cavity by imbricating sutures
from within (capitonnage) is used for drainage from the
residual cavity. The complication rates of the surgical
treatment options vary between 3%-25%, while the
recurrence rates vary between 2% and 40%®%°**%, The
complication and recurrence rates tend to differ based
on the location and size of the cyst, as well as the ex-
perience of the surgeon and the selected treatment
method.

It is not clear which one of the given treatment
options is the safest and the most effective. However,
recurrence and complication rates tend to be higher with
conservative surgery as compared to those with radical
surgery®. Many retrospective studies have revealed
similar results®***,

The recurrences usually occur due to failure of
complete removal of the endocysts and/or their disse-
mination during the surgery. For this reason, special
attention should be paid to prevent spread during the
operation®®”), Of note, spread during the surgery may
also lead to other complications such as anaphylaxis.

The most common complication of liver EC is the infec-
tion and the contact with the biliary tract. The contact of
the cyst with the biliary tracts is encountered in 3%-7%
of all cases™. A relationship between cyst size and its
contact with the biliary tract has been reported. In cases
where the radius of the cyst is > 7.5 cm, the sensitivity
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Figure 4 An example of pericyctectomy material.

of the contact of the cyst with the biliary tract is reported
to be 73% while its specificity is indicated to be 79%".
Prior to intraoperative administration of drugs in the cyst,
the relation of the cyst with the biliary tract should be
ascertained as protoscolicidal agents are known to induce
sclerosis, cholangitis, and pancreatitis.

In case of preoperative evidence of opening of the
cyst into the biliary tract, sphincterotomy by endoscopic
retrograde cholangiopancreatography (ERCP) prior to
surgery decreases the risk of postoperative external
fistula from 11.1% to 7.6%™*”. When the relation of the
cyst with the biliary tract is noticed during the surgery,
presence of a cystic component within the biliary branches
or within the common biliary duct should be checked.
For this, intraoperative cholangiography is often required.
In addition, the width of the biliary tract would be in
normal range if there is no cystic component within the
biliary branches or within the common biliary duct. The
biliary tracts, which can be clearly seen through the cyst,
should be sutured. In case there is a cystic component
inside the biliary tract, the biliary tract would be widened.
In such cases, removal of the cystic components within
the biliary branches and applying T-tube or choledo-
choduodenostomy is recommended!*®*'®?, In addition,
postoperative bilioma or high flow biliary fistula requires
ERCP and sphincterotomy along with nasobiliary drainage
or biliary stenting™®>***,

The most commonly used protoscolicidal agent
during the surgery is 20% hypertonic saline. The hyper-
tonic saline should be in contact with the germinal
membrane for at least 15 min. Albendazole, ivermectin,
and praziquantel can also be used as protoscolicidal
agents' ', In a recently conducted ex vivo research,
use of selenium nano-particles (250-500 pg/mL) as
a protoscolicidal agent for 10-20 min showed good
results™”,

Intraoperative dissemination of the mass in the
peritoneum should be rinsed with hypertonic saline.
Postoperative albendazole for 3-6 mo plus praziquantel
for 7 d is recommended!*®®

In a retrospective review of conservative surgery
methods (n = 304), use of external drainage was asso-
ciated with a statistically significant increase in com-
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Figure 5 An example of concervative surgery.

plication rates as compared to patients who received
omentoplasty or capitonnage!™®. In another randomized
clinical trial and one retrospective study, patients who
received omentoplasty in addition to the conservative
surgery showed fewer complications as compared to
patients with external drainage™*'”

The first laparoscopic surgery for CE was reported
in 199211, While the laparoscopic surgery offers some
advantages such as shorter duration of hospital stay,
lesser postoperative pain, and lower infection rates, it is
applicable only to selected cases. Further laparoscopic
procedures are associated with an increased risk of
intraoperative dissemination of the cyst contents due to
the increased pressure inside the mass™®%, No studies
comparing open surgery with laparoscopic surgery
were retrieved on the literature search. Appropriate
patient selection is critical to the success of laparoscopic
surgery. Deep-seated cysts in the hepatic parenchyma,
posterior cysts close to the vena cava, multiple cysts
(> 3), and cysts with calcified walls are unsuitable for
laparoscopic surgery®*> 141,

Monitoring: Some studies suggest that inactive cysts,
such as CE4 and CE5, require no treatment’**”®!, How-
ever, more studies in this regard are required.

E. MULTILOCULARIS INFECTION

Life cycle

E. multilocularis is a small cestode. The definitive hosts of
the sylvatic cycle are feral carnivores, and the definitive
hosts of the synanthrophic cycle are domestic cats and
dogs. The fully grown parasites within the small intestine
of the definitive host excrete their eggs with the feces
of the definitive host. Upon ingestion of the eggs by
intermediate hosts such as small rodents, echinococcal
metacestodes form alveolar structures with multiple
vesicles of different sizes within the liver. Humans get
infected after oral ingestion of eggs™'”\. Each vesicle
has a structure, similar to the cysts of E. granulosus'*.
Potential complications include the formation of pseu-
docysts due to fluid accumulation or central necrosis.
Small cysts usually do not contain liquid within them and
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are semisolid in structure!® (Figure 6).

Clinical symptoms of E. multilocularis infections

The latent period for infection in which the patients are
asymptomatic lasts around 5-15 years and is rather
longer compared to the CE. In general, the AE is set
into the right lobe of the liver and its size may vary from
a few millimeters to 20 cm!****!, The AE may spread
locally or metastasize to the brain, bones, and lungs
via blood™!, Extrahepatic manifestations are rare in
primary disease'™". The typical presenting symptoms
include fatigue, weight loss, abdominal pain, and signs
of hepatitis or hepatomegaly. Up to one-third of patients
suffer from hepatitis and abdominal pain™*>**"1, The
prognosis for untreated cases or cases with incomplete
treatment is grim; liver failure, splenomegaly, portal
hypertension, and acidity may occur in advanced stages.
The life expectancy may extend up to 20 years with
treatment™'®,

Diagnosis of E. multilocularis infection

The radiological imaging methods are the main methods
of diagnosis of AE and the serologic examinations are
used to support the diagnosis'*******!, Ultrasonography
is the diagnostic method of choice. On ultrasonography,
a pseudotumoral mass with hypo and hyperechoic areas
together that contain irregular, limited, and dispersed
calcifications is diagnostict*****"', Doppler ultrasonography
may be useful for imaging of biliary tracts and vascular
infiltrations. Although CT renders the anatomical details
in a better manner, MRI is considered the best method
to determine invasion of the contiguous structures™*2°#,
Percutaneous cholangiography is an important method
for diagnosis in order to view the relation between the
alveolar lesions and the biliary tracts. In addition cranial
and thoracic imaging should be required to rule out
extra-hepatic involvement in AE patients!*®’. Despite
the fact that the fluorodeoxyglucose positron emission
tomography can be used for diagnosis, negative results
do not necessarily mean that the parasite is active!*”.
The WHO classification developed for Echinococcus
is based on the imaging methods and aims to esta-
blish standardization in the diagnosis and treatment
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of the disease™'*"**, WHO-IWGE PNM classification
system resembles the TNM classification used for the
tumors®'?*, P indicates the size and location of the
parasite within the liver, N indicates the adjunct organ
involvement while M indicates distant metastasis (Table 3).

The immunological diagnostic methods are helpful for
diagnosis as well as for monitoring the effectiveness of
the treatment*'?), The serological investigations for AE
(ELISA or IHA test) are more specific than the ones used
for the diagnosis of CE (antigens Em2 and Em II/3-10 are
highly specific to AE)"**"), However, EM2-ELISA may remain
positive for many years even in the treated cases as
the EM2 antigen is present in inactive lesions. The most
active component of AE is the protoscolex that has EM16
and EM18 antigens. The activity of the lesion can be
obtained by using those antigens in immunoblot tests™*,
In addition, EM18 is helpful for distinction between AE
and CE®. In some studies, AE patients had high levels
of IgG1 and IgG4 antibodies and their IgG4 antibody
levels decreased after treatment. Therefore, an increase
in IgG4 levels may be a surrogate marker of reactivation
of the parasite™***?), Demonstration of alveolar vesicles
in the samples extracted by percutaneous needle biopsy
in suspected cases helps confirm the diagnosis. Although
PCR imaging of the E. multilocularis DNA in the liver
biopsy samples has high positive predictive value, negative
results do not necessarily rule out the presence of an
active parasite’”. There are several studies evaluating the

serologic agents best suited for post-treatment follow-
up“33'13‘”.

Treatment and management of E. multilocularis infection
AE is comparatively difficult to treat than CE. The main
treatment modalities are medical pharmacotherapy and
surgery (Figure 7).

Surgical treatment is the primary method for AE;
radical resection is often required for hepatic lesions.
Conservative and palliative surgery is not recommended
since they offer no advantage over medical pharma-
cotherapy™®***. Treatment is based on pre-operative
assessment and the disease stage as per the WHO-
IWGE PNM dlassification!***. Liver transplantation is an
option for patients with advanced stage liver failure,
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Table 3 PNM dlassification of Echinococcus multilocularis™**'

P Hepatic localization of the metacestode
Px  Primary lesion unable to be assessed
PO  No detectable hepatic lesion
P1  Peripheral lesion without biliary or proximal vascular
involvement
P2 Central lesions with biliary or proximal vascular involvement of
one lobe
P3  Central lesions with biliary or proximal vascular involvement of
both lobes or two hepatic veins or both
P4 Any lesion with extension along the portal vein, inferior vena
cava or hepatic arteries
N  Extra-hepatic involvement of neighbouring organs
Nx  Not evaluable
NO  No regional involvement
N1 Involvement of neighboring organs or tissues
M  Absence or presence of distant metastasis
Mx  Not completely assessed
MO  No metastasis on chest radiograph and computer tomography
brain scan
M1 Metastasis present

patients that have recurrent cholangitis, and patients
unsuitable for radical surgery. Extrahepatic spread of AE
during surgery is particularly hazardous in liver transplant
recipients, due to drug-induced immunosuppressiont®.
These patients are at risk of relapse!**”.,

Although there is no information regarding the effec-
tiveness of pre-operative pharmacotherapy, it is generally
used for liver transplant recipients. Postoperative alben-
dazole is recommended in all patients for at least 2
years®**¥], Although there are alternative drugs such as
mebendazole, praziquantel, and amphotericin, none is as
effective as albendazole!**"*, In a recently conducted
study, it was revealed that nitazoxanide has no effect on
the treatment of AE™,

Optimal duration of albendazole treatment in patients
not treated by surgery is not clear. However, cases have
been documented where albendazole was continuously
used for up to 20 years without any complications!®.
The use of albendazole in patients who do not undergo
surgical treatment increases the 15-year survival from 0%
to 53%-80%"*"'*], Interventions such as endoscopic
sclerosis of the varicose veins of the esophagus and stent
implantation may be required during treatment™*.

CONCLUSION

E. granulosus and E. multilocularis infections are the most
common parasitic diseases that involve the liver. Due to
the typical slow growth, these often present in adulthood.
Their symptoms include right upper quadrant abdominal
pain, chlorosis, cholangitis, and anaphylaxis due to cyst
rupture. AE is one of the most fatal helminthic infections.
Ultrasonography plays a special role in diagnosis. WHO
classification is used for staging and treatment selection.
Immunological diagnostic methods are used to support
the diagnosis. Cysts smaller than 5 cn (WHO stages CE1
and CE3a) are treated with albendazole only, while PAIR
plus albendazole therapy is recommended for cysts > 5 cm.
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Figure 7 Treatment algoritm for Echinococcus multilocularis infection.

PAIR treatment for patients with CE2 and CE3b cysts
is associated with frequent relapses. Therefore, broad
tube percutaneous treatment should be considered in
these cases. During open surgery and percutaneous
treatment, all necessary efforts should be made to
prevent dissemination of cyst contents; albendazole
should be used at least for 4 d prior to such procedures
and for 1 mo after the procedures. For AE, despite
the fact that albendazole is not used preoperatively,
postoperative treatment for 2 years is recommended.
For CE, radical surgery is reported to be more effective
than conservative surgery. For AE, the radical treatment
option is also recommended as palliative surgery offers
no advantages over medical treatment. Despite the fact
that the general templates regarding the treatment seem
clear, the lack of randomized clinical studies that compare
the treatment options leads to failure in the selection of
treatment.
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Abstract
Cirrhosis is a major cause of morbidity and mortality
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worldwide with liver transplantations as it only possible
cure. In the face of a significant organ shortage many
patients die waiting. A major complication of cirrhosis
is the development of portal hypertension and ascites.
The management of ascites has barely evolved over the
last hundred years and includes only a few milestones
in our treatment approach, but has overall significantly
improved patient morbidity and survival. Our mainstay to
ascites management includes changes in diet, diuretics,
shunt procedures, and large volume paracentesis.
The understanding of the pathophysiology of cirrhosis
and portal hypertension has significantly improved in
the last couple of decades but the changes in ascites
management have not seemed to mirror this newer
knowledge. We herein review the history of ascites mana-
gement and discuss some its current limitations.

Key words: Portal hypertension; Cirrhosis; Ascites;
Transhepatic portosystemic shunts; Paracentesis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Few randomized control studies have been
performed in the management of refractory ascites, of
which all were performed either in the pre-model for
end-stage liver disease (MELD) era or done in patients
with low MELD scores. As such, most of the manage-
ment guidelines have significant limitations in its utility
for patients admitted to the hospital with significant
hemodynamic dysfunction and other complications of
cirrhosis. Our objective is to review the origins of our
current management of refractory ascites and its limi-
tations.

Annamalai A, Wisdom L, Herada M, Noureddin M, Ayoub W,
Sundaram V, Klein A, Nissen N. Management of refractory
ascites in cirrhosis: Are we out of date? World J Hepatol 2016;
8(28): 1182-1193 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Ascites is the most common complication of liver cirr-
hosis, affecting over half of all cirrhotic patients within
ten years of their cirrhosis diagnosis. The onset of ascites
marks a critical point in the progression of liver disease,
indicating a 50% mortality rate within 2-5 yearst.
Ascites is typically well managed with strict adherence
to a low sodium diet and diuretic therapy™. However, in
10% of cirrhotic patients with ascites, maximal diuretic
therapy is not effective”™. In these patients with refractory
tense ascites, repeated large-volume paracentesis (LVP)
becomes the mainstay of chronic management.

LVP for treatment of refractory ascites is fast and
effective. However, the removal of large fluid volumes
may result in impaired circulatory function up to 6 d after
paracentesis'®. This complication, termed paracentesis
induced circulatory dysfunction (PICD), is associated with
a disruption in the renin-angiotensin axis and results
in a hyperdynamic state'. Defined as an increase in
the plasma renin activity by more than 50% of the pre-
treatment value to a level of > 4 ng/mL per hour on the
6" day after paracentesis, PICD is clinically silent and
not spontaneously reversible™, The occurrence of PICD
is associated with a rapid recurrence of ascites, renal
failure, and a significant decrease in the probability of
survival.

Over the last three decades, only a few prospective
studies with limited sample sizes and several large
retrospective studies have examined PICD. Therefore,
there continues to be a lack of understanding of PICD
pathophysiology and management. The purpose of this
review is to highlight the evidence supporting current
guidelines for the management of patients with refractory
tense ascites requiring repeated paracentesis.

HISTORY OF MANAGEMENT OF TENSE
REFRACTORY ASCITES IN CIRRHOTIC
PATIENTS

The role of paracentesis in the management of ascites

Paracentesis was first described for the management of
tense ascites in the first half of the twentieth century. In
the 1950's, however, paracentesis lost favor due to data
associating ascitic fluid removal with complications such
as hypotension, hyponatremia, acute kidney injury, and
hepatic encephalopathy (HE)™®. Two studies, one in 1967,
by Knauer et al”’ and one by Guazzi et a® in 1975,
reexamined the value of paracentesis, showing that
removing between 1 and 5 L of fluid improved cardiac
output (CO). They theorized that small volume removal
improved CO by decreasing intra abdominal pressure,
increasing venous drainage of the lower extremities, and
increasing negative thoracic pressure. Several studies
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have since been performed in order to understand the
pathophysiology and management of refractory ascites
(Table 1).

In 1985, Quintero et al” found that paracentesis with
albumin replacement adversely affected hemodynamics,
renal function, hospital readmission, and mortality when
compared with diuretic therapy in patients treated for
tense ascites. Later that same year, Kao et af'” studied
the effects of paracentesis on circulating blood volume
and suggested that paracentesis was a safe therapy in
the management of tense ascites secondary to chronic
liver disease. This study provided a foundation for current
paracentesis guidelines in the setting of cirrhosis in which
the authors “arbitrarily selected a volume of 5 L,” claiming
5 L of fluid removal to be “large enough to adequately
decompress the distended abdomen while affording the
patient a reasonable length of time before re-accumulation
of ascites becomes a serious problem again”. The 18
patient study with strict inclusion/exclusion criteria con-
cluded that no untoward symptoms or findings were
caused by 5 L paracentesis, specifically stating that no
patients were found to have symptomatic orthostatic
hypotension, hyponatremia, worsening renal function,
acute renal failure, or HE relatable to paracentesis. The
authors did note that all patients had pitting edema,
which partially improved soon after paracentesis. They
concluded that the absence of clinically significant
effects from LVP in their patient cohort could partially
be explained by the mobilization of peripheral edema
replenishing the plasma volume as it rapidly equilibrated
to the loss of ascetic fluid. Thus, the authors did not
recommend that their findings be applied to patients
without peripheral edema.

In 1987, Salemo et af'"! investigated the role of para-
centesis as a therapy for ascites when compared with
traditional diuretic therapy. The study included 41 patients
randomized into 2 groups who either received LVP and
intravenous (IV) albumin infusions of 20-60 g after each
paracentesis or were treated with diuretics and did not
receive paracentesis. Salerno concluded that LVP can
be performed safely and successfully with equivalent
outcomes to diuretics alone. Additionally, Salemo et af*!!
included patients without pitting edema in their study,
administering albumin to replace 60%-80% of the pro-
tein lost in paracentesis. The authors also found that LVP
decreased hospital length of stay without additional risk.

In 1988, Ginés et all** demonstrated that para-
centesis followed by IV administration of albumin
decreased the risks of renal impairment, hyponatremia,
and mortality by preventing systemic hemodynamic
alterations. Their study included 105 patients randomized
into 2 groups; Group A (n = 52) underwent LVP followed
by IV albumin infusion of 40 g and Group B (n = 53)
underwent LVP (4-6 L/d) only. Serious complications
were observed in 9 (17%) patients in Group A and 16
(30%) patients in Group B. Hyponatremia and renal
impairment were significantly more frequent in Group B,
affecting 11 (21%) patients in Group B compared with 1
(2%) patient in Group A. These findings indicated that,
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Table 1 Studies evaluating large-volume paracentesis with albumin infusion and diuretic therapy in hospitalized patients with

cirrhosis and refractory ascites

Ref. Study design Results Conclusions/comments
Quintero et al”, Total n: 72 LVP with albumin had worse outcomes that Diuretic therapy is better that LVP
1985 Group 1: LVP and albumin - 1 of 38 diuretic therapy with adverse effects on
Group 2: Diuretic therapy - n of 34 hemodynamics, renal function, readmission,
mortality
Kao et al"”, 1985 Total n: 18 underwent LVP of exactly 5 L No untoward effects LVP of 5 L LVP is safe in patients with peripheral

Exclusion criteria: Cardiac disease
chronic renal disease active intestinal
bleed encephalopathy

500 mg/d Na and 1 L/d fluid restriction

Diuretic discontinued 3 d prior
Salerno et al™, 1987  Total n: 41 patients randomized into 2
groups
Group A: Paracentesis + IV albumin: 20
patients
Group B: Paracentesis + diuretics: 21
patients
Exclusion criteria: Urinary sodium

No symptomatic hypotension or hyponatremia  edema due to mobilization of fluid to

No worsening or acute renal failure intravascular space
No encephalopathy

Improved pitting edema

Deaths:
Group A:2/20
Group B: 3/21
Complications (encephalopathy, renal failure,

LVP is faster and equally effective
alternative to diuretic therapy and
suggested that LVP might be used to
decrease hospital length of stay without
and gastrointestinal bleeding): additional risk
Group A: 3/20 patients
Group B: 4/21 patients

excretion rate > 20 mEq/d on a sodium- Group A: Satisfactory mobilization for ascites for

restricted diet and without diuretics
Presence of cancer, encephalopathy,
active gastrointestinal bleeding, renal
failure, diabetes, infection, or primary
cardiac disorders
Hemoglobin <9 g/dL
Total bilirubin > 6 mg/dL
Aminotransferases > 200 U/L
Serum urea > 60 mg/dL
Serum creatinine > 1.5 mg/dL

Gines et al’”, 1988 105 patients randomized into 2 groups
Group A: Paracentesis + IV albumin: 52
patients
Group B: paracentesis without fluid
replacement: 53 patients
Exclusion criteria: Similar to study by

Salerno™
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19/20 patients
4/20 patients did not reaccumulate ascites while
15/20 patients did reaccumulate ascites
Group B: Resolution of ascites in 19/21 patients
Diuretic treatment was unsuccessful for 2/21
Group B patients who were receiving the highest
doses of diuretic therapy
Group A: Mean body weight significantly
reduced at all times after paracentesis, slight
decrease in heart rate and urine osmolality (day
10). Increase noted in PAC (days 5 and 10) and
urine flow rates (days 5, 10, and 15). Increased
urine flow rates in 14 patients who also had
significantly lower baseline urine excretions than
the other 5 responsive Group A patients
In the 19/21 responsive Group B patients,
significant body weight reductions observed on
days 10 and 15. Mean blood pressure and heart
rate did not change. Significant increases noted in
urine flow rate, sodium and potassium excretion,
plasma albumin and potassium concentrations.
Significant decrease in urine osmolality
Died in hospital:
Group A:2/52
Group B: 2/53
Deaths at 1 yr:
Group A: 20/52
Group B: 16/53

These findings indicated that, aside
from systemic hemodynamics, there
are likely multiple factors, such as renal
production of vasodilators or ADH
antagonists, which contribute to the
development of renal failure

Complications of hyponatremia, renal
impairment, encephalopathy, gastrointestinal
hemorrhage, and severe infection:
Group A 9/52
Group B 16/53
Group A: Significant increase in serum albumin,
GFR, free water clearance
Group B: No change in serum albumin,
significant increase in BUN, PRA, PAC,
significant decrease in serum sodium
PRA significant increase at 48 h and 5 d post LVP
Group B 23/24 and 9/24 respectively
Group A had none
Readmission:

Group A 29/52
Group B 36/53
Renal impairment:

Group A: None
Group B: 11/53
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Gines et al®™, 1996 289 patients randomized into 3 groups
Group A: Paracentesis + IV albumin: 97
patients
Group B: Paracentesis + Dextran 70: 93
patients
Group C: Paracentesis + Polygeline: 99
patients
Exclusion criteria: Similar to study by

Salerno™

PRA > 50% increase (at 2 d after LVP) if PICD

PICD associated with shorter survival
Complications of hyponatremia, renal
impairment, hepatic encephalopathy,
gastrointestinal bleeding, bacterial infection
Group A: 28/97 patients, 30 complications
Group B: 28/93 patients, 43 complications
Group C: 30/99 patients, 39 complications
Incidence of death with PICD: 5/85
Incidence of death without PICD: 6/195

PICD (based on 280 patients who developed
dysfunction and had PRA measured at baseline
and 6 d after the procedure):

Annamalai A et a/. Management of refractory ascites

Deaths: PICD found to not be spontaneously
Group A 2/97 reversible and persists during follow-up
Group B 4/93 PICD associated with faster
Group C6/99 reaccumulation of ascites and impaired

prognosis
The authors suggest that albumin
is more effective than dextran

Total 85/289 70 or polygeline at preventing
Group A 17/892 postparacentesis circulatory dysfunction
Group B 31/90 and is the volume expander of choice
Group C37/98 for cirrhotics who undergo paracentesis

with > 5 L of ascites removed
The authors discussed the
pathophysiology of PICD, theorizing

occurred: 47/85

that PICD was most likely secondary
to variable changes in neurohormonal
responses, which accelerate the
disease and lead to decreased long-
term survival. They felt that PICD was
unlikely due to a more advanced disease
state, as patients with and without PICD
did not differ in their degree of liver,
renal, or hemodynamic function after
paracentesis

LVP: Large-volume paracentesis; IV: Intravenous; PICD: Paracentesis induced circulatory dysfunction; ADH: Antidiuretic hormone.

aside from systemic hemodynamics, there are likely
multiple factors, such as renal production of vasodilators
or antidiuretic hormone (ADH) antagonists, which con-
tribute to the development of renal failure.

In 1988, Pinto et al** and Gentile et a™* both
independently studied the hemodynamic and hormonal
impacts of LVP of exactly 5 L in 12 non-edematous
cirrhotic patients. Both studies concluded that LVP of 5 L
could be safely performed without significant changes in
plasma volumes, PRA, or vasopressin. They did, however,
note a significant decrease in diastolic pressure and a
significant increase in aldosterone, which corresponded
with reduced urinary sodium excretion.

In 1990, Panos et ai™ confirmed an earlier finding
of Simon et ai*® in 1987 that, up to 3 h after LVP, CO in-
creased, right atrial pressure decreased, and pulmonary
capillary wedge pressure (PCWP) remained the same.
After 3 h post-LVP, right atrial pressure, PCWP, and CO
all decreased significantly. These findings indicated that,
although paracentesis initially results in hemodynamic
improvement, a relative hypovolemia occurs hours after
paracentesis.

Two studies in 1990 and two in 1991 evaluated the
effect of various IV infusions to prevent hypovolemia
after LVP"”). The studies included comparisons between
albumin, dextran-70, dextran-40, hemaccel, and
saline™®. They concluded that dextran-70, albumin, and
hemaccel were all equally effective in preventing renal
and electrolyte complications, while dextran-40 was in-
effective. A third study by Cabrera et af*®! in 1990 found
that IV saline prevented hypovolemia with no changes in
PRA or aldosterone.

Albumin was effective in preventing hypovolemic
complications, however, it was a costly product. To inves-
tigate possible alternatives, Planas et ai™® conducted a
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randomized trial comparing the efficacy of three different
plasma expanders for preventing, PICD. PICD was
defined as an increase in PRA of more than 50% of the
pretreatment value to a level of > 4 ng/mL per hour on
the 6™ day after paracentesis. This pretreatment value
was determined by the upper value of PRA found in 36
healthy subjects studied on a 50-mmol/d sodium diet
and was arbitrarily chosen to represent physiologically
relevant activation of the renin-angiotensin system. In
the study of Planas et al®, patients were randomized
to receive one of the three infusion types: Albumin,
dextran-70, or polygeline. Eighty-five patients developed
PICD, with a significantly greater frequency when treated
with dextran-70 (34.4%) and polygeline (37.8%)
than when treated with albumin (18.5%). Additionally,
they found a significantly higher 6-mo mortality rate
in patients who develop PICD. They further concluded
that PICD was predictive in fluid removal > 5 L with
the use of dextran-70 or polygeline. This trend did
not appear in patients receiving > 5 L of fluid removal
followed by albumin infusion. The authors discussed the
pathophysiology of PICD, theorizing that PICD was most
likely secondary to variable changes in neurohormonal
responses, which accelerate the disease and lead to
decreased long-term survival. They felt that PICD was
unlikely due to a more advanced disease state, as patients
with and without PICD did not differ in their degree of
liver, renal, or hemodynamic function after paracentesis.
The following year, in 1997, Ruiz-del-Arbol et a/*
demonstrated an inverse correlation between PRA and
systemic vascular resistance (SVR) associated with PICD.
Out of the 37 patients who underwent LVP (mean > 7 L)
followed by a dextran-70 infusion, 10 (27%) developed
PICD. More specifically, they found that despite the
normalization of PRA, aldosterone, and norepinephrine
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by the 6™ day after paracentesis, cardiopulmonary pre-
ssures and SVR remained lower than baseline. The authors
believed that LVP is an inciting event that leads to an
accentuation of the vasodilatory response already present
in cirrhotic patients. This exaggerated vasodilatory re-
sponse then causes an increase in PRA to compensate
for increases in SVR. In addition, utilizing a transjugular
intrahepatic venous catheter they found that the hepatic
venous pressure gradient did not change in patients
without PICD but increased significantly, secondary to
PRA, if PICD occurred. They theorized that this was also
likely due to endogenous vasoactivation.

In 1998, Vila et ai® confirmed these conclusions
and also found that if effective hypovolemia did not
develop, there were no significant changes in CO, CVP,
or SVR and there was a significant reduction in PRA at
the 1 and 3 h period after paracentesis. In contrast, if
effective hypovolemia did develop, there were signifi-
cant reductions in CO, CVP and SVR, no change in PRA or
aldosterone level, and an increase in CO. This paradoxical
finding was believed to be due to physiological responses
secondary to abrupt falls in intraabdominal pressure after
paracentesis procedures.

In a pilot study in 2002, Moreau et af*? compared the
effect of terlipressin and albumin on arterial blood volume
in 20 cirrhotic patients who underwent paracentesis.
Assuming that PICD is predominantly caused by exacer-
bation of an already dilated arterial system, the authors
theorized that terlipressin, a vasoconstrictor, may prevent
PICD more effectively than albumin. After paracentesis,
10 patients received albumin and the other 10 received
terlipressin. They found that both treatments had the
same beneficial effect of preventing arterial vasodilation.
The authors favored the use of terlipressin, arguing for
cheaper cost.

In 2003, Sola-Vera et al*® compared PICD in 37
patients receiving albumin and 35 patients receiving
saline infusion after LVP. They found that patients who
received saline had a significant increase in PRA and PAC
on the 6™ day after paracentesis, which contradicted
data published by Cabrera et at*! in 1990. Only 11%
of patients developed PICD after albumin infusion
compared to 33% after saline infusion. If < 6 L was
removed, the PICD was similarly low in both groups (6.7%
in albumin group vs 5.6% in saline group). Additionally,
they found that nitric oxide (NO) was elevated in the
saline group and likely contributed to the pathogenesis
of PICD.

The prevention of PICD using albumin infusion was
compared to the use of midodrine post-paracentesis in
a study by Appenrodt et af** in 2008. They performed
a blinded study in 24 patients with tense ascites and
included patients with similar comorbidities as prior
studies. Additionally, since this study was conducted
after the inception of MELD scoring in 2002, they
reported a mean MELD of 11 in both the midodrine and
albumin groups. Midodrine was given immediately after
paracentesis at a dose of 12.5 mg orally every 8 h for
2 d. In the midodrine group, they found a large, but
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insignificant, increase in the PRA level on day 6 after
paracentesis. They concluded that the used of midodrine
was less effective than albumin in preventing PICD.

In 2010, Nasr et al* evaluated the risk factors for
PICD. The study included 45 patients with cirrhosis and
used similar inclusion criteria as the prior studies men-
tioned. The patients received either albumin or dextran-70
post-paracentesis and the volume removed ranged from
8 to 18 L. They evaluated several demographic, clinical
and laboratory factors, and found, based upon logistic
regression analysis, that only the use of dextran-70 and
younger age were independent predictors of PICD.

A multicenter trial including 26 patients was published
in 2011 by Fimiani et af*®!, This trial evaluated the impact
of a combination of diuretics, albumin, and terlipressin
in treating tense ascites. The study examined several
clinical factors after paracentesis, including ascites recur-
rence, body weight, abdominal circumference, and
urinary sodium excretion. The combination of changes
in these factors was given a grade of severity and a
degree of response. Based upon these definitions, they
concluded that combination treatment decreased the
need for repeated LVP, improved urinary sodium, reduced
abdominal circumference, and decreased the severity of
ascites.

In the same year, Alessandria et al*”! compared
the efficacy of different volumes of post-paracentesis
albumin infusion, comparing the incidence of PICD be-
tween patients who received 4 g of albumin per liter of
fluid removed and patients who received 8 g of albumin
per liter of fluid removed. They found the same incidence
of PICD, hyponatermia, and renal failure in both groups
and concluded that half the standard dose of albumin is
as effective and safe as the full standard dose in patients
undergoing paracentesis.

In 2013, Carl et a*® performed a small trial including
10 patients with the purpose of studying the relationship
between inflammation and PICD after LVP. They looked
at several factors over a 24-h period, including blood
pressure, BUN, creatinine (Cr), PRA, aldosterone, an-
giotensin II, asymmetrical dimehtylarginine (ADMA),
norepinephrine, CD14, interleukin-6, tumor necrosis factor-
alpha, and monocyte chemotactic protein-1 (MCP-1).
Both MCP-1 and CD14 increased concurrently while blood
pressure decreased in the 24 h after LVP. These results
suggested that the inflammatory cascade may be in-
volved in the genesis and severity of PICD.

The role of transhepatic portosystemic shunts in the
management of ascites

Until 1996, large volume paracentesis was the standard
therapy for refractory tense ascites. Although this was
proven to be an effective treatment approach, it did not
address the underlying issue of portal hypertension.
After LVP, ascites would quickly re-accumulate and
require repeated paracentesis. On the other hand,
a transhepatic portosystemic shunts (TIPS) has the
potential to mitigate portal hypertension by diverting
portal blood flow from the liver directly into the systemic
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venous circulation via an intrahepatic shunt. Several
studies have been conducted comparing TIPS to LVP®"
(Table 2).

In 1996, Lebrec et al*® compared the effect of
TIPS and LVP in 25 cirrhotic patients with refractory
ascites who were randomized to TIPS or repeat LVP.
The authors concluded that intrahepatic shunts were
selectively effective in patients with Childs-Pugh class
B, although they did not improve survival, and actually
decreased survival in class C patients compared to
LVP. They believed that the prominent factor is ascites
management were dependent on both neurohormonal
factors which control natriuresis and the hepatic sinu-
soidal pressures.

In 2000, Rossle et al®! conducted a similar ran-
domized study in 60 patients comparing TIPS to LVP.
Fifteen of the 29 TIPS patients died while 23 of the
31 LVP patients died at 1 year. Although 10 patients
required rescue shunt treatment, no deaths or long-term
illnesses occurred secondary to the shunting procedure.
In comparison with LVP, the creation of a transjugular
intrahepatic portosystemic shunt can improve the chance
of survival without liver transplantation in patients with
refractory or recurrent ascites.

In 2002, Ginés et al*® published a study comparing
survival rates and associated healthcare costs between
patients receiving TIPS and patients receiving para-
centesis with albumin replacement. Seventy cirrhotic
patients with refractory ascites were selected for the
study and randomly assigned to either undergo TIPS (n
= 35) or repeat LVP (n = 35) with albumin infusions.
MELD scores were not used, as this study was conducted
prior to the start of MELD scoring. They concluded that
TIPS lowers the rate of ascites recurrence and the risk of
developing hepatorenal syndrome, but does not improve
survival and has increased occurrence of encephalopathy
and higher cost that LVP.

In 2003, Sanyal et al®** also compared TIPS to LVP
in 109 patients with refractory ascites. The LVP group
consisted of 57 patients who received low sodium diets,
diuretics, and LVP. The TIPS group consisted of 52
patients who received TIPS in addition to the same low
sodium diets and diuretics as the LVP group. In the first
year following randomization, they found that 22 (42%)
TIPS patients and 48 (84%) LVP patients required
repeat LVP’s for recurrent tense ascites. The average
rate of paracentesis per patient in the first year was 1.69
for TIPS patients and 6.11 per year for LVP patients.
Mortality was 21 (40%) in the TIPS group and 21 (37%)
in the LVP group. Sixteen (31%) TIPS patients and 17
(30%) LVP patients received liver transplants.

In 2004, Salerno et a/* randomized 65 cirrhotic
patients with refractory ascites into 2 groups. Thirty-
two patients received TIPS and 33 patients received LVP.
Mean baseline MELD was 11.1 £ 0.8 in the TIPS group
and 11.1 + 0.9 in the LVP group. The Cox proportional
hazard model indicated that the treatment assigned and
MELD scores were independent predictors of mortality. In
2007, Salerno et al® published a meta-analysis based
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upon individual patient data on outcomes of TIPS for
refractory ascites. The study included all published data
from randomized control trials with available patient
data. This excluded the study by Lebrec et a*”, which
was the only study to show a negative effect of TIPS on
survival. Salerno et al® concluded: (1) TIPS improves
transplant-free survival compared to LVP; (2) patient
survival is independently associated with age, bilirubin
levels, and serum sodium concentrations; (3) the risk
of ascites recurrence is decreased with TIPS; (4) the
probability of HE after TIPS is increased; and (5) patients
with low arterial pressure, high MELD score, and low
portosystemic pressure gradient after TIPS have the
greatest probability of experiencing post-TIPS HE.

PATHOPHYSIOLOGY OF PICD

Over the last three decades, as LVP has become more
widely accepted as the standard first line approach
in treating refractory tense ascites, we have gained
further insight into the pathophysiology of PICD. Portal
hypertension is a major sequel of cirrhosis and occurs
secondary to increases in intrahepatic resistance to
portal blood flow, The deposition of collagen in the
hepatic acinus of the cirrhotic patient leads to narrowing
of the sinusoidal lumen, compression of the venules due
to regenerative nodules, the development of fibrosis,
and portal inflammation™. Each of these sequelae con-
tribute to liver stiffness, which resists the inflow of
portal blood™”. In addition to these structural changes,
there are several neuro-hormonal factors that alter the
contractile tone of intrahepatic endothelial cells’®®!. Shear
stress and bacterial translocation occurs, leading to
endothelial dysfunction in the pre-sinusoidal areas. This
causes the release of NO and the increased production
of COX-derived prostanoids®®. The combination of portal
blood flow resistance due to cirrhosis and increased
arterial inflow from splanchnic vasodilation leads to portal
hypertension. Portal hypertension is maintained by the
opening of portal-systemic collaterals as well as the
generation of new vessels via angiogenesis. Splanchnic
vasodilation is mediated by several substances, including
glucagon, prostacyclin, intestinal vasoactive peptide,
histamine, substance P, estrogens, cholecystokinin, am-
monia, endotoxins, adenosine, biliary acids, NO, alpha-
calcitonin gene-related peptide, vascular endothelial
growth factor, adenomedullin, carbon monoxide, and
endogenous cannabinoids®.

There is a complex and relatively poorly understood
interaction between these mediators in controlling blood
flow. Recently, it has been suggested that NO plays a
prominent role. However, several in vitro studies have
demonstrated variable changes in compensatory factors
when NO is inhibited or promoted, suggesting that its
control is not the only important factor. In response to the
release of vasodilators in the splanchnic system, there
is a release of vasoconstrictors. Due to the high levels of
NO and CO, these vasoconstrictors have a blunted effect
on splanchnic circulation and mostly affect the kidneys
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Table 2 Randomized control studies evaluating transhepatic portosystemic shunts vs paracentesis in patients with cirrhosis and

refractory ascites

Conclusions/comments

Ref. Study design Results
Lebrec et al®, 1996 Total of 25 Deaths: The authors concluded that intrahepatic
13 TIPS TIPS-9/13 shunts were selectively effective in
12LVP LVP-4/12 patients with Childs-Pugh class B,

3/13 TIPS unsuccessful, of the remaining  although they did not improve survival,
10/13 TIPS patients: 8 required a second  and actually decreased survival in class
shunt and 2 required 3 shunts C patients compared to LVP. They
1/12 LVP patients received liver transplant  believed that the prominent factor is
Survival at 2 yr with "intention to treat" ascites management were dependent
analysis 29% * 13% for TIPS and 60% + on both neurohormonal factors which
16% for LVP control natriuresis and the hepatic
sinusoidal pressures

Excluded: Age > 70
Severe diseases other than liver
Pulmonary hypertension
Hepatocellular carcinoma
Hepatic encephalopathy
Sepsis/spontaneous bacterial peritonitis
Severe alcoholic hepatitis

Portal/hepatic vein obstruction/ Survival at 2 yr with "per protocol" analysis

was 38% £ 16% for TIPS and 70% + 15% for

thrombosis
Obstruction of biliary tract or hepatic LVP
artery
Plasma creatinine > 150 mmol/L
Rossle et al™, 2000 Total of 60 patients Deaths: In comparison with large-volume
Randomized to 2 groups: TIPS - 15/29 paracentesis, the creation of a

TIPS 29/60 LVP-23/31 transjugular intrahepatic portosystemic
LVP 31/60 13/29 patients had shunt insufficiency, ~ shunt can improve the chance of survival

Excluded: 11/29 underwent reestablishment of the ~ without liver transplantation in patients

shunt after 10 £ 16 mo and 5 of these with refractory or recurrent ascites

patients required a second reestablishment
1/29 TIPS patients received liver transplant
2/31 LVP patients received liver transplant
These patients were alive 60 mo following

Hepatic encephalopathy > Grade 2
Serum bilirubin > 5 mg/dL
Serum creatinine > 3 mg/dL
Portal-vein thrombosis
Hepatic hydrothorax
Advanced cancer
Continual ascites after paracentesis or
multiple paracentesis within 1 wk

transplant
Of the patients assigned to paracentesis in
whom this procedure was unsuccessful,
10 received a transjugular shunt a mean
of 5.5 £ 4 mo after randomization; 4 had a
response to this rescue treatment
Estimated probability of survival without
transplant: TIPS: 69% and 58% at 1 and 2 yr;
LVP:52% and 32% at 1 and 2 yr
In a multivariate analysis, treatment with
transjugular shunting was independently
associated with survival without the need
for transplantation (P = 0.02)

At three mo, 61% of the patients in the
shunt group and 18% of those in the
paracentesis group had no ascites (P = 0.006)
Age > 60 yr, female sex, bilirubin > 3
mg/dL, and serum sodium < 125 mmol/L
significantly decreased survival in the TIPS

group
Gines et al™, 2002 Total of 70 patients randomized into 2 Deaths: They concluded that TIPS lowers the
groups TIPS 20/35 rate of ascites recurrence and the risk
TIPS: 35 LVP18/35 of developing hepatorenal syndrome,
LVP + Albumin (8 g/L ascites removed): Transplanted: but does not improve survival and has
65 TIPS 7/35 increased occurrence of encephalopathy
LVP 7/35 and higher cost that LVP

Primary endpoint: Survival without liver
transplantation Secondary endpoints:
Complications of cirrhosis and cost
Excluded:
<18/> 75 yesrs old

Serum bilirubin > 10 mg/dL
Prothrombin time < 40%
Platelet count < 40000/ mm?
Serum creatinine > 3 mg/dL
Hepatocellular carcinoma

1 TIPS patient required repeat LVP’s
3 LVP patients required TIPS placement
Ascites recurrence:

TIPS - 17 patients developed 60 episodes of
ascites (30 episodes attributed to 1 patient
who experienced a total occlusion of their

shunt), LVP - 29 patients developed 341
episodes of ascites
Median time of the first recurrence of

Complete portal vein thrombosis ascites:
Cardiac/respiratory failure TIPS -171d
Organic renal failure LVP-20d
Bacterial infection 13 TIPS patients experienced shunt
dysfunction

Hormonal measurements (plasma renin
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activity, aldosterone, norepinephrine, and  Total costs for TIPS patients (calculated

atrial natriuretic peptide) were measured separately in United States dollars on
at 1 wk, 1 mo and 6 mo in 18 TIPS patients

and 23 LVP patients

intention-to-treat basis from Spanish
and then United States hospitals that
participated in the study) demonstrated
that total costs and costs per patient were
greater in the TIPS group
TIPS $693460, or $19813 per patient. LVP
patients were $341760, or $9765 per patient

Sanyal et al™”, 2003 109 patients with refractory ascites were
randomized into 2 groups
52 patients received TIPS with medical
therapy (low sodium diets, diuretics, and
LVP)
57 patients received medical therapy
without TIPS
Excluded:
Similar criteria to prior studies
All patients placed on low Na diets and
diuretics

TIPS 3/52 unsuccessful
LVP 2/57 patients required TIPS
Failed treatments in the first year after

Deaths: Although TIPS plus medical therapy is
TIPS - 21/52 superior to medical therapy alone for the
LVP 21/57 control of ascites, it does not improve

Failed Treatments: survival, affect hospitalization rates, or

improve quality of life

randomization requiring repeat LVP for

tense ascites:
TIPS -22/52
LVP 48/57

All patients placed on low Na diets and  Average rate of LVP per patient in the first

diuretics
Diuretics stopped 5 d prior to LVP
Albumin infusion followed LVP at 6-8 g/L
removed
TIPS patients received shunts
Some patients from both groups received
repeat LVP’s plus Albumin for tense,
symptomatic ascites with weight gain > 10
pounds
66 patients randomized into 2 groups
TIPS group: 33
LVP + Albumin group: 33
Excluded:
Similar criteria to prior studies

Salerno et al®!, 2004

Diuretic doses continued throughout the
study and doses adjusted for each patient’s
clinical needs
All patients on low Na diets (80 mg/d)
TIPS placed
LVP patients received Albumin
replacements at 8 g/L ascites removed
Patients discharged and followed at
1, 3 and 6 mo, then every 3-6 mo or as
clinically necessary
Mean follow up time was 18.2 + 2.3 mo

Failed treatments: TIPS - 3/33 Initial LVP -

Estimated probability of survival at 1 yr:

Estimated probability of survival at 2 yr:

year after randomization: for TIPS - 1.69

LVP-6.11
Transplants:
TIPS 16/52
LVP17/57

Deaths:
TIPS -13/33
LVP-20/33

Treatment failure was more frequent
in patients assigned to paracentesis,
whereas severe episodes of hepatic

encephalopathy occurred more

0/33 reported frequently in patients assigned to TIPS

The number and duration of re-

TIPS - 77%

LVP-52%

hospitalizations were similar in the two
groups
Compared to large-volume paracentesis

TIPS 59% plus albumin, TIPS improves survival

LVP 29% without liver transplantation in patients
Transplanted: with refractory ascites

TIPS 4/33

LVP 4/33

Cox proportional hazard model indicated
that treatment assigned and MELD scores

were independent predictors of mortality
Failure of treatment noted in 7/33 TIPS
patients: 2 patients received LeVeen Shunts

and 5 LVP’s

Failure of treatment noted in 19/33 LVP
patients: 1 received a LeVeen Shunt, 11

received TIPS, and 7 elected to continue

with LVP treatment

LVP: Large-volume paracentesis; TIPS: Transhepatic portosystemic shunts; MELD: Model for end-stage liver disease.

and the brain®?.

Splanchnic vasodilation leads to an abnormally in-
creased distribution of blood into the mesenteric circula-
tion. Over time, there is an exaggerated disequilibrium
of blood supply between the central and non-central
volumes, characterized by a decrease in the central
(heart, lungs, and brain) blood volume and an increase
in the non-central (splanchnic) blood volume. These
shifts in blood volume are not clinically significant in
the early stages of cirrhosis but become more relevant
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as the disease worsens. With the development of
non-central vasodilation and pooling of blood in the
mesenteric circulation, there is an initial compensatory
increase in CO and a decrease in MAP and SVR. With
the activation of baroreceptors, this is accentuated over
time, causing further increases in CO and heart rate.
As the sympathetic nervous system, renin-angiotensin-
aldosterone system, arginine-vasopressin, and endothelin
responses heighten, renal vascular resistance increases.
This increase causes vasoconstriction and decreased
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renal blood flow leading to sodium and water retention.
Over time, as more blood volume sequestration occurs
in the splanchnic system, the compensatory mecha-
nisms are unable to sustain blood flow, leading to tissue
hypoxemia and end-organ damage. This cascade of
pathophysiological responses to portal hypertension
is termed hyperdynamic circulatory syndrome and is
generally characterized by an increase in CO and heart
rate and a decrease in SVR and MAP™®,

Most patients who require LVP to manage refractory
ascites exhibit hyperdynamic physiology, with increased
CO and heart rate and decreased MAP. Generally after
paracentesis, there is an immediate and significant de-
crease in intraabdominal pressure. This leads to initial
hemodynamic improvement, increasing CO as venous
return and negative thoracic pressures improve. In
general if less than 5 L of fluid is removed, there appears
to be no ill effects of paracentesis. If > 5 L, or an “LVP”,
is performed, relative hypovolemia develops hours after
the procedure™®. This causes a series of complex neuro-
hormonal responses that are not well understood. It
appears that within 1 h after LVP, there is an increase
in cardiac index and an associated decrease in SVR.
There are discrepant findings in the literature regarding
the pathophysiolical cause of the decrease in SVR.
However, it may be related to improved CO alone or
changes in both the renin-angiotensin system and the
sympathetic nervous system. The exact neurohormonal
changes, sequence of events, progression over time,
and impact on the cardiovascular and renal systems
are also not clear. Overall, the initial improvement in
hemodynamics after paracentesis is followed by a
relative hypovolemia. This leads to circulatory dysfunction
demonstrated by increased PRA, ADH, and aldosterone
levels and decreased MAP and SVR. This constellation of
events, termed PICD, is most commonly associated with

hyponatremia and renal insufficiency®.

SUMMARY AND CURRENT CLINICAL
PRACTICE GUIDELINES ON
MANAGEMENT OF REFRACTORY
ASCITES

Refractory ascites is defined as fluid overload that is
unresponsive to high-dose diuretics (spironolactone 400
mg/d and furosemide 160 mg/d) and sodium-restrictive
diets, recurring rapidly after therapeutic paracentesis®®®.
Diuretic therapy is considered to have failed when there
is minimal or no weight loss coupled with poor urinary
sodium restriction (< 78 mmol/d) or when there are dlinical
complications of encephalopathy, serum Cr > 2.0 mg/dL,
serum sodium < 120 mmol/L, or serum potassium >
6.0 mmol/L. Initial failure of diuretic therapy should be
treated medically (fluid restriction, sodium restriction, and
diuretic therapy), followed by serial LVP while awaiting
liver transplant. If LVP is not feasible, TIPS or surgical
peritoneovenous shunting is recommended*4.
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The American Association for the Study of Liver
Disease (AASLD), the European Association for the Study
of Liver Disease, and International Ascites Club have
written review articles and recommended summary
guidelines for the management of ascites secondary to
portal hypertension in cirrhotic patients. The most recent
AASLD practice guideline update, published in 2012 by
Runyon, made several recommendations for treating
cirrhotic patients diagnosed with refractory ascites.
The guidelines stated that: (1) beta blockers should be
discontinued or not initiated due to risks of complications
of systemic hypotension and evidence of decreased
survival (Class III, Level B); (2) angiotensin converting
enzyme inhibitors should be avoided due to complica-
tions of hypotension (Class III, Level B); (3) in patients
with hypotension, randomized trials have shown that
oral midodrine (7.5 mg TID) improves urinary volume,
urine sodium, MAP, and survival theoretically due to its
ability to improve blood pressure and convert patients
from diuretic-resistant to diuretic-sensitive (Class 1 a,
Level B); (4) after discontinuation of beta blockers and
administration of midodrine, refractory ascites should be
treated with serial LVP (Class I, Level C); (5) following
a single paracentesis of < 4-5 L, albumin infusion may
not be required to prevent PICD (Class I , Level C); (6)
LVP (> 5 L), requires albumin infusion of 6-8 g/L of fluid
removed to improve survival (Class I a, Level A); (7)
TIPS should be considered in patients who meet criteria
as described in above mentioned randomized trials but
is considered a second line therapy after LVP (Class I,
Level A); and (8) peritoneovenous shunting should be
performed if patients are not candidates for paracentesis,
TIPS, or transplant (Class IIb, Level A). These are the
current management guidelines to which most transplant
centers in North America adhere.

ISSUES AND CONTROVERSIES

In our review of the literature regarding the management
of refractory ascites, there are several major issues. The
first liver transplant was performed in 1963 but it did not
become a practical therapy for patients with end-stage
liver disease until the 1980’s when the use of cyclospo-
rine for preventing organ rejection allowed long-term
patient survival. Research efforts in cirrhosis have since
intensified, but the pathophysiology of the complications
of cirrhosis remain incompletely understood. As such,
research has tended to compartmentalized each of
the various complications. While many complex diseases
are evaluated using this method of scientific research,
cirrhosis may require a more holistic approach since
cirrhosis occurs affects essentially every organ system in
the body during its progression.

Our current understanding of ascites and its ma-
nagement seems to be based, in large measure, on
evidence and observations derived from research per-
formed decades ago. Furthermore, the evidence is based
on a focused perspective rather than a global one and
does not take into account the dynamic and evolving
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systemic nature of cirrhosis.

Large volume paracentesis is defined as a volume
of > 5 L. This amount of fluid removal is somewhat
arbitrary, originally coined in 1987 by Kao et al*® based
upon a description of the volume required to “flatten
the abdomen”. Since then, LVP of > 5 L has been used
universally as the gold standard when considering fluid
replacement. We could not find a single study that ex-
amined the impact of variations in paracentesis volume
on neuro-hormonal changes in equivalent patients.
Hence, we would challenge the validity of defininga 5 L
paracentesis as what constitutes a “large volume”.

In addition, a paracentesis volume of > 5 L is con-
sidered the amount above which PICD occurs. Before
1986, there were few studies that analyzed patients
with paracentesis of < 5 L. In the studies published since
1986, which evaluate the impact of fluid replacement,
neuro-hormonal responses, and effects of medications
on PICD, the mean volumes of paracentesis were always
> 5 L. Thus, it is unclear how the conclusion that a
paracentesis of > 5 L causes PICD can be made when
no significantly sized group of similar patients with <
5 L fluid removal have been compared. It is likely that
the occurrence of physiologically significant changes
after paracentesis are dependent upon a multitude of
factors and not only on this “minimum” amount of 5 L of
removal.

Patient volume status, fluid responses, medication
doses, and many other physiological effects are based
upon patient sex, height, weight, muscle mass, renal
function, or body mass index (BMI). Along the same
lines, one would assume that the effect, responses, and
management of fluid shifts in cirrhotic patients under-
going paracentesis should be affected similarly. The
accepted management guidelines for refractory ascites
requiring paracentesis does not incorporate any of these
principles and is instead based only on a removal volume
of > 5 L. Although never studied, it is more likely that
physiological responses after paracentesis in cirrhotic
patients have a graded effect based upon variables such
as milliliter of fluid removed per kilogram body weight,
BMI, muscle mass, and sex.

Additionally, the definition of PICD as “an increase
in the plasma renin activity by more than 50% of the
pretreatment value to a level of > 4 ng/mL per hour on
the 6™ day after paracentesis” appears to have been
arbitrarily created based upon the mean PRA levels of
36 healthy subjects. Studies conducted based upon this
definition showed that PICD is associated with decreased
6-mo survival. It can be safely concluded that there is sur-
vival disadvantage when untoward effects of paracentesis
occur, but it is not exactly clear what the “cut-off” values
of PRA should be. Another approach may be to linearly
determine the effect of changes in PRA on mortality and
hence determine what correctly defines LVP. Because
PICD has been associated with hyponatremia and renal
insufficiency, there may be some utility in proving end
organ damage. However, it is not clear how this can be

Raishidenge ~ WJH | www.wjgnet.com

Annamalai A et a/. Management of refractory ascites

achieved in cirrhotic patients who already have significant
multi-organ compromise. One crude method would be
to assess mixed venous oxygenation or lactate levels at
different time points after paracentesis.

Our current management guidelines for refractory
ascites and PICD are based upon physiological effects of
LVP determined in studies conducted before the inception
of MELD scoring in 2002. Although individual patient data
is not available, based upon the patient characteristics
published in each manuscript, the mean MELD scores of
the groups of patients included in these studies appears
to be < 15. In our current era, the mean MELD at the
time of transplant ranges from 23-35 depending on the
UNOS Region. Given this difference in disease severity,
the effects of paracentesis established in previous studies
may not be applicable in patients with more advanced
cirrhosis. There is no published data comparing the effects
of similar volumes of paracentesis with more progressive
cirrhosis or higher MELD scores.

Furthermore, all of these studies had very strict inclu-
sion criteria, excluding patients with common cirrhosis
complications, such as HE, active gastrointestinal bleed-
ing, renal failure, diabetes, infection, cardiac disorders,
hemoglobin < 9 g/dL; total bilirubin lower than 6-10
mg/dL; and serum creatinine < 1.5-3 mg/dL, or platelet
count > 40000. As cirrhosis progresses, most patients
develop these complications and begin to exhibit hyper-
dynamic physiology. These patients often have refractory
ascites and require more frequent paracentesis. However,
the exact same paracentesis guidelines are applied
in these patients with decompensated cirrhosis as in
patients with a MELD < 15. It is likely that patients with
advanced cirrhosis lack the pathophysiological reserve
to compensate for paracentesis-induced fluid shifts. It
is therefore imperative that we continue to examine the
evolving hemodynamic and neurohormanal responses
in this sicker group of patients and adjust the way we
manage paracentesis and PICD.

CONCLUSION

Paracentesis is a mainstay for the treatment of refrac-
tory ascites in patients with cirrhosis. There is clear
evidence that there is a decrease in survival in patients
who undergo paracentesis and develop circulatory dys-
function. Our current guidelines for the management
of patients requiring paracentesis are founded on a few
studies from several decades ago, which 7 include only
patients with well-compensated cirrhosis. Moreover,
current guidelines are based on definitions of LVP and
PICD created arbitrarily and without a significant amount
of comparative evidence. Yet, we continue to apply
these guidelines to all cirrhotic patients with ascites,
regardless of patient demographics, co-morbidites,
or degree of disease decompensation. A more acute
and discriminating understanding of the acute neuro-
hormonal, hemodynamic, and end organ effects of fluid
shifts and how these factors impact patients with more
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decompensated cirrhosis is needed.
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Abstract

AIM

To clarify whether Agtria methylation is involved in the
development of nonalcoholic steatohepatitis (NASH)-
related liver fibrosis in adult rats.

METHODS

A choline-deficient amino acid (CDAA) diet model was
employed for methylation analysis of NASH-related liver
fibrosis. Agtrla methylation levels were measured in
the livers of CDAA- and control choline-sufficient amino
acid (CSAA)-fed rats for 8 and 12 wk using quantitative
methylation-specific PCR. Hepatic stellate cells (HSCs)
were isolated by collagenase digestion of the liver,
followed by centrifugation of the crude cell suspension
through a density gradient. AgtrZa methylation and its
gene expression were also analyzed during the activation
of HSCs.
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RESULTS

The mean levels of Agtria methylation in the livers
of CDAA-fed rats (11.5% and 18.6% at 8 and 12 wk,
respectively) tended to be higher (P = 0.06 and 0.09,
respectively) than those in the livers of CSAA-fed rats
(2.1% and 5.3% at 8 and 12 wk, respectively). Agiria
was not methylated at all in quiescent HSCs, but was
clearly methylated in activated HSCs (13.8%, P < 0.01).
Interestingly, although Agtria was hypermethylated,
the Agtria mRNA level increased up to 2.2-fold (P <
0.05) in activated HSCs compared with that in quiescent
HSCs, suggesting that AgtrZa methylation did not silence
its expression but instead had the potential to upregulate
its expression. These findings indicate that Agéria me-
thylation and its upregulation of gene expression are
associated with the development of NASH-related liver
fibrosis.

CONCLUSION

This is the first study to show that DNA methylation is
potentially involved in the regulation of a renin-angiotensin
system-related gene expression during liver fibrosis.

Key words: Epigenetics; DNA methylation; Angiotensin
II receptor; Liver fibrosis; Nonalcoholic steatohepatitis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report the first study to show that Agtria
methylation occurred during the development of no-
nalcoholic steatohepatitis-related liver fibrosis. Inter-
estingly, Agtrla gene expression was upregulated during
liver fibrosis, although Agtria was methylated. This study
demonstrates for the first time that renin-angiotensin
system-related gene expression is regulated by DNA
methylation during liver fibrosis. This finding raises ex-
pectations about the therapeutic application of deme-
thylating agents for the treatment of liver fibrosis.

Asada K, Aihara Y, Takaya H, Noguchi R, Namisaki T, Moriya
K, Uejima M, Kitade M, Mashitani T, Takeda K, Kawaratani H,
Okura Y, Kaji K, Douhara A, Sawada Y, Nishimura N, Seki K,
Mitoro A, Yamao J, Yoshiji H. DNA methylation of angiotensin
IT receptor gene in nonalcoholic steatohepatitis-related liver
fibrosis. World J Hepatol 2016; 8(28): 1194-1199 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v8/i28/1194.
htm DOI: http://dx.doi.org/10.4254/wjh.v8.i28.1194

INTRODUCTION

Liver fibrosis is a characteristic feature of chronic liver
disease regardless of the etiology. Cirrhosis is the
terminal condition of chronic liver diseases, and hepatic
failure due to liver cirrhosis is caused by progressive
fibrosis that ultimately results in nodular regeneration
with loss of function'®!, Considering that hepatocellular
carcinoma (HCC) also develops from liver fibrosis, it
is necessary to investigate the molecular mechanisms
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underlying liver fibrosis development to reduce the
morbidity and mortality of chronic liver disease.

The renin-angiotensin system (RAS) is continually
activated in patients with chronic liver diseases, such
as cirrhosis™. Angiotensin I (AT-1I), an octapeptide
produced mainly via the enzymatic cleavage of angiotensin
I by angiotensin I-converting enzyme, reportedly plays
an important role in chronic liver disease progression. AT-
II activates a series of signal transduction pathways in
activated hepatic stellate cells (HSCs) by binding to the
AT-TI type 1 receptor (AT1-R)P. We previously reported
that AT1-R blockers significantly attenuate experimental
liver fibrosis development with the suppression of
activated HSC proliferation'®®. However, the molecular
mechanisms regulating RAS-related gene expression
remain unelucidated.

Epigenetic alterations, including DNA methylation,
are involved in the progression of liver fibrosis and HCC
in human and animal studies®®*!, Recently, Chen et af'*”!
reported that RAS-related genes, especially Agtria en-
coding rat AT1-R, are methylated in rats born to mothers
fed a methyl donor-deficient diet during gestation and
lactation. They showed that Agtria methylation can be
a surrogate marker to predict susceptibility in developing
nonalcoholic fatty liver disease (NAFLD) later in life.
However, it is unclear whether Agtria methylation is
associated with the development of nonalcoholic steato-
hepatitis (NASH)-related liver fibrosis.

Here we employed choline-deficient amino acid
(CDAA)-fed rats to evaluate the importance of Agtria
methylation in the development of NASH-related liver
fibrosis. Our results demonstrate that Agtrla methylation
is potentially associated with liver fibrosis development
and HSC activation.

MATERIALS AND METHODS

Animal model of liver disease

Six-week-old male Fisher 344 rats (CLEA Japan, Inc.,
Osaka, Japan) were housed in a room under a controlled
temperature and a 12/12-h light-dark cycle. The animals
were divided into the following four experimental groups:
(1) choline-sufficient amino acid diet (CSAA) for 8 wk
(n = 4); (2) CSAA for 12 wk (n = 11); (3) CDAA for 8 wk
(n = 10); and (4) CDAA for 12 wk (n = 12). Initially,
sample sizes for group (1)-(5) were 5, 12, 10, and 12,
respectively, but two animals (one for CSAA-diet for 8
wk and the other for CSAA-diet for 12 wk) were dropped
out because of entry in another experiment. All animal
procedures were performed in accordance with standard
protocols and following the standard recommendations
for the appropriate care and use of laboratory animals.
This study was approved by the animal experiment
ethical committee at the Nara Medical University (protocol
number: 9354).

Isolation and activation of HSCs
HSCs were isolated by the collagenase digestion of
the liver of a 6-week-old male Fisher 344 rat using a
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Figure 1 Agtr1a genomic structure. Each vertical tick on the top line shows
an individual CpG site. GenBank accession number is listed at the left end
on the bottom line. Open box shows exon 1, and dashed lines show the
ambiguous boundary region of exon 1. Quantitative real-time methylation-
specific PCR was performed in the region marked with closed arrowheads.

perfusion system, followed by the centrifugation of the
crude cell suspension through a density gradient, as
described previously™. Genomic DNA and total RNA
were isolated from freshly isolated HSCs in a quiescent
state. Thereafter, HSCs were activated in a culture on a
plastic dish for 5 d.

Genomic DNA isolation, sodium bisulfite modification,
and quantitative real-time methylation-specific PCR
Genomic DNA was isolated using a DNeasy® Blood and
Tissue Kit (Qiagen, Hilden, Germany). Fully methylated
control DNA was prepared by methylating genomic DNA
with SssI methylase (New England Biolabs, Beverly, MA),
and completely unmethylated control DNA was purchased
from EpigenDx (Hopkinton, MA). Bisulfite modification
was performed using an EZ DNA Methylation-Gold Kit
(Zymo Research, Irvine, CA). Agtrla genomic structure
is illustrated in Figure 1. An aliquot of 1 uL was used for
quantitative real-time methylation-specific PCR (qMSP)
with primers specific to a methylated sequence of Agtria
(forward 5’-GGT TGG AAT TTG TAG AGT AGC GAC-3’,
reverse 5’-CAA CGC TAA TAC CGA CCT CG-3’) and to a
B2 repeat sequence, regardless of the methylation status,
as demonstrated in a previous report™®,

gMSP was performed by real-time PCR using a
Power SYBR® Green PCR Master Mix (Thermo Fisher
Scientific, Waltham, MA) and a StepOnePlus™ Real-
Time PCR® (Thermo Fisher Scientific, Waltham, MA).
The methylation level was calculated as the methylation
percentage obtained as follows: {[number of DNA
molecules methylated at a target CpG island (CGI) in
a sample]/(number of B2 repeats in the sample)}/
[(number of DNA molecules methylated at the target
CGI in completely methylated control DNA)/(number of
B2 repeats in the completely methylated control DNA)] x
100, as described previously™.

Quantitative real-time reverse transcription PCR

Total RNA was extracted using an RNeasy® Mini Kit
(Qiagen, Hilden, Germany). cDNA was synthesized from
1 ug of total RNA using a High Capacity RNA to cDNA
Master Mix (Thermo Fisher Scientific, Waltham, MA).
Agtrlia mRNA level was measured by quantitative PCR
using the StepOnePlus™ Real-Time PCR® (Thermo Fisher
Scientific, Waltham, MA). Primer sequences for Agtria
and for Ppia were reported previously!**®!, The number
of Agtrla cDNA molecules was normalized to that of Ppia
cDNA molecules.
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Figure 2 Levels of Agtr1a methylation in the livers of control choline-
sufficient amino acid - and choline-deficient amino acid - fed rats. The livers
of choline-deficient amino acid (CDAA) - fed rats show higher Agtrfa methylation
than that shown by the livers of choline-sufficient amino acid (CSAA) - fed rats at
8 (mean, 11.5% and 2.1%, P = 0.06) and 12 wk (mean, 18.6% and 5.3%, P = 0.09),
respectively.

Statistical analysis

The difference in mean methylation levels was analyzed
using Welch'’s t-test. The results were considered signi-
ficant with a P value of < 0.05.

RESULTS

Agtr1a methylation in the livers of CDAA-fed rats and
activated HSCs
To evaluate the status of Agtria methylation in the whole
liver, we performed gMSP using the liver samples of
CSAA- and CDAA-fed rats after the two feeding periods,
8 and 12 wk. The mean levels of Agtrla methylation in
the livers of CDAA-fed rats were 11.5% and 18.6% at
8 and 12 wk, respectively, whereas those in the livers
of CSAA-fed rats were 2.1% and 5.3% at 8 and 12 wk,
respectively. These findings suggested that the levels of
Agtria methylation in the livers of CDAA-fed rats tended
to be higher than those in the livers of CSAA-fed rats at 8
and 12 wk (P = 0.06 and 0.09, respectively; Figure 2).
Next, we evaluated the level of Agtria methylation
during HSC activation in vitro. We found that Agtria
methylation was not detected at all in quiescent HSCs,
but was clearly observed in activated HSCs (13.8%, P <
0.01; Figure 3). Taken together with the in vivo results,
our findings indicate that Agtria is hypermethylated in
accordance with the development of NASH-related liver
fibrosis.

Agtr1a expression in activated HSCs, and its association
with methylation
To address the contribution of Agtria methylation to its
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Figure 3 Levels of Agtr1a methylation in the quiescent and activated
hepatic stellate cells. Agtria is not methylated at all in quiescent hepatic
stellate cells (HSCs) but hypermethylated (13.8%, P < 0.01) in activated HSCs.
Data are presented as the mean + SE.

gene expression, we performed quantitative real-time
reverse transcription PCR using quiescent and activated
HSCs. Agtrla expression was observed in quiescent
HSCs in which Agtria was unmethylated. Unexpectedly,
Agtrla expression increased up to 2.2-fold (P < 0.05)
in the activated HSCs compared with that in quiescent
HSCs, although Agtria was methylated (Figure 4). Inter-
estingly, in contrast to the general relationship between
promoter CGIs and gene expression, Agtrla methylation
did not silence its expression but instead had the po-
tential to upregulate its expression.

DISCUSSION

In this study, we found that Agtria methylation occurred
during the development of NASH-related liver fibrosis.
Agtrla, which encodes rat AT1-R, the receptor for AT-1I,
is an important factor in liver fibrosis development™’*#,
Our previous reports demonstrated that both AT-/7/ and
AT1-R gene expressions were upregulated during fibrosis
development in rat liver, and the blockage of AT-1I/AT1-R
signaling could attenuate liver fibrosis®®®. Considering
that Agtria methylation upregulates its gene expression,
Agtrla demethylation can suppress liver fibrosis.

Agtria methylation was first demonstrated in the
liver of rats born to mothers fed a methyl donor-deficient
diet during gestation and lactation, and it was reported
that rat pups with Agtria methylation have a high risk of
developing NAFLD™, Epigenetics derived from mother-
pup interaction is a prominent research field, and epi-
genetic susceptibility to phenotypes and diseases, such
as yellow coat color, stress response, and breast cancer in
offspring, has been identified">*). However, few studies
have focused on whether these epigenetic changes re-
sponsible for susceptibility to particular diseases occur
when the diseases actually develop in adults. Here we
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Figure 4 Relative Agtr1a expression normalized to Ppia in quiescent and
activated hepatic stellate cells. Activated hepatic stellate cells (HSCs) show
2.2-fold higher (P < 0.05) Agtr1a expression than that shown by quiescent
HSCs. Data are presented as the mean + SE.

found that Agtria methylation, associated with sus-
ceptibility to NAFLD in pups, occurs in liver fibrosis deve-
lopment in adult NASH model rats.

As an experimental NASH model, we employed the
CDAA model in this study. In the CDAA model, liver
fibrosis develops at 8 wk and severely progresses at
12 wk®#, This model has an advantage of histological
progression of liver fibrosis, which is very similar to
human NASH. However, there are critical disadvantages
of this model. For examples, obesity, glucose intolerance,
and insulin resistance, which are common features in
human NASH, are not observed in this model. It remains
to be elucidated whether Agtria methylation is induced
in other experimental NASH models.

In CDAA model, Agtria methylation in the livers of
CDAA-fed rats tended to be higher than that in the livers
of CSAA-fed rats, but it was not statistically significant.
We consider that methylation levels are highly variable
in each diet group and the difference between CDAA-
and CSAA-fed rats appears to be small. This variability
depends on individual differences in rats and tissue he-
terogeneity in each sample, but both of them are hardly
avoided. On the other hand, in HSC analysis, Agtria
methylation and upregulation was clearly observed. Even
in the CDAA model, it would be better to isolate HSC from
the livers of CDAA-fed rats to obtain clear methylation
changes.

Agtrla hypermethylation was associated with Agtria
upregulation. As for the promoter CGI, hypermethylation
is generally considered to be strongly associated with
gene silencing®. On the other hand, in the case of a
CGI at the gene body, hypermethylation occasionally
contributes to overexpression®®. In the Agtria gene,
5’-CGI was not located at the promoter region but was just
downstream of the transcription initiation site (Figure 1),
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which might contribute to gene overexpression. It is
hoped that the mechanism by which gene body methy-
lation induces overexpression can be demonstrated.

In conclusion, this study demonstrates for the first
time that RAS-related gene expression is regulated
by DNA methylation during liver fibrosis. This finding
raises expectations about the therapeutic application of
demethylating agents for the treatment of liver fibrosis.

COMMENTS

Background

The renin-angiotensin system (RAS) plays a crucial role in the development
of liver fibrosis. Among the RAS-related genes, the methylation of Agtria,
the rat Angiotensin I type 1 receptor gene, is a potential risk marker for the
development of nonalcoholic fatty liver disease in rat pups. However, it remains
to be elucidated whether Agtr1a methylation occurs in liver fibrosis development
in adult rats with nonalcoholic steatohepatitis (NASH).

Research frontiers
Epigenetics derived from mother-pup interaction is a prominent research field.
However, few studies have focused on whether these epigenetic changes
responsible for susceptibility to particular diseases occur when the diseases
actually develop in adults.

Innovations and breakthroughs
This study demonstrates for the first time that the expression of Agtrfa, a RAS-
related gene, is regulated by DNA methylation during liver fibrosis.

Applications
The authors finding raises expectations about the therapeutic application of
demethylating agents for the treatment of liver fibrosis.

Terminology

Epigenetics refers to heritable marks regulating tissue-specific gene expression
without changes in the DNA sequence. Prominent epigenetic marks consist of
DNA methylation and histone modifications. Aberrant epigenetic changes are
involved in various diseases, including cancer.
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This manuscript addresses the role of DNA methylation of angiotensin Il receptor
in fibrosis development in a rat model of NASH. The study is original and well
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Abstract

AIM

To clarify the clinical factors associated with liver rege-
neration after major hepatectomy and the hypertrophic
rate after portal vein embolization (PVE).

METHODS

A total of 63 patients who underwent major hepatec-
tomy and 13 patients who underwent PVE in a tertiary
care hospital between January 2012 and August 2015
were included in the analysis. We calculated the remnant
liver volume following hepatectomy using contrast-en-
hanced computed tomography (CT) performed before
and approximately 3-6 mo after hepatectomy. Further-
more, we calculated the liver volume using CT performed
2-4 wk after PVE. Preoperative patient characteristics
and laboratory data were analyzed to identify factors
affecting postoperative liver regeneration or hypertrophy
rate following PVE.

RESULTS

The remnant liver volume/total liver volume ratio nega-
tively correlated with the liver regeneration rate after
hepatectomy (p = -0.850, 2 < 0.001). The regeneration
rate was significantly lower in patients with an indo-
cyanine green retention rate at 15 min (ICG-R15) of =
20% in the right hepatectomy group but not in the left
hepatectomy group. The hypertrophic rate after PVE
positively correlated with the regeneration rate after
hepatectomy (o = 0.648, P = 0.017). In addition, the
hypertrophic rate after PVE was significantly lower in
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patients with an ICG-R15 = 20% and a serum total
bilirubin = 1.5 mg/dL.

CONCLUSION

The regeneration rate after major hepatectomy correlated
with hypertrophic rate after PVE. Both of them were
attenuated in the presence of impaired liver function.

Key words: Regeneration after hepatectomy; Major
hepatectomy; Portal vein embolization; Clinical factors;
Hypertrophy

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about the clinical factors asso-
ciated with liver regeneration after major hepatectomy.
In the present study, the liver regeneration rate after
major hepatectomy correlated with the remnant liver
volume and hypertrophic rate after portal vein embo-
lization. The regeneration rate after major hepatectomy
and hypertrophic rate after portal vein embolization were
attenuated in the presence of impaired liver function.

Kageyama Y, Kokudo T, Amikura K, Miyazaki Y, Takahashi A,
Sakamoto H. Impaired liver function attenuates liver regeneration
and hypertrophy after portal vein embolization. World J Hepatol
2016; 8(28): 1200-1204 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v8/i28/1200.htm DOI: http://dx.doi.
org/10.4254/wjh.v8.i28.1200

INTRODUCTION

Curative resection is the most effective treatment for
liver cancer™. Although resection-related mortality and
morbidity have substantially decreased in recent years,
the postoperative mortality rate remain to be as high as
1%-5%""7, The capacity of hepatic regeneration after
hepatectomy and the hypertrophic rate after portal vein
embolization (PVE) are important for allowing surgeons to
determine the appropriate extent of resection®®'"), Better
regeneration after hepatectomy and liver hypertrophy
after PVE may prevent posthepatectomy complications,
including hepatic failure!>*, Little is known about preo-
perative clinical factors influencing postoperative liver
regeneration.

The aim of this study was to clarify the relationship
between preoperative dlinical factors and the regenerative
capacity of the remnant liver after hepatectomy. Further-
more, we examined the relationship between the regene-
ration rate after hepatectomy and hypertrophic rate after
PVE and dlinical factors that affect the hypertrophic rate
after PVE.

MATERIALS AND METHODS

Liver volume analysis
A total of 63 patients who underwent major hepatectomy

Raishidenge ~ WJH | www.wjgnet.com

in the Division of Gastroenterological Surgery, Saitama
Cancer Center, between January 2012 and August
2015 were included in the analysis. The liver volume
was measured using enhanced computed tomography
(CT) images taken before and approximately 3-6 mo
after hepatectomy™®. For volumetric analysis, a three-
dimensional image analysis software was used (SYN-
APSE VINCENT; Fuji Medical Systems, Tokyo, Japan).
The regeneration rate was calculated as follows: [(liver
volume after hepatectomy/estimated remnant liver
volume before hepatectomy) x 100] - 100 (%). The
indications for PVE were determined by the balance
between the indocyanine green fractional disappea-
rance rate (ICG-K) and the volumetric ratio of the future
remnant liver volume. PVE was performed in patients
whose values were estimated as follows: (ICG-K) x
(remnant liver volume/total liver volume) < 0.05™. The
liver volume after PVE was calculated using enhanced
CT images taken 2-4 wk after PVE. The hypertrophic
rate after PVE was estimated as follows: [(remnant liver
volume after PVE/remnant liver volume before PVE)
x 100] - 100 (%). Preoperative patient characteristics
and laboratory data, including platelet count, total biliru-
bin, and indocyanine green retention rate at 15 min
(ICG-R15), were analyzed to identify factors affecting
postoperative liver regeneration. For the measurement
of ICG-R15, Indocyanine green (Diagnogreen, Daiichi-
Sankyo, Tokyo, Japan) was administered at dose of
0.5 mg/kg by the antecubital vein of the opposite arm.
Then, venous peripheral blood samples were collected
every 5 min for 15 min to measure the ICG absorbance.
ICG-K and ICG-R15 were calculated by fitting the serum
disappearance curve by a single-exponential decay equation.

Statistical analysis

Statistical analysis was performed using the JMP 11
software (SAS Institute, Inc., Cary, NC). Categorical vari-
ables were analyzed using the Wilcoxon rank sum test.
Correlations between two parameters were examined by
calculating the Spearman’s rank correlation coefficient.
A 2-tailed P value of < 0.05 was considered statistically
significant.

RESULTS

Liver regeneration after hepatectomy

Among the 63 patients, 42 were men and 21 were
women, with a mean age of 68.1 years (range: 45-89
years). The diseases indicating the need for hepatectomy
were metastatic liver carcinoma (n = 31), intrahepatic
cholangiocarcinoma (n = 14), hilar cholangiocarcinoma
(n = 10), hepatocellular carcinoma (n = 4), gallbladder
carcinoma (n = 2), hemangioma (n = 1), and neuro-
endocrine tumor (n = 1). A total of 22 patients had
background liver diseases, including chronic viral hepatitis
(n = 6), alcoholic hepatitis (n = 1), and obstructive
jaundice (n = 15). Preoperative chemotherapy within
6 mo was performed in 18 patients and 13 patients
underwent preoperative PVE. The operative procedures
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Figure 1 Relationship between the remnant liver volumeltotal liver volume
ratio and the liver regeneration rate after hepatectomy (n = 63).

Spearman's rank correlation coefficient
p =-0.477
P=0.014
150 -
S
[
® 100 -
c
9
©
9]
C
Q
o 50
[~4
O | | | | |

0 10 20 30 40
Indocyanine green retention rate at 15 min (%)

Figure 2 Relationship between indocyanine green retention rate at 15 min
and liver regeneration rate in patients who underwent right hepatectomy
or extended right hepatectomy (n = 13).

performed in the 63 patients included right hepatectomy
or extended right hepatectomy (n = 26), left hepa-
tectomy or extended left hepatectomy (n = 32), right
trisegmentectomy (n = 3), and left trisegmentectomy
(n = 2). The median remnant liver volume/total liver
volume ratios after right hepatectomy and extended right
hepatectomy, left hepatectomy and extended left hepa-
tectomy, right trisegmentectomy, and left trisegmen-
tectomy were 42.5%, 68.4%, 26.2% and 40.3%, re-
spectively. Their median regeneration rates were 65.6%,
25.7%, 138.1% and 101.2%, respectively. The remnant
liver volume/total liver volume ratio negatively correlated
with the regeneration rate after hepatectomy (o = -0.850,
P < 0.001; Figure 1).

Factors associated with liver regeneration

Because the liver regeneration rates were significantly
different between the patients who underwent right
hepatectomy or extended right hepatectomy (right hepa-
tectomy group) and left hepatectomy or extended left
hepatectomy (left hepatectomy group), we analyzed these
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Figure 3 Relationship between liver regeneration rate after major hepa-
tectomy and hypertrophic rate after portal vein embolization (n = 13).

two groups separately. In the right hepatectomy group,
regeneration rate was significantly lower in patients with
an ICG-R15 of = 20%. It was not associated with platelet
count, total bilirubin, diabetes mellitus, viral hepatitis,
obstructive jaundice, or preoperative chemotherapy.
The ICG-R15 value negatively correlated with liver rege-
neration rate in the right hepatectomy group (p = -0.477,
P = 0.014; Figure 2). In the left hepatectomy group,
no factor was associated with the regeneration rate
(Table 1). In the 13 patients who underwent preoperative
PVE, the median hypertrophic rate was 32.2% (range:
2.7%-58.3%). The hypertrophic rate positively correlated
with the regeneration rate after hepatectomy (p =
0.648, P = 0.017; Figure 3). The hypertrophic rate was
significantly lower in patients with an ICG-R15 of = 20%
and total bilirubin of = 1.5 mg/dL (Table 2).

DISCUSSION

Our study demonstrated that the liver regeneration rate
was significantly lower in patients with an ICG-R15 of
= 20% in the right hepatectomy group, but not in the
left hepatectomy group. The hypertrophic rate after PVE
positively correlated with the regeneration rate after
hepatectomy. In addition, the hypertrophic rate after
PVE was significantly lower in patients with an ICG-R15
of = 20% and a serum total bilirubin of = 1.5 mg/dL.
Although several studies reported factors affecting
liver regeneration after hepatectomy, the factors vary
among studies. Yamanaka et a'® reported that the extent
of resection and impaired liver function were associated
with the liver regeneration, whereas Ogata et af''”’ re-
ported that serum hyaluronan was a predictor of liver
regeneration in patients with hepatocellular carcinoma. In
living-donor liver transplantation, remnant liver volume™®,
sex!™ and age'® have been reported to be associated
with liver regeneration. Aoki et a**! reported that sex
and alanine aminotransferase values were associated
with liver regeneration in the early phase, and the final
regeneration rate was associated with the ratio of re-

October 8, 2016 | Volume 8 | Issue 28 |



Kageyama Y et a/. Liver function and regeneration following hepatectomy

Table 1 Patient characteristics and liver regeneration rate after hepatectomy in 26 patients who underwent right hepatectomy or

extended right hepatectomy vs 32 patients who underwent left hepatectomy or extended left hepatectomy

Right hepatectomy

Left hepatectomy

n  Regeneration rate (%)’ P n  Regeneration rate (%)’ P

Age (mean) 45-83 (69) P=0891 4689 (69) P=0321
Sex (male/female) 18/8 65.6/69.2 P =0.355 20/12 25.7/25.9 P =0.969
Background liver disease (yes/no) 6/20 51.0/70.2 P=0.248 14/18 24.0/25.7 P=0.621
Platelet count (/mma) =100 24 69.3 P=0.178 30 247 P =0.586
<100 2 41.6 2 28.8

Total bilirubin (mg/dL) = 1.5 1 71.8 P =0.842 4 28.2 P=0.724
<15 25 64.4 27 249

ICG-R15 (%) = 20 4 28.5 P <0.05 4 28.2 P=0.724
<20 22 72.7 27 249

Diabetes mellitus (yes/no) 4/22 63.7/65.6 P=0.570 4/28 37.8/24.7 P =0.459
Preoperative chemotherapy (yes/no) 10/16 60.0/74.5 P=0317 8/24 29.7/24.1 P=0.361

'Median. ICG-R15: Indocyanine green retention rate at 15 min.

Table 2 Patient characteristics and hypertrophic rate in 13 patients who under-

went portal vein embolization

n  Hypertrophic rate (%)’ P

Age (mean) 50-80 (65) P=0.845
Sex (male/female) 10/3 30.5/40.1 P=0.612
Background liver disease (yes/no) 6/7 23.1/40.1 P =0.087
Platelet count (/mm’) = 100 12 30.5 P =0.593
<100 1 40.1

Total bilirubin (mg/dL) = 1.5 4 19.7 P <0.05
<15 9 40.0

ICG-R15 (%) = 20 2 12.0 P<0.05
<20 11 34.2

Diabetes mellitus (yes/no) 3/10 32.2/31.4 P =1.000
Preoperative chemotherapy (yes/no) 3/10 40.1/26.8 P=0.237

"Median. ICG-R15: Indocyanine green retention rate at 15 min.

sected liver volume. In our study, the remnant liver
volume in the right hepatectomy group was significantly
larger than that in the left hepatectomy group, and
together with previous reports, the regeneration rate
was highly affected by remnant liver volume/total liver
volume ratio. Therefore, left and right hepatectomy
should be separately considered when analyzing liver re-
generation.

The regeneration rate was significantly lower in
patients with a higher ICG-R15 in the right hepatectomy
group, whereas no variables related to liver regeneration
were identified in the left hepatectomy group. These
results also confirmed that liver regeneration after right
and left hepatectomy should be separately considered.

Our study demonstrated the correlation between
the hypertrophic rate after PVE and liver regeneration
rate after hepatectomy. The hypertrophic rate positively
correlated with the regeneration rate, and regeneration
rate after major hepatectomy and hypertrophic rate
after PVE were attenuated in the presence of impaired
liver function.

In conclusion, the regeneration rate after major hepa-
tectomy correlated with the remnant liver volume and
hypertrophic rate after PVE. The regeneration rate after
right hepatectomy and hypertrophic rate after PVE were
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attenuated in the presence of impaired liver function.

COMMENTS

Background

Although resection-related mortality and morbidity have substantially decreased
in recent years, the postoperative mortality rate has remained as high as
1%-5%. Portal vein embolization (PVE) is proposed to induce hypertrophy of the
anticipated liver remnant to reduce such complications. The capacity of hepatic
regeneration after hepatectomy and the hypertrophic rate after PVE are important
for allowing surgeons to determine the appropriate extent of resection. Better
regeneration after hepatectomy and liver hypertrophy after PVE may prevent
posthepatectomy complications, including hepatic failure.

Research frontiers
Little is known about preoperative clinical factors influencing postoperative liver
regeneration and liver hypertrophy after PVE.

Innovations and breakthroughs

In this study, the relationship between preoperative clinical factors and the
regenerative capacity of the remnant liver after hepatectomy were clarified.
Furthermore, the authors examined the relationship between the regeneration
rate after hepatectomy and hypertrophic rate after PVE and clinical factors that
affect the hypertrophic rate after PVE.

Applications
This study suggests that the regeneration rate after major hepatectomy cor-
related with the remnant liver volume and hypertrophic rate after PVE, and the
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regeneration rate after right hepatectomy and hypertrophic rate after PVE were
attenuated in the presence of impaired liver function.

Terminology

PVE: A procedure in the preoperative treatment of patients selected for major
hepatic resection. PVE is performed via either the percutaneous transhepatic
or the transileocolic route and is usually reserved for patients whose future liver
remnants are too small to allow resection.

Peer-review

The manuscript is an interesting one. The authors, using 63 patients who
underwent major hepatectomy and 13 patients who underwent portal vain
embolization, calculated regeneration rate correlated with the remnant liver
volume. In conclusion, they found that the regeneration rate after right hepa-
tectomy and the hypertrophic rate after PVE were attenuated in the presence of
impaired liver function. It is a well-written and presented manuscript.
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