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Abstract

Gender medicine focuses on the patho-physiological,
clinical, prevention and treatment differences in dis-
eases that are equally represented in men and women.
The purpose of gender medicine is to ensure that each
individual man and woman receives the best treatment
possible based on scientific evidence. The concept of
“gender” includes not only the sexual characteristics
of individuals but also physiological and psychological
attributes of men and women, including risk factors,
protective/aggravating effects of sexual hormones
and variances linked to genetics and corporal struc-
tures that explain biological and physiological differ-
ences between men and women. It is very important
to consider all the biological, physiological, functional,
psychological, social and cultural characteristics to pro-
vide patients with individualized disease management.
Herein, we critically analyze the literature regarding
gender differences for diseases and acquired conditions
of the most representative hepatic pathologies: primary
biliary cirrhosis, autoimmune hepatitis, primary scleros-
ing cholangitis, non alcoholic fatty liver disease and
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alcoholic liver disease, and viral chronic hepatitis B and
C. The last section addresses hemochromatosis, which
is a prevalent iron overload disorder in the Caucasian
population. This review aims to describe data from the
literature concerning viral chronic hepatitis during preg-
nancy, management during pregnancy and delivery,
and new effective drugs for the prevention of maternal
infection transmission without significant adverse ef-
fects or complications.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Gender; Liver disease; Primary biliary cir-
rhosis; Autoimmune hepatitis; Viral chronic hepatitis B;
Viral chronic hepatitis C; Non alcoholic fatty liver dis-
ease; Alcoholic liver disease

Core tip: Gender medicine focuses on the patho-physi-
ological, clinical, prevention and treatment differences
in diseases that are equally represented in men and
women. The concept of “gender” includes not only the
sexual characteristics of individuals but also physiologi-
cal and psychological attributes of men and women. In
this review, we critically analyze the literature regarding
gender differences for diseases and acquired condi-
tions of the most representative hepatic pathologies:
primary biliary cirrhosis, autoimmune hepatitis, primary
sclerosing cholangitis, non alcoholic fatty liver disease
and alcoholic liver disease, viral chronic hepatitis B and
C, and hemochromatosis (the prevalent iron overload
disorder in the Caucasian population).

Durazzo M, Belci P, Collo A, Prandi V, Pistone E, Martorana M,
Gambino R, Bo S. Gender specific medicine in liver diseases:
A point of view. World J Gastroenterol 2014; 20(9): 2127-2135
Available from: URL: http://www.wjgnet.com/1007-9327/
full/v20/i9/2127.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
19.2127
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INTRODUCTION

Gender medicine is a new aspect of medicine that fo-
cuses on to investigating the differences in diseases based
on anatomic and physiological stages, from biological,

functional, psychological, social and cultural points of
view and analyzes the range of responses to pharmaco-
logical care. This field emerged because epidemiological
and clinical surveys performed over the last 30 years have
generally reported results for only gender!".

The concept of “gender” refers not only to the sexual
characteristics of individuals, but also to a set of differ-
ences derived from the physiology and psychology of
men and women and from various social and cultural
environments. From biological and physiological points
of view, the differences between men and women may be
explained by differences in the presence of risk factors,
protective/aggravating effects of sexual hormones, vari-
ances linked to genetics and various corporal structures'.

The aim of this review is to examine the available
data in the literature concerning the differences between
men and women for the most representative hepatic pa-
thologies, including primary biliary cirrhosis (PBC), auto-
immune hepatitis (AIH), viral chronic hepatitis B and C,
non alcoholic fatty liver disease (NAFLD) and alcoholic
liver disease. There are morphological differences in the
liver between genders. Thus, hepatic damage may pro-
duce different consequences in men and women in ongo-

ing primitive diseases and during acquired conditions'”.

AUTOIMMUNE LIVER DISEASES:
PRIMARY BILIARY CIRRHOSIS,
AUTOIMMUNE HEPATITIS AND PRIMARY
SCLEROSING CHOLANGITIS

Previous studies have examined gender differences in the
immune system, and suggest that estrogen and androgen

may modulate the immune system. Women have a sig-
nificantly higher number of CD4" T lymphocytes and a
higher CD4"/CD8" ratio than men".

Additionally, the secretion of interferon-y (IFN-v)
and interleukin (IL)-10 was enhanced after the addi-
tion of estrogen in T-cell clones isolated from women'",
Conversely, androgen inhibited, the secretions of IFN-y,
I1-4, and IL-5 in murine T cells”.

These findings suggest that gender differences could
have a role in autoimmune diseases.

The best example demonstrating gender differences is
PBC.

PBC is a chronic cholestatic liver disease character-
ized by immune-mediated inflammatory destruction of
the small intrahepatic bile ducts, and fibrosis. PBC can
progress to cirrhosis and subsequent liver failure!””. PBC
is a typical female disease that occurs from 40-60 years of
age"”. The incidence rates in women and men range from
3:1 to 22:1, with an average incidence rate in women of
10:1"". The age at PBC diagnosis was found to be older
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in men (62 years) than in women (51 years)"".

Numerous hypotheses have been formulated to jus-
tify this sex imbalance. For example, the effects of sex
hormones in lymphocyte maturation/activation and the
synthesis of antibodies and cytokines have been sug-
gested as contributing factors. Additionally, the immune-
modulatory effects of estrogens during reproductive life,
fetal microchimerism, skewing of the X-chromosome in-
activation pattern and defects in sex chromosomes have
also been suggested as factors'™™. Several studies have
identified an increased incidence of X haploinsufficiency
in female patients'™"".

A study by Selmi ez al™ indicates that epigenetic
factors, such as X chromosome inactivation, may also
be involved in the development of PBC, and variable
concordance rates of PBC have been identified between
twins. A recent study by Lleo ¢ «/'” demonstrated how
Y chromosome loss is associated with PBC in male pa-
tients. These epigenetic changes may be ideal targets for
new personalized treatments, as suggested by cancer data.
However, no convincing evidence has yet supported any
of these hypotheses. Males are less likely to be symptom-
atic than females. Females experience pruritus as a single
symptom more often than males. It has been suggested
that female sex hormones may be linked with pruritus.
In addition, female sex hormones may cause more ab-
dominal pain/discomfort and constitutional symptoms
(malaise, anorexia, weight loss, fatigue). In contrast, males
experience more jaundice, jaundice with pruritus, and up-
per gastrointestinal bleeding[m.

The rates of severe daytime somnolence and depres-
sive symptoms were found to be similar in males and
females; in contrast, autonomic symptoms were more
profound in females"*"”.

Concomitant autoimmune diseases such as, Sicca
Syndrome, Scleroderma and Raynaud’s phenomenon,
were shown to be less prevalent in men. These findings
suggest that females are more likely to suffer concomi-
tant autoimmune disease than males. The complications
of hepatocellular carcinoma (HCC) in patients with PBC
were reported to be significantly greater in men than in
women'". Biochemical levels of alkaline phosphatase
(ALP), alanine aminotransferase (ALT) and gamma-glu-
tamyl transpeptidase (gGT) were reported to be slightly
higher in symptomatic males compared to asymptomatic
males, but both were higher than in females”". The only
histological difference identified were that symptomatic
female patients had more piecemeal necrosis of the liver
and that symptomatic males had more stainable copper
storage than asymptomatic males. Additionally, symp-
tomatic females were reported to have more pseudoxan-
thomatous transformation than asymptomatic females' .
AIH is a liver disease characterized by progressive in-
flammatory destruction of the parenchyma. AIH is as-
sociated with the presence of circulating autoantibodies,
hypergammaglobulinemia and interface hepatitis on liver
biopsy. AIH typically responds to immunosuppressive
therapy™.
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Table 1 Gender differences in primary biliary cirrhosis and

autoimmune hepatitis

Primary biliary cirrhosis Autoimmune hepatitis

M/F ratio 1:10 M/F ratio 1:3.6
Age at diagnosis higher in M than Normalization of ALT levels after 6
in F (62 yr vs 51 yr)

mo of corticosteroid treatment less
frequent in M than in F
M less symptomatic than F: Better long-term survival and
pruritus, abdominal pain/ outcome in M than F
discomfort and constitutional
symptoms more common in F;
jaundice and upper gastrointestinal
bleeding more common in M
Concomitant autoimmune Decrease of severity during second
diseases more common in F (sicca  trimester of pregnancy and possible
syndrome, sclerodermia, raynaud  onset of acute exacerbation after
phenomenon), whereas HCC delivery
complication are significantly
greater in M

ALP, ALT and gGT higher in M Haplotype HLA A1-B8-DR3 more

than F prevalent in M than in F
Piecemealnecrosis and Higher frequency of concurrent
pseudoxanthomatous immunological
trasformation greater in disorders at presentation in F than
symptomatic F M

HCC: Hepatocellular carcinoma; ALP: Alkaline phosphatase; ALT: Ala-
nine aminotransferase; gGT: Gamma-glutamy] transpeptidase; HLA: Hu-
man leukocyte antigen; F: Female; M: Male.

The etiology of AIH is unknown, though both ge-
netic and environmental factots ate involved. It has been
suggested that the major mechanism of liver damage is
the failure of impaired regulatory T cells to control im-
mune reactions against liver host antigens.

The actual prevalence of AIH is unknown. AIH is
characterized by a strong female preponderance (the fe-
male/male ratio is 3.6/ 1)[23]. There are no sex or gender
differences in age, form of clinical onset, frequency of
symptomatic concurrent autoimmune diseases, and hu-
man leukocyte antigen DR (HLA DR) status. Several
studies have demonstrated that in men, there is a minor
frequency of normalization of ALT stages after 6 mo
of corticosteroid treatment””. However, men with ATH
appeared to have better long-term survival and outcome
than women™. In females the severity of AIH was
found to be likely to decrease during the second trimester
of pregnancy, when estrogen was secreted at high levels
and acute ATH exacerbation occurred occur after deliv-
ery[%]. High levels of estrogen are associated with an anti
inflammatory milieu””. Moteover females have a higher
frequency of concurrent immunological disorders such
as Sicca Syndrome at presentation than males.

Al-Chalabi e a/” discovered the extended haplotype
HILA A1-B8-DR3 (associated with increased susceptibil-
ity to AIH) was more than twice as prevalent in male pa-
tients as in female patients with AIH.

Primary sclerosing cholangitis (PSC) is a chronic cho-
lestatic liver disease characterized by progressive inflam-
mation and fibrosis of the intrahepatic andextrahepatic
bile ducts. PSC leads to cholestasis, progressive hepatic
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fibrosis and eventually decompensated cirrhosis™*,

The incidence of PSC is 1:100000 people. Previous
studies have demonstrated that PSC is more prevalent in
men than in women (M > F 7:3). In the United States,
between 62% and 70% of patients are male””. The
pathogenesis of PSC is unclear because it is a complex
immune-mediated disease. The most accepted theory
is that in genetically predisposed individuals, the envi-
ronmental exposure to infective agents or toxins causes
persistent immunemediated damage to cholangiocytes
and progressive destruction of bile ducts, which leads to
chronic cholestasis”™ (Table 1).

ALCOHOLIC LIVER DISEASE

Alcohol abuse and its various complications are still wide-
spread in the Western world and represent a frequent
cause of hepatic damage. The excessive consumption of
alcohol may cause hepatic steatosis, alcoholic hepatitis
and cirrhosis. Alcoholic cirrhosis causes approximately
40% of deaths due to cirrhosis. The severe forms (hepa-
titis, cirrhosis) are associated with ingestion of 160 g/die
of alcohol in 10-20 years. The incidence of alcoholic liver
disease increases proportionally with the consumption of
alcohol. Several surveys have demonstrated that hepatic
damage develops faster in women than in men. In cases
of heavy drinkers with a weekly consumption of 336-492
g, the relative risk of developing cirrhosis was equivalent
to 7 in men and 17 in women. Furthermore, the relative
risk of developing alcoholic liver disease was 3.7 in men
and 7.3 in women. The factors regulating in the differ-
ences in susceptibility to alcoholic toxicity include the
following: age during alcohol consumption, the manner
of alcohol consumption (with or without meals) and the
nutritional state of the individual™.

Women are more susceptible to damage by alcohol
compared to men, which leads to more advanced liver
disease after alcohol consumption. It has been dem-
onstrated that, under the same conditions and assum-
ing equal doses of alcohol, women reach higher blood
ethanol concentrations than men. Moreover, it has
been shown that females have a major risk of hepatitis
progression toward cirrhosis after abstaining from alco-
hol™. The causes attributed to these gender differences
include differences in corporal structures, different enzy-
matic activity and hormonal differences.

The process of metabolizing a substance before it
enter the general circulation is called first-pass metabo-
lism. Various studies have demonstrated that an isoform
of gastric alcohol dehydrogenase (ADH) has a main role
in alcohol metabolism. ADH activity is linked to the first
passage of alcoholic metabolism and affects the blood
ethanol concentration. At the gastric level, this enzyme is
expressed less in women than in men. Furthermore, in a
female heavy drinker the activity of gastric ADH is practi-
cally absent. Therefore in women a majority of alcohol
reaches the liver directly, which may worsen the hepatic
damages. Moreover, this situation contributes to the gen-
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Table 2 Gender differences in alcoholic liver disease

Table 3 Non alcoholic fatty liver disease and gender

Alcoholic liver disease (hepatic steatosis, alcoholic hepatitis, cirrhosis)

Hepatic damage faster in F than M

RR to develop cirrhosis 7 in M and 17 in F

RR to develop alcoholic liver disease 3, 7inM and 7, 3 in F

F more susceptible to damage by alcohol than M: higher haematic
concentration of ethanol in F than M: major risk of hepatitis progression
toward cirrohosis (even after an absentation from alcohol) in F than M
Differences in corporal structures (content of corporal water), different
enzymatic activity (gastric ADH expression and activity), hormonal

ADH: Alcohol dehydrogenase; RR: Relative risk; F: Female; M: Male.

der differences in blood concentration and contributes to
unfavorable consequences of alcohol use®™. Another cause
of female vulnerability to the toxic effects of alcohol is the
reduced content of corporal water compared to men®™.

The quantity of absorbed alcohol in the gastro-intesti-
nal system that is not metabolized by first-pass metabolism
enters the circulation. Hepatic ADH, in the liver is princi-
pally involved in alcohol metabolism. The amount of alco-
hol distributed in water determines the blood alcohol con-
centration. A woman has proportionally more fat and less
water than a man. Thus, when the ethanol is distributed
in water, the distribution volume in women is less, and the
blood alcohol concentration is higher®™” (Table 2).

NAFLD

NAFLD is the most common chronic liver disease in the
Western world, affecting 30% of the general adult popu-
lation"”

NAFLD is an umbrella term for a group of diseases
defined by a hepatic fat infiltration in > 5% of hepato-
cytes, in the absence of excessive alcohol intake. Exces-
sive alcohol intake is defined as two standard drinks
(20 g ethanol) daily for men and one standard drink (10
¢ ethanol) daily for women. NAFLD encompasses a
histological spectrum ranging from simple steatosis to
non-alcoholic steatohepatitis (NASH). NASH is defined
by steatosis, hepatocellular damage and lobular inflam-
mation”” in individuals without significant alcohol con-
sumption and without viral, congenital and autoimmune
liver disease markets.

There have been parallel increases in the prevalence
rates of obesity, metabolic syndrome (hyperglycemia,
visceral obesity, hyperlipidemia and hypertension) and
NASH. As a result, NASH is considered part of meta-
bolic syndrome (MS)™*".

MS is a risk factor for cardiovascular disease, its high
prevalence has substantially affected public health in
recent years". There are varied reports in the literature
regarding the gender distribution of MS. Several studies
report a higher incidence of MS in men than in women,
but the reverse has been shown in other reportsm].

The prevalence of MS increases with the general
population age and is more likely in black and Hispanic fe-
male populations. The accumulation of hepatic and intra-
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NAFLD and gender

Prevalence of MS in men and postmenopausal women
Prevalence of visceral adiposity in men and postmenopausal woman
Possible link to MS, NAFLD and sex hormones

NAFLD: Non alcoholic fatty liver disease; MS: Metabolic syndrome.

abdominal fat is not different between genders, but it is
affected by dietary lipid consumption®. Abdominal fat
tissue is a major soutrce of free fatty acids and cytokines
for the liver, and fat favors the early development of insu-
lin resistance, dyslipidemia, and high blood pressure. The
more favorable fat distribution in women demonstrates
why women need a higher degree of adiposity to achieve
the same metabolic disturbances as men"". Subcutaneous
and visceral adipose tissue types are influenced by age and
gender. Visceral adipose tissue accumulates more rapidly
with age and weight gain in males and postmenopausal
females than in younger females'™. The difference in the
prevalence of MS between genders has been attributed
to sex hormones. Many studies have shown that, in post-
menopausal women, the distribution of their body fat
changes toward visceral adipositym. There are differing
reports in the literature concerning the association between
gender and NASH. In some studies, NAFLD was approxi-
mately 1.5 times more prevalent in females than in males
whereas other studies did not find any differences, between
genders[47’48]. Some studies have shown that female gender
is a risk factor for NASH™, but the current literature pres-
ents conflicting results™', A population, based study sug-
gested that endogenous estrogens have a protective role in
NASH, which may explain why the prevalence of NAFLD
increases in women over 50 years of age[szl.

In conclusion, although the sex differences for fibro-
sis in patients with NAFLD are not identical, women
tend develop more, severe fibrosis than men®.

The possible roles of estrogen in hepatic lipid metabo-
lism and fibrosis require further investigation (Table 3).

CHRONIC HEPATITIS B

Protracted treatment with nucleoside/nucleotide analogs
has allowed for an improvement in the natural history of
patients with chronic hepatitis B virus (HBV) infection
by reducing the incidence of cirrhosis and the risk of
complications™

Over the last 20 years, the epidemiology of HBV in-
fection has radically changed in Italy. At the beginning of
the 1980, the rate of HBV surface antigen (HBsAg) cat-
riers in the general population was 3.5%, with peaks of
10% in Southern Italy. The current prevalence of carriers
is less than 1%, and a majority of carriers are male. The
rate of chronic infection is higher in men due to vatious
factors and is widely studied. However, it is unclear if
men are exposed to more viruses, or if men have a less
effective immune response in eliminating, The major re-
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Table 4 Chronic hepatitis B during the pregnancy and in the

foetus

HBYV and pregnancy HBYV and foetus

Not increases in maternal morbidity =~ Maternal transmission: during
and mortality delivery, intrauterine transmission
and during breast feeding
Discordant results from pre-

delivery administration of Ig and

Increases HBV viremia levels and
indices of cytolysis
anti-HBV vaccine
Administration of Ig and anti-HBV
vaccine during delivery to prevent
infection
Ongoing studies about the use

Development of complications
(gestational diabetes, pre-delivery
hemorrhages and pre-term delivery)
Higher frequency of gestational

of antiviral medicines in F with
high HBV DNA levels to prevent
perinataltransmission (telbivudine

hypertension, detachment

of placenta and peripartum
hemorrhages in F with cirrhosis
Cases of peripartum hepatitis with  and tenofovir in FDA pregnancy

hepatic decompensation category B)

HBV: Hepatitis B virus; F: Female; FDA: Food and drug administration.

sponse in females is caused by the position of genes that
determine the response, and most genes are located on
the X chromosome. This hypothesis is supported by the
female prevalence of two hepatic autoimmune diseases
(PBC and ATH)".

HBV does not meaningfully influence fertility, and
contracting an HBV infection during a pregnancy does
not increase morbidity or maternal or fetal mortality™.
Recent evidences demonstrated that the increased produc-
tion of proinflammatory cytokines in chronic hepatitis B
(CHB)®" may participate in the development of compli-
cations, such as gestational diabetes, pre-delivery hemoz-
thages and pre-term delivery””. Furthermore, in women
with citrhosis, thete are higher frequencies of gestational
hypertension, detachment of the placenta and peripartum
hemorrhages compared with healthy controls®".

A normal pregnancy with elevated levels of cortico-
steroid hormones and estrogens cause increased HBV
viremia! and indices of cytolysis (ALT)"™. Moreover,
there have been reported cases of peripartum hepatitis
with hepatic decompensation”.

The main cause of fetal HBV transmission is delivery.
The administration of immunoglobulins and an anti-
HBV vaccine may prevent fetal infection in more than
85% of children born from HbsAg" mothers™,

Other minor causes of fetal and maternal transmis-
sion are intrauterine transmission (HBV may reach the
foetus through the placental bartier)® and transmission
during breastfeeding through virus ingestion or by con-
tact with maternal cutaneous lesions®’.

There is currently no clear therapeutic way to prevent
viral transmission. The pre-delivery administration of
immunoglobulins has yelded discordant results®"*, The
study by Beasley demonstrated that the administration of
immunoglobulins and anti-HBV vaccine within 12 h of
birth reduced the frequency of HBV transmission from
> 90% to 26%".

A 2012 Chinese study evaluated the safety of lamivu-

(49

Boiovidengs  WIG | www.wjgnet.com

Durazzo M et a/. Liver in gender medicine

dine treatment for CHB in carly pregnancy. This study
examined 92 chronic HBV-infected pregnant women who
received Lamivudine treatment either before pregnancy
or in eatly pregnancy. These women were not co-infected
with hepatitis C virus (HCV), human immunodeficiency
virus, cytomegalovirus, or other viruses. Adverse events
were observed throughout the entire pregnancy and peri-
natal period. The effectiveness of Lamivudine treatment
for blocking mother-to-infant transmission of HBV
was evaluated. The data showed that treatment does not
increase complications or adverse events for mothers
during pregnancy or the perinatal period. Additionaly
no effect on fertilization or embryonic development was
found, and treatment did not increase the incidence of
congenital abnormalities in infants. Furthermore, treat-
ment reduced the rate of mother-to-infant transmis-
sion'!. A case report described a treatment with triple
therapy of Lamivudine, IFN-beta and prednisolone for
acute CHB exacerbation during pregnancy. The patient’s
liver enzymes became elevated toward the end of the first
trimester. She was treated with Lamivudine, interferon-
beta and steroids eatly in the second trimester. After this
treatment, aminotransferase levels rapidly normalized
within 4 wk. Lamivudine was continued until delivery.
Spontaneous delivery occurred at 37 wk of gestation.
There were not congenital anomalies, and fetal growth
was found to be within normal reference ranges. This
case report suggests that combination therapy with Lami-
vudine, IFN-beta and steroids may be safely used during
the pregnancy to treat acute CHB exacerbations'”

There are ongoing studies investigating the use of an-
tiviral medicines in mothers with high HBV DNA levels.
Currently the oral antivirals Telbivudine and Tenofovir are
classified as “FDA pregnancy category B”, whereas the
other antiviral drugs are classified as “FDA pregnancy cat-
egory C”. A recent meta-analysis has demonstrated that
Telbivudine use in the final stage of pregnancy is effective
in preventing or reducing the perinatal transmission of
HBYV without meaningful or unfavorable effects'”.

Some data exist on tenofovir in HIV positive women
but these data show increased congenital malformations,
kidney damage and distorted bone metabolism after ex-
posure in uterd” " (Table 4).

CHRONIC HEPATITIS C

HCYV infection affects 130-170 million people worldwide,
which is approximately 2%-3% of the global population.
HCV is transmitted by parenteral routes, such as contact
with infected blood or contaminated materials and intra-
venous drugs injection with contaminated syringes. Al-
though less common, HCV can be transmitted by sexual
contact with HCV-positive partners'™"*. Several studies
have demonstrated that women have less altered hepatic
biochemical tests and lower rates of fibrosis progres-
sion”””. These findings are related to the protective ef-
fects of estrogens, which possess anti-fibrotic properties.
Estrogens have a role in blocking fibrogenesis in hepatic
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Table 5 Chronic hepatitis C during the pregnancy

Chronic hepatis C and pregnancy

Frequency of HCV MTCT is 5%-10%
Vertical transmission is the main cause of pediatric HCV infection
Factors increasing the risk of MTCT: amniocentesis, extended breaking

of the membranes and elevated viral load in the mother

High levels of ALT in the previous year of pregnancy are linked with a
higher MTCT rate

Signs of viral replications is maternal peripheral blood mononuclear
cells enhance vertical transmission

Breastfeeding and genotype are not linked to MTCT

Presence of HCV-HIV coinfection increases MTCT by 90%

The administration of combined therapy is not recommended during

pregnancy

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; MTCT:
Mother-to-child transmission; ALT: Alanine aminotransferase.

stellate cells. The notion that estrogen has a protective
role was also suggested by evidence that menopause is
associated with an accelerated rate of fibrotic progres-
sion and that hormone replacement therapy may mini-
mize this effect”. The prevalence of HCV infection in
pregnancy is 1%-2% in the United States and Europe.
However, the rate of HCV, may reach up to 8% in some
developing countries'”.

The documented mother-to-child transmission
(MTCT) frequency of HCV is approximately 5%-10%"",
The pathogenesis of HCV infection during pregnancy
and the neonatal period is unclear. During pregnancy,
the maternal immune system has to develop tolerance to
paternal antigenes to avoid any maternal immune assault
towards the fetus. Simultaneously, the maternal immune
system most maintain active immunity against HCV to
protect both the mother and fetus from infection. This
modulation of immune responses is different during each
stage of pregnancy”. In developed countries, vertical
transmission is the main cause of pediatric-HCV infec-
tion. The factors demonstrated to increase the risk of
maternal-fetal transmission include amniocentesis, the
extended breaking of the membranes and an elevated
viral load in the mother. Perinatal HCV transmission is
confined to women with HCV RNA present in their pe-
ripheral blood; it occurs rarely if the maternal viral load
less than 1 X 10° HCV RNA copies/mL of plasmalgzj.

Two previous studies demonstrated that high levels
of ALT in the year before pregnancy are linked with a
higher maternal-fetal transmission rate. These results sug-
gest that the development of liver damage in the mother
is a potential risk factor for HCV transmission®”. Fur-
thermore, HCV infection and signs of viral replications
in maternal peripheral blood mononuclear cells enhances
the rate of transmission™”. Conversely, breastfeeding and
genotype do not appear to be linked to MTCT. A co-
infection with HIV virus inctreases the likelihood of ver-
tical HCV transmission by 90%'™,

The standard treatment for chronic HCV infection
is PEG-IFNa and ribavirin. Recently, the new antiviral
medicines, telaprevir and boceprevir were introduced™.
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Little is known about the real impact of gender on
the characteristics that influence the efficacy and safety
of chronic hepatitis C treatment. Several studies have
demonstrated that the sustained virological response
(SVR) rate is significantly higher in women than in men,
and fertile women with normal genotypes have a 100%
chance of obtaining a SVR. Therefore the administration
of combined therapy is not recommended during preg-

nancy (Pregnancy FDA Category X) 7 (Table 5).

GENETIC HEMOCHROMATOSIS

Iron is essential for many biological processes. The liver
stores for iron and plays a central role in the regulation of
iron metabolism. The liver synthesizes hepcidin, which is
the most important iron regulatory hormone.

Genetic hemochromatosis (GH) is a prevalent iron
overload disorder in the Caucasian population. Patients
absorb more than the normal amount of iron through
the intestine. Hepcidin is suggested to play a role in GH.

GH is not a gender-specific disease, but more males
than females present symptoms and signs of hemochro-
matosis. Men accumulate more iron and have a higher
incidence of liver injurylss].

The clinical symptoms of GH usually begin later in
women than in men, likely due to the physiological loss
of blood in women of childbearing age. The gender-
specific regulation of hepcidin synthesis in the liver may
play a role in this processlggj.

The prevalence of the disease in men may also be
explained by the greater extrahepatic deposition of iron
in males than in females. In addition, serum ferritin lev-
els are higher in men, which suggests that men have in-
creased extrahepatic iron stores” .

In conclusion, the clinical presentation of GH is dif-
ferent between women and men. Both liver disease and
diabetes are more common in men, whereas fatigue and
pigmentation are more common in women”"

CONCLUSION

Gender medicine focuses the scientific community on
understanding and analyzing clinical, patho-physiological,
prevention and treatment differences in diseases that are
equally represented in men and women!".

Current medicine offers better care through the study
of disease mechanisms based on gender differences by
focusing on the incidence and etiology of pathologies,
clinical objectives and the response to therapiesmj. The
purpose of this fields is to provide the best treatment
possible to each individual man and woman based on sci-
entific evidences.

This review emphasized the importance of appropri-
ate management of viral chronic hepatitis during preg-
nancy and summarized the strategies to prevent mother-
to-child transmission. The review focused on maternal
and perinatal outcomes, disease progression and its
impact on pregnancy, and the new effective drugs used to
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prevent maternal infection transmission without signifi-
cant adverse effects or complications. In summary, based
on the current literature, we recommend close maternal-
fetal monitoring during pregnancy and suggest that all
available treatment options be considered in the future.
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Abstract

Alcohol abuse is the leading cause of liver related
morbidity and mortality. Chronic or binge alcohol drink-
ing causes hepatic steatosis which can develop to
steatohepatitis, cirrhosis and ultimately hepatocellular
carcinoma. The pathogenesis of alcoholic liver disease
(ALD) is poorly characterized, however several recent
studies point to a major role of mitochondria in this
process. Mitochondria play a crucial role in cellular
energy metabolism and in reactive species formation.
Alcohol treatment causes mitochondrial DNA damage,
lipid accumulation and oxidative stress. Studies in both
animal models and in humans showed that alcohol
administration causes changes in the mitochondrial
morphology and function suggesting a role of these
changes in the pathogenesis of ALD. We review recent
findings on mechanisms by which alcohol negatively
impacts mitochondrial biogenesis and function and
we will discuss the specific intracellular pathways af-
fected by alcohol consumption. Interestingly, recent
findings indicate that a large number of mitochondrial
proteins are acetylated and that mitochondrial proteins
acetylation and sirtuins are modulated by alcohol. Un-
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derstanding the mechanisms behind alcohol mediated
impaired mitochondrial biogenesis and function may
help identify potential therapeutic targets for treating
ALD in humans.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Liver; Alcoholic liver disease; Mitochondria;
Alcohol; Sirtuins

Core tip: Excessive chronic or binge alcohol consump-
tion causes alcoholic liver disease (ALD) with a spec-
trum ranging from simple steatosis to steatohepatitis
and cirrhosis. One of the characteristics of ALD is the
alteration in mitochondrial structure and function. This
review summarizes some of the recent findings of the
molecular mechanisms involved in the modulation of
mitochondrial function and their implication in the de-
velopment of ALD.

Nassir F, Ibdah JA. Role of mitochondria in alcoholic liver
disease. World J Gastroenterol 2014; 20(9): 2136-2142 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i19/2136.
htm DOTI: http://dx.doi.org/10.3748/wjg.v20.19.2136

INTRODUCTION

Alcohol is widely consumed in most parts of the
world and has long been associated with various liver
diseases accounting for about 4% of all deaths!", The
2011 global status report on alcohol and health (World
Health Organization) indicated that 4.5% of the global
burden of disease and injury was attributed to alcohol
with 7.4% for men and 1.4% for women. In the United
States, 50% of the adult population (aged 18 years and
over) consumed alcohol on regular basis in 2011 (Sum-
mary Health Statistics for United States Adults: National
Health Interview Survey, 2011). Excessive chronic or
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binge (acute large doses) of alcohol consumption causes
hepatic steatosis, which can progress, if drinking con-
tinues, to more advanced form of alcoholic liver disease
(ALD) such as alcoholic steatohepatitis (SH), hepatic
fibrosis and cirrhosis and ultimately hepatocellular car-
cinoma”™™. The pathogenesis of ALD is still poorly un-
derstood making the progress in finding treatment slow.
One of the characteristics of ALD both in animal mod-
els and in patients is the perturbation in the morphology
and function of mitochondria. Abnormal mitochondrial
and cellular redox homeostasis has been documented
in alcoholic steatohepatitis and results in alterations of
multiple redox-sensitive signaling cascades”. We will
review current understandings of the role of alcohol
metabolism in the pathogenesis of liver disease and the
recent mechanisms involved in ALD with special focus
on the mitochondrial changes associated with alcohol
consumption and their potential implications in ALD.

SPECTRUM OF ALCOHOLIC LIVER
DISEASE

ALD is a multistage disease consisting of hepatic steato-

sis (fatty liver), alcoholic hepatitis, and chronic hepatitis
(inflammation) with hepatic fibrosis (development of
scar tissue) or cirthosis™®. The different stages of ALD
are not mutually exclusive and may be present simulta-
neously in certain individual[7]; alcoholic cirrhosis can
develop without precedent of hepatic steatosis or alco-
holic hepatitis. Hepatic steatosis is the earliest response
to alcohol consumption and develops in 90% of heavy
alcohol drinkers®", Simple hepatic steatosis is usually
asymptomatic, reversible and resolve after 4-6 wk of
abstinence' . With continuous alcohol intake, 20%-30%
of patients with steatosis develop alcoholic hepatitis
and 16% of patients with steatohepatitis will develop
cirrhosis">"”. Fibrosis of the liver, a consequence of
inflammation, infection or injury, results from excessive
accumulation of collagen and other extracellular matrix
proteins in the liver which impedes normal function of
the liver leading to the development of cirrhosis. Alco-
hol associated cirrhosis is a consequence of sustained
alcohol intake and is charactetized by both steatosis and
hepatitis with fibrosis'". Alcoholic cirthosis is irreversible
and is among the top ten causes of death worldwide.
According to the National Institute on Alcohol Abuse
and Alcoholism, liver cirthosis is the 12" leading cause
of death in the United States with 29925 death in 2010,
about 50% of which are alcohol related"?. Liver cir-
thosis predisposes the HCC, it is seen in about 80% of
HCC patients"™'". In the US, HCC is the most rapidly
growing cause of cancer-related mortality, particularly
among men ages 40 to 60 years' 'Y,

Although hepatic steatosis is found in 90% of heavy
alcohol drinkers, the severe forms of ALD such as fi-
brosis and cirrhosis develop only in 30% of individuals
with heavy alcohol intake suggesting that other factors
are involved in the progression of the disease. The pos-
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sible risk factors that can affect the development of liver
injury include the dose" duration™”, type of alcohol
consumed"", drinking patternsm], gender“’z‘ﬂ, ethnic-
it}f[4’24], and associated risk factors, including obesity[zs’zm

. 27,28
and genetic factors”?

METABOLISM OF ALCOHOL IN THE
LIVER

When consumed, 90% of ingested alcohol is absorbed in
the upper GI tract and diffuse throughout the body™*".
Studies both in humans”™? and animals™ > have shown
that both short and long term ethanol treatment can dis-
rupt the epithelial barrier of the GI tract which results in
increased intestinal permeability and enhanced movement
of luminal antigens such as bacteria and endotoxins into
the portal circulation””. This can lead to Kupffer cells
activation in the liver and cytokine release which may
consequently results in liver injury and ALDP* The
liver is the main organ responsible for metabolizing in-
gested alcohol; therefore it is more susceptible to alco-
hol related injury. Alcohol is metabolized in the liver by
both oxidative and non-oxidative pathways. Briefly, the
oxidative pathways of alcohol metabolism involve three
enzymes, alcohol dehydrogenase (ADH) in the cytosol,
cytochrome P450 2E1 (CYP2EL1) in the peroxisomes
and catalase in the microsomes™". ADH is present in
the cytosol where it converts alcohol to acetaldehyde
and other metabolites. In this reaction nicotinamide ad-
enine dinucleotide (NAD") is reduced by two electrons
to NADH generating a highly reduced environment in
hepatocytes. The increased NADH/NAD ratio favors
hepatic triglyceride accumulation. In addition, excess
NADH may promote fatty acid synthesis. Acetaldehyde
inhibits protein synthesis and may be linked to tumor
development™. Cytochrome P450 enzymes (Cyp2El,
1A2, and 3A4) present mainly in microsomes and endo-
plasmic reticulum also contribute to alcohol metabolism
into acetaldehyde at high concentration of ethanol.
Catalase in the peroxisomal pathway requires hydrogen
peroxidase (H202) to oxidize alcohol into acetaldehyde
and water. Acetaldehyde is a highly reactive and toxic
byproduct to hepatocytes that may contribute to tis-
sue damage because it forms a variety of protein and
DNA adducts that promote glutathione depletion, lipid
peroxidation, and mitochondrial damagem’m. It also
contributes to the changes in the redox state of the cell
and the formation of reactive oxygen species (ROS)M,
The acetaldehyde produced from alcohol oxidation is
rapidly metabolized into NADH and acetate by alde-
hyde dehydrogenase (ALDH) in mitochondria. The
product of acetaldehyde breakdown is rapidly removed
from the liver and is metabolized into COz2 vzz the TCA
cycle in the heart, skeletal muscle and the brain. Genetic
variations in ADH and ALDH influence the susceptibil-
ity of developing alcoholism and alcohol related injury.
The nonoxidative pathway is minor in normal condi-
tions and leads to the formation of fatty acid ethyl estet
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(FAEE) and phosphatidyl ethanol (PEth). The products
of the nonoxidative pathway have pathological and di-
agnostic significance. Both PEth and FAEE are poorly
metabolized; they accumulate in the liver and interfere
with cell signaling. Because of their intermediate half-
life and tendency to accumulate, non-oxidative ethanol
metabolites can be used as biomatkers for alcohol con-
sumptionml. A second nonoxidative pathway occurs at
high circulating levels of alcohol and involves phospho-
lipase D (PLD), which converts phosphatidylcholine
to generate phosphatidic acid (PA) and subsequently
phosphatidyl ethanol™”. Phosphatidyl ethanol is poorly
metabolized and its effects on the cell are unknown,
however it might interfere with the production of PA

and disrupt cell signaling™”.

ROLE OF MITOCHONDRIA IN LIVER
PHYSIOLOGY

Mitochondrial structure

Mitochondria are organelles with double membrane
structure. The outer membrane delimits the intermedi-
ate space while the inner membrane delimits the mito-
chondrial matrix. The structure of the inner membrane
is highly complex and consists of the complexes of the
electron transport system, the ATP synthetase complex,
and transport proteins. The matrix contains a highly
concentrated mixture of enzymes involved in the oxida-
tion of pyruvate and fatty acids (FAs) in TCA cycle. Eu-
karyotic cells contain nuclear and mitochondrial DNA
(mtDNA) genomes sequestered into distinct subcellular
compartments. Human mtDNA is found in the matrix
and consists of 13 structural genes that encode subunits
essential for respiratory complexes I, I, IV, and V
of the mitochondrial respiratory chain involved in the
generation of ATP. Each mitochondrion contains 5-10
copies of mtDNA and each cell contains a high copy
number of mtDNA. It is considered that the number
of normal mtDNA copies must fall below 20%-40%
of basal levels to induce mitochondrial dysfunction and
the adverse effects. The mitochondrial matrix possesses
an incomplete mitochondrial DNA repair system, and is
highly sensitive to ROS-induced oxidative damage due
to its proximity to the inner mitochondrial membrane
where most of the ROS are produced ™,

Mitochondrial function

Mitochondria ate the power producer of the cell which
plays a central role in the generation of energy from
nutrient oxidation. Hepatocytes are rich in mitochon-
dria; each hepatocyte contains about 800 mitochondtia
occupying about 18% of the entire cell volume. Mito-
chondria have a unique role in the liver compared to
other organs as they participate in glucose, lipids and
protein metabolism. Mitochondria play an essential role
in the cell as they provide the majority of cellular energy
in the form of ATP; generate and regulate ROS; buffer
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cytosolic Ca®" and regulate apoptosis. Carbohydrates and
fats are oxidized in the mitochondtia to produce energy.
Glucose is converted into pyruvate within the cytosol,
transported to the mitochondria where it is converted
to acetyl-CoA. Acetyl-CoA undergoes TCA cycle result-
ing in COz, water and energy. FAs in the liver originate
from the diet, adipose tissue lipolysis, or hydrolysis of
intracellular stores or de novo lipogenesis. These free FAs
(FFAs) are metabolized through oxidation, ketogenesis
or esterification into triglyceride. Together with the mus-
cle, the liver is the main site for mitochondrial fatty acid
oxidation. The oxidation of FFAs occurs mainly in the
mitochondria of hepatocytes where FFAs are converted
by carnitine palmitoyltransferase-1 (CPT1) into acyl-
carnitine which is transported into the mitochondrial
matrix. FFAs oxidation into acetyl-coenzyme A (acetyl-
CoA) and its subsequent oxidation by the TCA cycle
generates reduced NADH and reduced flavine-adenin
dinucleotide (FADH2). NADH and FADH?: are the elec-
tron donor and transfer the hydrogen/electron to an
oxygen molecule, via a vatiety of redox components in
complex [ through IV in the mitochondrial respiratory
chain located in the inner mitochondrial membrane™.
The flow of electron in the respiratory chain is coupled
with pumping of protons from the mitochondrial ma-
trix into the inter-membrane space, thus creating an
electrochemical gradient across the membrane™. When
ATP is low, protons re-enter the matrix trough ATP
synthase and the energy released initiates ATP synthe-
sis*. Although most of the electrons end up in watet,
the insulation of complexes | and IIl of the respiratory
chain from oxygen in not perfect[m. Excessive electron
flow to the respiratory chain results in accumulation and
leakage of electrons at these two sites which react with
oxygen to produce ROS"". About 1%-2% of mito-
chondrial oxygen consumption results in ROS produc-
tion under normal condition™, 90% of cellular ROS
are produced in the mitochondria®!. Mitochondria play
an important role in ROS homeostasis as they are the
main site for ROS generation but can also be a target
for excessive ROS exposure. The ROS production oc-
curs through reduction of oxygen to superoxide (0%
by complex I and Il of the electron transfer chain
(ETC). Under normal conditions Mn-SOD located in
the matrix of mitochondria converts the O” to H20:
which is subsequently reduced to H2O. ROS produc-
tion in mitochondria is upregulated in conditions where
increased NADH and increased membrane potential is
not coupled with an increase in ATP production. Exces-
sive production of ROS exceeding the cell’s antioxidant
defenses can damage components of the cells such as
lipids, proteins and nucleic acids (particularly mtDNA)
leading to oxidative stress and ultimately apoptosis. This
can be observed in conditions of increased oxidation of
FFAs such as in NASH™ and when levels of NADH
are augmented due to alcohol metabolism in alcoholic
steatohepatitisw.
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Recent studies have suggested that chronic ethanol ad-
ministration causes changes in the mitochondrial mot-
phology and function in both animal models and hu-
mans. The mitochondtia are often enlarged and altered
and these structural changes are associated with the
development of fatty liver in the rat® suggesting that
chronic ethanol treatment affects hepatic energy me-
tabolism. With the exception of one study that showed
an increase in mitochondrial respiration in mice®™, most
studies in rats and in humans have shown altered mito-
chonderial respiration. The mechanism behind the species
difference between the rat and mouse is unknown. He-
patocytes isolated from mice fed ethanol containing diet
showed lower fatty acid oxidation and increased lipid
synthesis. In the rat, chronic ethanol administration al-
ters mitochondrial oxidative phosphorylation in the liver
by inhibiting the synthesis of proteins of the respiratory
complexes®™. Tower oxidation capacity in combination
of the reducing environment induced by ethanol creates
conditions of O” formation and ROS production. As
mentioned above, mtDNA, which encodes the subunits
of the electron transport chain and the ATP synthase, is
vulnerable to ROS due its proximity to the source (the
inner membrane) of cellular ROS. Damage of mtDNA
will in turn impair cellular energy metabolism and en-
hances ROS formation. Strong evidence indicates that
oxidative stress and dysregulation of redox-sensitive
signaling pathways are central to the pathobiology of
ALD. It has been shown that a single dose of ethanol
was able to damage mtDNA and cause cell toxicity™.
Other abnormalities that have been described as a result
of ethanol treatment are decreases in ATP levels. Oxi-
dative stress can cause cellular apoptosis viz both mito-
chondria-independent (involving death receptor of the
tumor necrosis factor (TNF) receptor gene family) and
mitochondria-dependent (caused by intracellular stresses
such DNA damage and ROS) pathways. Hepatocyte
apoptosis has been observed in patients with alcoholic
hepatitis™. One of the mechanisms proposed to explain
alcohol-induced hepatocyte apoptosis is the release of
cytochrome C in the cytosol where it promotes caspases
activation. The role of alcohol in ROS production, the
induction of the mitochondrial cell death pathway and
the possible mechanisms involved have been recently
discussed in"”!.

Acetylation is an important posttranslational modifi-
cation that regulates proteins. Recently, sirtuins, a family
of NAD" dependent deacetylases have been identified.
In mammals, sirtuins are a family of seven proteins
(SIRT1-7) that have been shown to be involved in lon-
gevity, DNA repair and the control of metabolic en-
zymes. Three sirtuins SITR3, SIRT4 and SIRT5 are lo-
calized within the mitochondrial matrix™. Interestingly,
SIRT3-deficient mice show increased mitochondrial pro-
tein hyperacetylation but not SIRT4 and SIRT5 deficient
mice suggesting that SIRT3 is a major mitochondrial
deacetylase™ ™. Chronic alcohol consumption induces a
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global acetylation of proteins mainly mitochondrial pro-
teins indicating a role of the acetylation of mitochondri-
al proteins in mitochondrial biology. At least 20% of mi-
tochondrial proteins are acetylated including proteins of
TCA cycle, oxidative phosphorylation, B-oxidation and
the urea cyclem. Therefore, Sirtuins have been impli-
cated in the regulation of mitochondtial number, turn-
over and activity and have been proposed to play a role
in the pathogenesis of alcoholic liver disease™. Chronic
ethanol administration impairs hepatic lipid metabolism
pathways largely by modulating SIRT1 (a nuclear sirtuin)
and causes development of fatty liver. Ethanol decreases
hepatic SIRT1 in rodent models suggesting a role of
ethanol and SIRT1 in the regulation of mitochon-
drial energy metabolism and mitochondrial biogenesis.
SIRT1 regulates lipid metabolism by deacetylating the
sterol regulatory element-binding protein-1c (SREB-1c)
and PPARy coactivator 1o (PGC-1a); thus it increases
fatty acid synthesis and decreases fatty acid (3-oxidation
(deacetylation of PGC-1q increases its activity; deacety-
lation of SREBP-1c decreases its activity). In addition,
evidence suggests that mitochondrial biogenesis is regu-
lated at least in part by PGC-1a suggesting that ethanol
mediated reduced deacetylation of PGC-1ow would in-
hibit mitochondrial biogenesis'®’. More recent studies,
have demonstrated that chronic alcohol treatment spe-
cifically induced a small noncoding micro RNA (miRINA)
(miR-217) in AML-12 hepatocytes and in mouse liv-
ers'”. Ethanol induced expression of miR-217 reduced
SIRT1 expression which in turn results in an increase in
lipogenic enzymes [acetyl-CoA carboxylase (ACC), fatty
acid synthase (FAS), and stearoyl-coenzyme A desatu-
rase 1 (SCD1)] and a decrease in genes involved in fatty
acid oxidation [PPARq, PGC-1a, and acyl-CoA oxidase
(A0X)]*. In addition miR-217 modulation of STRT1
has been recently shown to regulate lipin-1 which is a
crucial regulator of hepatic lipid metabolism®. Lipin-1
deficiency aggravated the defect in fatty acid oxidation
and lipoprotein secretion induced by alcohol in mice fed
the modified Lieber-DeCarli ethanol-containing low-fat
diets for 4 wk'* suggesting a role of this microRNA in
the development of ALD. It is not known how alcohol
induces miR-217 but it is suggested that the products of
ethanol metabolism, acetaldehyde and acetate, may play
a role in this processm

Recent studies suggest that sirtuins can modulate
ROS levels. As mentioned above, mitochondria are
involved in the generation of ROS as well as in the de-
fense against ROS. In addition, mitochondria are them-
selves target for ROS damage and cell fate. Mitochon-
drial SIRT3 deacetylates and activates enzymes involved
in maintaining physiological ROS levels. SIRT3 reduces
ROS species levels through deacetylation and activa-
tion of the antioxidant enzyme superoxide dismutase
(SOD) ™, STRT1 is essential for ROS-mediated apop-
tosis in embryonic stem cells by facilitating mitochondri-
al localization of p53[(’5]. SIRT1 also inactivates the P65
subunit of NF-kB through direct acetylation, NF-kB
inhibition suppresses the inducible nitric oxide synthase
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(iNOS) and nitrous acid production and thus may lower
cellular ROS levels'®.

Together the recent findings point to a major role of
mitochondria in alcohol induced hepatic fat accumulation.
Alcohol consumption results in inhibition of PPAR-a
and stimulation of SREBP-1C and the transformation of
liver from an oxidizing to a fat-storing organ. Alcohol also
induces reactive oxygen species levels and causes liver in-
jury and apoptosis in part by regulating sirtuins levels and
enzymes of the antioxidant defense.

CONCLUSION

Alcohol has deleterious effects on liver function. Ethanol
and its metabolites destroy the liver over time. Mito-

chondria play an important role both in hepatic alcohol
metabolism and in the bioenergetics of the hepatocyte.
In this review we have outline the mechanisms by which
alcohol negatively impacts mitochondrial function. The
observed changes in mitochondrial function and the al-
teration in redox status and their implication in alcohol
induced hepatic steatosis and the progression of liver dis-
ease have been discussed. We also reviewed some of the
recent pathways involved in the development of ALD.
Future research into the mechanism by which alcohol
modulates mitochondrial biogenesis and function are
critical for the development of biomatkers and the iden-
tification of potential therapeutic targets for the preven-
tion and treatment of human ALD.
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Abstract

Alcoholism results in about 2.5 million deaths annually
worldwide, representing 4% of all mortality. Although al-
coholism is associated with more than 60 diseases, most
mortality from alcoholism results from alcoholic liver
disease (ALD). ALD includes alcoholic steatosis, alcoholic
hepatitis, and alcoholic cirrhosis, in order of increasing
severity. Important scoring systems of ALD severity in-
clude: Child-Pugh, a semi-quantitative scoring system
useful to roughly characterize clinical severity; model for
end-stage liver disease, a quantitative, objective scor-
ing system used for prognostication and prioritization
for liver transplantation; and discriminant function, used
to determine whether to administer corticosteroids for
alcoholic hepatitis. Abstinence is the cornerstone of ALD
therapy. Psychotherapies, including twelve-step facilita-
tion therapy, cognitive-behavioral therapy, and motiva-
tional enhancement therapy, help support abstinence.
Disulfiram decreases alcohol consumption by causing
unpleasant sensations after drinking alcohol from accu-
mulation of acetaldehyde in serum, but disulfiram can be
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hepatotoxic. Adjunctive pharmacotherapies to reduce al-
cohol consumption include naltrexone, acamprosate, and
baclofen. Nutritional therapy helps reverse muscle wast-
ing, weight loss, vitamin deficiencies, and trace element
deficiencies associated with ALD. Although reduced pro-
tein intake was previously recommended for advanced
ALD to prevent hepatic encephalopathy, a diet containing
1.2-1.5 g of protein/kg per day is currently recommend-
ed to prevent muscle wasting. Corticosteroids are first-
line therapy for severe alcoholic hepatitis (discriminant
function = 32), but proof of their efficacy in decreasing
mortality remains elusive. Pentoxifylline is an alterna-
tive therapy. Complications of advanced ALD include
ascites, spontaneous bacterial peritonitis, esophageal
variceal bleeding, hepatic encephalopathy, hepatorenal
syndrome, hepatopulmonary syndrome, and portopul-
monary hypertension. Alcoholic cirrhotics have increased
risk of developing hepatomas. Liver transplantation is the
ultimate therapy for severe ALD, but generally requires 6
mo of proven abstinence for eligibility. Alcoholic cirrhot-
ics who maintain abstinence generally have a relatively
favorable prognosis after liver transplantation.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Alcoholic liver disease; Alcoholic steatosis; Al-
coholic hepatitis; Alcoholic cirrhosis; Alcoholism; Liver dis-
ease; Corticosteroids; Pentoxifylline; Liver transplantation

Core tip: Alcoholism results in about 2.5 million deaths
annually worldwide, representing 4% of all mortal-
ity. Most of this mortality is from alcoholic liver dis-
ease (ALD). ALD includes alcoholic steatosis, alcoholic
hepatitis, and alcoholic cirrhosis, in order of increasing
severity. This work reviews this clinically important sub-
ject, with a focus on informing clinicians of recent ad-
vances in therapy to reduce the currently high mortality
from alcoholic hepatitis and alcoholic cirrhosis.
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INTRODUCTION

Alcoholism results in an estimated 2.5 million deaths an-
nually worldwide, representing 4% of all mortality'". This
mortality is much greater than that caused by acquired
immunodeficiency syndrome (AIDS) or tuberculosis'".
It is the leading risk factor for mortality for ages 15-59
in males, and the eighth leading risk factor for mortality
for all ages in both sexes'". Alcoholism is associated with
more than 60 diseases, and is commonly associated with
accidental injuries, including motor vehicle injuries'. Al-
coholic liver disease (ALD), moreovet, accounts for 40%
of mortality from cirrhosis”. Annual mortality for ALD
is 4.4 per 100000 in the general population, compared to
2.9 per 100000 for hepatitis C virus (HCV)".
Alcoholism, or alcohol use disorder, is defined, ac-
cording to the Diagnostic and Statistical Manual of Mental
Disorders, 5" edition (DSM-5), as a problematic pattern
of alcohol use leading to clinically significant impair-
ment or psychological distress”. Development of ALD
is dose-dependent, and drinking = 30 g/d of alcohol
(“standard” drink: contains 0.6 fluid ounces or 14 ¢
“pure” alcohol™ increases the risk of ALD in both
sexes'”). Women have a greater risk of ALD than men,
likely secondary to differences in ethanol metabolism! 7.
For example, one study reported the threshold level
of alcohol intake for developing ALD is 12-22 ¢g/d in
women zs 24-46 g/d in men"’. Many alcoholic patients,
however, do not develop clinically significant ALD".
Genetic and environmental factors are important, but
the specific genes or environmental factors that pre-
dispose to ALD are poorly understood"”. Potentiating
factors for ALD include metabolic syndrome'>", diabe-

16,17 . 1718 . 1315 . 12,13,17,19
1o obesity! ™', smoking'"*", iron overload' I
Cl12.15.2021]

tes
and chronic viral hepatitis B or

The only definitive treatment for ALD is liver trans-
plantation (LT). Abstinence is critical, but usually cannot
reverse advanced ALD. Supportive therapy and nutri-
tional management are also important. Several medical
therapies have been studied, including corticosteroids
and pentoxifylline, but no medical therapy has been
proven to improve survival. This review discusses the
spectrum of ALD; reviews the classification of severity
and prognostic criteria for ALD; analyzes the current
therapies for ALD, including abstinence, nutritional ther-
apy, drugs, and LT; discusses the controversies regarding
survival benefits for individual therapies; and reports
professional society guidelines for management of cir-
rhosis and its complications.

SPECTRUM OF ALD

ALD is classified into alcoholic fatty liver (steatosis),
alcoholic hepatitis (AH; steatohepatitis), and alcoholic

(49

Boishidongs  WIG | www.wjgnet.com

cirrhosis. About 90% of alcoholics develop alcoholic ste-
atosis, about 25% develop alcoholic hepatitis, about 15%
develop alcoholic cirrhosis, and about 10% develop hepa-
tocellular carcinoma!™**". Alcoholic steatosis, the eatliest
manifestation of ALD, is pathologically characterized by
microvesicular and macrovesicular fat accumulation within
hepatocytes, minimal inflammatory reaction, and no he-
patic fibrosis™. It is often reversible with abstinence™
Patients are often asymptomatic, and the diagnosis is usu-
ally incidental. They do not exhibit stigmata of chronic
liver disease, such as spider angiomata and palmar ery-
thema. Patients typically present with mild elevations of
liver enzymes, including gamma-glutamyl transpeptidase
(GGT), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) levels™. The serum bilirubin
level and liver synthetic function [international normalized
ratio (INR), albumin level] tend to be normal.

AH is an inflaimmatory process with predominantly
neutrophilic infiltration, characterized by ballooning de-
generation of hepatocytes, hepatocyte necrosis, steatosis,
and presence of Mallory bodies (homogeneous, eosino-
philic cytoplasmic perinuclear inclusions) within hepato-
cytes™ (Figure 1A). Clinical findings include jaundice, py-
rexia, unintentional weight loss, malnutrition, and tender,
enlarged liver™. Patients typically present with moderate
elevations in AST (usually < 300 IU/TL), ALT, GGT, and
serum bilirubin®, An AST:ALT ratio of = 2:1 is strongly
suggestive of ALD" likely from up-regulated mitochon-
drial AST molecular expression and synthesis by alco-
hol®. AH may be complicated by ascites, encephalopathy,
or gastrointestinal (GI) bleeding from esophageal varices
or portal gastropathy””. Tmaging may show hepatomegaly,
but this finding is nonspecific, and imaging is generally
performed to identify radiologic evidence of cirrhosis, to
identify its complications, and to exclude focal hepatic le-
sions™?”. Definitive diagnosis is by liver biopsy, but this is
rarely necessary in clinical practice.

Alcoholic cirrhosis is pathologically characterized
by severely disorganized liver architecture, with both
bridging fibrosis and regenerating nodules, that are
typically uniformly-sized and micronodular™ (Figure
1B). Patients usually present with stigmata of chronic
liver disease, including gynecomastia, palmar erythema,
spider angiomata, testicular atrophy, and parotid gland
enlargement; and signs of portal hypertension, includ-
ing caput medusa. Dupuytren’s contracture is often
present in patients with alcoholic cirrhosis™. Alcoholic
cirrhosis is associated with multiple complications, as
discussed below. Laboratory findings often include
hypoalbuminemia, hyperbilirubinemia, thrombocy-
topenia, and prolonged prothrombin time (PT) and
increased INR®. These abnormalities typically worsen
with progression of cirrhosis. Imaging studies often
demonstrate findings consistent with cirrhosis, includ-
ing a small, shrunken liver, hepatic nodularity, abnor-
mal tortuous vessels from intra-abdominal varices, and
other abnormalities, such as ascites or focal hepatic le-

.53l . . . ; .
sions™". These findings assist in diagnosing cirrhosis,
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Figure 1 Photomicrograph. A: Photomicrograph showing a Mallory body (arrowhead), with twisted rope-like appearance, and fat vacuoles (arrows) as seen in
alcoholic steatohepatitis (image from http:/en.wikipedia.org/wiki/Alcoholic_hepatitis, licensed under Creative Commons Attribution-Share Alike 3.0 Unported); B:
Photomicrograph showing a regenerating nodule (arrowhead) and bridging fibrosis (arrow) as seen in alcoholic cirrhosis (image from http://en.wikipedia.org/wiki/
Alcoholic_cirrhosis, licensed under Creative Commons Attribution-Share Alike 3.0 Unported).

but cannot, by themselves, establish alcohol as the eti-
ology”*. Magnetic resonance imaging (MRI) findings
suggestive of alcoholic cirrhosis include caudate lobe
enlargement, presence of the right posterior hepatic
notch, and smaller regenerative nodules (micronodular)
than in other etiologies of cirrhosis”™". Alcoholic cir-
rhosis is diagnosed by history of excessive alcohol in-
take, with exclusion of other causes of cirrhosis (Table
1) The evolution of alcoholic fatty liver to alco-
holic hepatitis to alcoholic cirrhosis is usually progres-
sive with continued alcohol use, but different stages
can occur simultaneously in one patient (e.g., AH with
alcoholic cirrhosis).

PROGNOSTIC CRITERIA AND MONITORS
OF DISEASE SEVERITY

Several scoring systems assess severity of liver disease and
predict patient survival. Child-Turcotte-Pugh (CTP) score,
the oldest scoring system, uses serum bilirubin level, albu-
min level, PT, severity of ascites, and severity of encepha-
lopathy””. Patients are categorized as: class A = scores
1-6, class B = scores 7-9, and class C = scores 10-15; the
higher the score, the worse the disease”". Although
heuristically useful, CTP scores are limited by subjectivity
in grading and by use of PT instead of the more accurate
INR™. Tt was previously used to prioritize candidates
for LT, but was supplanted in 2002 by the more quantita-
tive and less subjective model for end-stage liver disease
(MELD) score™!. MELD score was originally developed
to assess short-term prognosis in cirrhotic patients un-
dergoing transjugular intrahepatic portosystemic shunt
(TIPS), but was found to also reliably estimate short-
term survival in patients with any type of chronic liver
disease ™. MELD score includes serum bilirubin level,
creatinine level, and INR". Tt can be calculated on-line at
a free website™. The United Network for Organ Sharing
(UNOS) uses MELD score to prioritize LT candidates
because it relatively accurately predicts 3-mo mortality in
patients awaiting I'T***". Recently, addition of serum so-
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dium concentration (MELD-Na score) has been proposed
to more accurately predict mortality in patients awaiting
transplant'™*’. The MELD-Na score, if used for liver al-
location, can avert an additional 7% mortality in patients
awaiting LT™!. Tt is not yet widely used, but is a promising
scoring system that may better predict mortality and im-
prove donor liver allocation.

While CTP and MELD scores are applicable to all
ctiologies of cirrhosis, other scoring systems are specific
for ALD. Disctiminant function (DF), which includes
only PT and serum bilirubin, is used to predict early
mortality in AH patients and to objectively select AH
patients likely to benefit from corticosteroid therapy[47’48].
DF < 32 is classified as non-severe AH, with 10% mor-
tality, whereas DF = 32 is classified as severe AH, with
mortality ranging from 30%-60% without treatment™*”,
Glasgow alcoholic hepatitis score (GAHS) is calculated
as the sum of scores for the following individual parame-
ters: age, leukocyte count, serum urea level, PT ratio (ratio
of patient-to-control PT), and serum bilirubin level™,
A score > 8 predicts poor prognosis”’. ABIC, the most
recent scoring system, includes age, serum bilirubin,
INR, and serum creatinine®”. It stratifies risk of mortal-
ity from AH as low (score < 6.71), intermediate (score:
6.71-8.99), and high (score = 9.0), with 90 d mortality at
0%, 30%, and 75%, respectively (P < 0.0001)"". These
last two scoring systems are promising prognostic indica-
tors and treatment guides, but are currently rarely used
clinically.

Lille score includes 6 variables: age, albumin level,
bilirubin level at day 0, bilirubin level at day 7, PT, and
presence of renal insufficiency®™. Tt helps stratify pa-
tients with AH. It may be more accurate than other scor-
ing systems, but is mostly used to predict 6-mo survival
in patients with AH treated with corticosteroids®™. Tt
predicts about 75% of observed 6-mo mortality™. A
score < 0.45 predicts 15% mortality, whereas a score =
0.45 predicts 75% mortality (P < 0.0001)". Alternative
therapies should be considered when the score is = 0.45

at day 7 of corticosteroid therapy™.
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Table 1 Differential diagnosis of cirrhosis, excluding alcoholic cirrhosis’

Diseases Diagnostic studies Liver biopsy
Wilson's Serum ceruloplasmin < 20 mg/dL; 24-h urine copper ex-  Steatosis; glycogenated nuclei in hepatocytes; focal hepatocellular necrosis,
disease cretion > 100 pg/24 h; slit-lamp ophthalmologic examina-  fibrosis, and ultimately, cirrhosis, usually macronodular®™; copper retention
tion for Kayser-Fleischer rings in hepatocytes;
hepatic copper concentration > 250 ug/g dry weight
Hemochroma- Serum transferrin-iron saturation > 45%; serum ferritin ~Grade 4 stainable iron in hepatocytes, with periportal distribution and sparing
tosis typically > 1000 pg/L; genotyping for detection of HFE  of Kupffer cells; hepatic iron concentration > 80 umol/g dry weight; hepatic
mutations: C282Y and H63D; non-contrast CT of liver iron index > 1.9
demonstrates attenuation values of > 70 HU™
Hepatitis C Anti-HCV; HCV RNA in patients who test positive for Triad of histological findings with acute infection: lymphoid aggregates in
HCYV antibody portal tracts, epithelial damage of small bile ducts, and prominent microve-
sicular and macrovesicular steatosis; chronic infection: periportal necrosis,
intralobular necrosis, portal inflammation, and fibrosis; no characteristic
pathognomonic features
Chronic hepa- HBsAg; serum level of HBV DNA > 2000-20000 IU/mL  Acute infection: lobular disarray, ballooning degeneration, numerous apoptot-
titis B ic (Councilman) bodies, Kupffer cell activation, and lymphocyte-predominant
lobular and portal inflammation; chronic infection: varying degree of predom-
inantly lymphocytic portal inflammation with interface hepatitis and spotty
lobular inflammation®™); presence of HBcAg staining in the liver
Autoimmune  Antinuclear antibody (ANA); smooth muscle antibody Interface hepatitis at junction of portal region and liver lobule; lobular hepati-
hepatitis (SMA); antibodies to liver and kidney microsomes (anti- tis with lymphocytoplasmacytic infiltration; intrahepatic bile ducts generally

LKM1); anti-soluble liver antigen (anti-SLA); asialoglyco-
protein receptor antibodies
al-antitrypsin
deficiency

Serum ol-antitrypsin genotype or phenotype (homozy-
gous PiZZ or heterozygous PiSZ phenotype)

Antimitochondrial antibodies (AMA) = 1: 80 titer; ANA,
with immunofluorescence typically revealing speckled,

Primary bili-
ary cirrhosis
homogeneous, nuclear dot, centromere, or rim-like pat-

terns

Non alcoholic
fatty liver
disease

Diagnosis of exclusion, correlated with:
metabolic syndrome: diabetes mellitus, hypertension,
hyperlipidemia, abdominal obesity with waist circumfer-
ence > 102 cm for men and > 88 cm for women; obesity
(BMI = 30 kg/m®); obstructive sleep apnea; sedentary
lifestyle

appear normal

Giant-cell hepatitis with multinucleated giant cells; lobular disarray; cellular
and canalicular cholestasis; neoductular proliferation; bridging hepatic fibro-
sis; PAS-positive and diastase-resistant cytoplasmic granules in periportal
hepatocytes
Focal and segmental nonsuppurative cholangitis; “florid duct lesion”: bile
duct surrounded by intense lymphocytic or granulomatous infiltrate with
basal integrity of the bile duct breached by individual lymphocytes; granulo-
mas in close proximity to bile duct; bile ductular proliferation (cholangioles or
pseudoducts) along periphery of portal tract
Macrovesicular steatosis; early hepatocyte inflammation, predominantly neu-
trophilic; late nondescript fibrosis and cirrhosis

'Patients may have more than one disease contributing to cirrhosis (e.g., alcoholism and iron overload, or alcoholism and hepatitis C). HFE: Human hemo-
chromatosis protein; CT: Computed tomography; HU: Hounsfield units; HCV: Hepatitis C virus; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B
virus; DNA: Deoxyribonucleic acid; HBcAg: Hepatitis B core antigen; PAS: Periodic acid-Schiff; BMI: Body mass index.

THERAPY

Abstinence supportive therapies for abstinence

Abstinence is the cornerstone of therapy. It markedly
reduces mortalitylw()“. However, this benefit may not
become statistically significant until at least = 1.5 years
of abstinence®. Five-year mortality for patients with

alcoholic cirrhosis who cease drinking decreases to
10%, compared to 30% for patients who continue to
drink”. Alcohol consumption increases portal pressure
and increases porto-collateral blood flow in cirrhotic
patients[“]. Even moderate alcohol consumption signifi-
cantly worsens hepatic hemodynamics'®”. Abstinence
results in a decreased rate of rebleeding after acute vari-
ceal bleeding [hazard ratio (HR) 0.26, P = 0.002]"*". Ab-
stinence may also decrease hepatic fibrosis, as measured
by transient elastography, a noninvasive measure of liver
stiffness” . Liver transplant programs in the United
States generally mandate abstinence for = 6 mo for eli-
gibility for LT™. Therefore, strict, long-term abstinence
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1s essential, and physicians should be vigilant for relapses
and aggressively intervene in such cases.

Psychotherapies promoting abstinence include twelve-
step facilitation therapy (ISF), cognitive-behavioral
therapy (CBT), and motivational enhancement therapy
(MET)"". 'TSF assumes that alcoholism is a progres-
sive illness for which the only effective remedy is absti-
nence'”, Tt provides a structured program to facilitate
active involvement in alcoholics anonymous (AA)".
TSF emphasizes the twelve spiritual principles (traditions)
of AA, including the first five critical principles focusing
on acceptance, surrender, and moral inventories'”. In
“acceptance” patients accept they have a drinking prob-
lem. In “surrender” patients accept faith in a “Higher
Power” and follow the AA path™. CBT identifies “high-
risk” situations that increase the risk of alcoholism and
encourages patients to assume responsibility and acquire
self-control skills to prevent rclapseml. It consists of 12
sessions to train clients to adopt active behavioral and
cognitive methods, rather than alcohol, as coping mecha-
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nisms during “high-risk” situations'”!. Lastly, MET
employs motivational psychology to produce internally
motivated change, 7.e., employs strategies to mobilize
patient’s internal resources for change, rather than con-
tinuous external guidance”. A large RCT, incorporating
1726 patients, showed all three of these psychotherapies
were beneficial and all produced roughly equivalent out-
comes''.

Disulfiram, naltrexone, acamprosate, and baclofen
are used to treat alcohol dependence. Disulfiram (An-
tabuse), an acetaldehyde dehydrogenase inhibitor, alters
alcohol metabolism to cause accumulation of serum
acetaldehyde, which produces unpleasant sensations of
nausea, vomiting, flushing, light-headedness, abdomi-
nal pain, and tachycardiam. Such unpleasant sensations
provide negative reinforcement for ethanol ingestionm.
However, disulfiram-related hepatotoxicity may result in
up to 16% mortality[76], and it must be cautiously admin-
istered in patients with ALD. Naltrexone, a mu, kappa,
and delta opioid receptor antagonist, decreases alcohol
craving by blocking the central pleasurable effects of al-
cohol. It effectively decreases alcohol intake and prevents
relapse[77’78]. A Cochrane meta-analysis reported that na-
Itrexone reduced heavy alcohol consumption by 83%!"”,
An extended-release, injectable formulation of naltrexone
was reported to improve quality of life, including mental
health, social functioning, general health, and physical
functioningm. It produces relatively mild side effects,
mainly nausea, abdominal pain, anorexia, and mild-to-
moderate sedation, but is rarely hepatotoxicm’m’gm.

Acamprosate also helps decrease alcohol dependence.
It decreases the rate of relapse and helps maintain absti-
nence”® ™. Its mechanism of action is unknown™". It im-
proves life expectancy and reduces lifetime medical costs
in alcoholic patients[%]. It has a favorable safety profile.
Diarrhea is the most frequent side effect®™ ™. Baclofen,
a gamma-aminobutyric acid-B agonist, is a new, promis-
ing, adjuvant treatment for alcohol dependence. It helps
alcoholic patients suppress alcohol craving, reduce alco-
hol intake, and achieve and maintain abstinence® ™. It
also improves liver function parameters, including serum
ALT, bilirubin, GGT, and albumin levels, and INR"™,
These favorable effects occur in alcoholic patients with
cirrhosis, with or without concomitant HCV infec-
tion™”". Most affirmative studies have been performed
in Europe, but a large, randomized controlled trial (RCT)
performed in the United States suggested that baclofen
is not superior to placebo in treating alcohol depen-
dence”". Baclofen produces minimal side effects and
has no apparent hepatotoxicitymgﬂ, rendering it safe in
patients with ALD. For all these aforementioned drugs,
there are limited data on efficacy in patients with ad-
vanced liver disease. Psychotherapy and family support
are essential components in the overall management of
alcoholics with liver disease.

Nutritional therapy

Muscle wasting, weight loss, and nutritional deficiencies
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commonly occur in patients with ALD. These abnor-
malities are associated with increased morbidity and
rnortality[gz’%]. The ctiology of weight loss and malnutri-
tion is multifactorial, including poor dietary intake from
anorexia, altered sense of taste and smell, and nausea
and vomiting; malabsorption; hypermetabolic state;
and impaired protein synthesis from cytokine-induced
inflammatory responses”>"”. Nutritional deficiencies
can include fat-soluble vitamins (A, D, E and K), folate,
thiamine, niacin, and pyridoxine; and the trace elements
zinc, magnesium, and selenium®. Each deficiency pro-
duces specific symptoms, signs, and complicationsm].
For example, thiamine deficiency causes Wernicke’s en-
cephalopathy.

The European Society for Clinical Nutrition and Me-
tabolism (ESPEN) recommends enteral or parenteral nu-
tritional support for patients with liver disease to improve
nutritional status, liver function, mental status, and
overall survival®””. Nutritional support also reduces
the incidence of complications after LT, Howevet, a
recent Cochrane review of 37 RCTs found no significant
difference in mortality in patients with advanced liver
disease receiving either enteral or parenteral nutritional
support »s those receiving neither”™. The investigators
did, however, note improvement in serum bilirubin
level, nitrogen balance, and hepatic encephalopathy;
and reduced incidence of post-operative complications,
particularly infections. The reviewed RCTs generally had
methodological flaws, which could have caused over-
estimation of the observed effects”. The American
Association for the Study of Liver Diseases (AASLD)
and American College of Gastroenterology (ACG) rec-
ommend regular assessment of patients for nutritional,
vitamin, and mineral deficiencies; appropriate supple-
mentation for identified deficiencies; enteral nutritional
therapy for severe ALD; and frequent interval feedings,
emphasizing breakfast and a nighttime snack™. The diet
should include 1.2-1.5 g of protein/kg per day and 35-40
kcal/kg per day to improve nitrogen balance™. These
recommendations revise ptrior recommendations to re-
duce protein intake to prevent hepatic encephalopathy,
in order to maintain positive protein balance and prevent

. . . . 98]
muscle wasting in cirrhotics®™

Therapies for alcoholic hepatitis

Although nutritional and supportive management are
important, the mainstay of therapy for AH remains al-
cohol abstinence. Treatment varies according to severity.
Patients who have DF < 32 have only 10% 28 d mor-
tality without treatment”. Supportive management is
adequate for such patients. However, patients who have
DF = 32 have mortality between 30%-60% without
treatment™*™" and treatment may be lifesaving in this
population.

Treatment options for severe AH include corticoste-
roids and pentoxifylline, which are well established, albeit
controversial, therapies. Other treatment options, includ-
ing infliximab, etanercept, antioxidants, and complemen-
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Table 2 Meta-analyses of randomized controlled trials of corticosteroid therapy vs placebo for severe alcoholic hepatitis

Ref. Inclusion criteria Number of RCTs  Endpoint parameters RR, HR or OR  95%CI Comments
(total number of (primary endpoint listed  for primary
patients) on first line of each entry)  endpoint
Imperiale et al",1990  RCTs of patients with acute 11 Mortality RR = 0.63 0.5-0.8 Positive study
AH receiving corticoste- (562) Hepatic encephalopathy (P =0.025)
roids vs placebo
Christensen et al, 1995 RCTs evaluating short term 13 Mortality RR=078  0.51-1.18 Negative study
effect on survival of treat- (659) Age (P=0.2)
ment with glucocorticoids Serum bilirubin
vs placebo for AH Ascites
Male gender
Hepatic encephalopathy
Mathurin et al®, 2002 RCTs during 1984-1992 of 3 Survival OR=039 022071 Positive study (P = 0.002)
patients receiving glucocor- (215) Age Used individual patient
ticoids vs placebo Liver function tests data analysis to increase
DF statistical rigor for the
Hepatic encephalopathy meta-analysis
Gender
Serum creatinine
Ascites
Leukocyte count
Rambealdi et al"®, 2008 RCTs of patients with 15 Mortality RR=0.83  0.63-1.11 Negative study (P = 0.21)
severe, clinically overt AH (721) Liver-related mortality
diagnosed by clinical and Symptoms and
biochemical criteria, treated complications
with glucocorticoids vs Liver function tests
placebo (or no intervention) Liver histology
Adverse events
Mathurin et al®”, 2011 RCTs from 1984 to 2006 5 Survival Complete  Complete Positive study
with specific data on DF = (418) DF responder: HR responder: Complete responders (P
32 or hepatic encephalopa- Lille score =0.18 0.05-0.71 =0.005)
thy, of corticosteroids vs Liver function tests
placebo, enteral nutrition or
antioxidants Serum creatinine Partial re- Partial ~ Partial responders (P =
Ascites sponder: HR responder: 0.03)

=038 0.17-0.87
Hepatic encephalopathy Null respond- ~ Null Null responders (P =

Age er: HR = 0.81 responder: 0.46)

0.45-1.45
Gender Used individual patient
Leukocyte count data analysis to increase

statistical rigor for the
meta-analysis

RCT: Randomized controlled trials; AH: Alcoholic hepatitis; DF: Discriminant function.

tary medicines have not been shown to improve clinical roid treatment™”"™ whereas two meta-analyses showed
outcome'™’ no improvement' ™" (Table 2). For example, a Cochrane

meta-analysis incorporating 721 randomized patients
Corticosteroids: Corticosteroids are the oldest and most demonstrated no statistically significant improvement in
investigated pharmacologic therapy for severe AH. Several mortality among AH patients treated with corticoste-
RCTSs have been performed with contradictory results™ ™. roids; however, a subgroup analysis performed on low-
Ramond e# a/*” reported 12.5% mortality among patients bias risk trials revealed significantly reduced mortality in
receiving prednisolone »s 55% mortality among patients corticosteroid-treated patients with either DF = 32 or
receiving placebo (P = 0.001). Contrariwise, a large study hepatic encephalopathy (RR = 0.33, 95%CI: 0.11-0.97)"".
of 178 patients by Mendenhall ¢ a/™” reported no statis- One affirmative meta-analysis performed individual pa-
tically significant difference in mortality among patients tient data meta-analysis, considered the gold standard for
treated with corticosteroids s placebo. Both studies had meta-analysis with the least bias'"”; it showed that AH
limited statistical power because of small-to-moderate patients receiving corticosteroids had a 28-d mortality of
study size. Several investigators performed meta-analyses only 20% 25 34% for controls (P = 0.0005)"". Further-
of the numerous RCTS to increase statistical power™” "%, more, a prior meta-analysis demonstrated the importance
Three of these meta-analyses showed improvement in of corticosteroid therapy in AH patients, showing that
short-term survival in AH patients receiving corticoste- the number needed to treat (NNT) with corticosteroids
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to prevent one death was only five™. Additionally, corti-
costeroids, specifically prednisolone, have been shown to
significantly reduce mortality for at least 1 year".

The meta-analyses generally included only RCTs
that analyzed patients with either DF = 32 or hepatic
encephalopathy, but none of the individual RCTs ana-
lyzed whether there was a maximum severity of AH (eg.,
maximum DF) beyond which patients no longer ben-
efited from corticosteroid therapy. One study”” analyzed
this question and noted that patients respond rapidly
(< 7 d) to corticosteroids with sustained response until
the conclusion of treatment. They stratified patients ac-
cording to Lille score as complete responders (score <
0.16), partial responders (score = 0.16-0.56), and null
responders (score = 0.56). Survival benefit was limited
to patients who were partial or complete responders;
therefore, this study suggests modifying corticosteroid
therapy according to therapeutic response!”’

Clinical application of corticosteroid therapy for AH
is currently limited by insufficient data on its molecular
therapeutic mechanisms. However, in a recent study of
mice heavily exposed to alcohol for 10 d, administration
of prednisolone, a corticosteroid, enhanced ethanol-
induced liver injury and fibrosis compared to untreated
controls"”. This study further investigated potential
mechanisms for the deleterious effects of prednisolone
after hepatotoxic injury. In carbon tetrachloride-induced
liver injury in mice models, prednisolone led to attenua-
tion of macrophage and neutrophil functions that nor-
mally help clear apoptotic cells and resolve hepatic in-
flammation, and caused delayed hepatocyte regeneration
by inhibiting expression of genes involved in hepatocyte
proliferation and repair, such as pSTAT3"". These data
may help modify and improve clinical management of
corticosteroid therapy for AH.

Despite variable survival benefit among studies, no
severe complications were reported in patients receiv-
ing corticosteroid therapy, including no significantly in-
creased risk of infections. Corticosteroid therapy should
not be precluded in patients who have preexistent infec-
tions, after initiation of appropriate antibiotic therapy"™.
Although the current data are somewhat contradictory,
use of corticosteroids is generally recommended as first-
line therapy for severe AH*,

Pentoxifylline: Pentoxifylline, a nonspecific phospho-
diesterase inhibitor, has anti-inflammatory properties,
including inhibition of tumor necrosis factor (INF)-a,
that may retard hepatic inflammation and fibrosis"". Tt
prevents development of hepatopulmonary syndrome
and development of a hyperdynamic circulatory state
in cirrhotic rats"™. Tt decreases the risk of hepatorenal
syndrome (HRS), and significantly improves renal func-
tion in patients with severe AH or cirrhosis! """ In
a study of 50 patients, it decreased DF by > 50%, »s a
decrease of only 7.1% in patients receiving placebo (P =

0.001)",
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Despite these positive effects, improved survival from
pentoxifylline remains controversial. Four RCTs of pent-
oxifylline s placebo reported contradictory findings (Table
3)RIHETE o trials showed no statistically signifi-
cant improvement in short-term survival”"'; a third
trial showed statistically significant irnprovementmo]; and
a fourth trial showed a statistically insignificant trend
towatrds improved short-term survival (20% mortality
with pentoxifylline s 40% with placebo) (P = 0.216)"".
A Cochrane review, incorporating 5 RCTs, was inconclu-
sive, and recommended further RCTs on this druglmj.
Another meta-analysis, incorporating 884 patients, sup-
ported previous findings that pentoxifylline decreases
the risk of severe HRS, but failed to demonstrate signifi-
cantly improved survival''". Further research with larger
patient studies is necessary to determine whether pent-
oxifylline improves survival. Nevertheless, the AASLD,
ACG, and the European Association for the Study of
the Liver (EASL) recommend pentoxifylline as a second-
line therapy in patients with severe AH who have contra-
indications to corticosteroid therapy”**.

Combination therapy: Corticosteroids or pentoxifyl-
line are used in patients with severe AH, but the survival
benefit for either drug remains controversial. Investiga-
tors combined both therapies to assess whether combi-
nation therapy is superior to corticosteroid monother-
apy, especially for severe AH. However, two published
RCTs found no significant difference in 6 mo mortality
between combination therapy vs monotherapy“m’m].
The most recent RCT revealed 6-mo mortality of 30.1%
in combination therapy »s 30.8% in monotherapy (P =
0.91)"". Although one RCT reported a significantly low-
er cumulative risk of HRS in the combination therapy
group at 1 mo (P = 0.007)""” the benefit was no longer
significant at 6 mo!""*""”. Further studies are needed to
explore combined treatment options to improve survival
for severe AH.

Liver transplantation

LT is the only cure for end-stage ALD. Recent data from
Organ Procurement and Transplantation Network (OPTN)
and Scientific Registry of Transplant Recipients (SRTR)
reveal 3563 alcoholic cirrhotics awaiting LT, constituting
23.2% of all patients awaiting LT". Alcoholic cirthosis is
the second most common indication for LT, after cirrhosis
from viral hepatitis' . Patients with alcoholic cirrhosis,
however, have less likelihood of LT than other patients
due to social factors. ALD is pejoratively thought as
a “self-inflicted” disease, and donor organs are said
to be better allocated to patients with other forms of
end-stage liver disease (ESLD), which are not self-
inflicted""*"*". The critical, legitimate concern regarding
LT for alcoholic cirthosis is recidivism, with consequent
disease recurrence in the allograft[m’lz”. From 12%-46%
of alcoholic cirrhotics resume alcohol consumption
after LT""*". The precise definition of recidivism vat-
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Table 3 Published randomized controlled trials of pentoxifylline vs placebo for severe alcoholic hepatitis 7 (%)

Ref. n  Duration of treatment  Mortality in Mortality in Relative risk or 95%ClI Comments
with pentoxifylline 400 placebo pentoxifylline hazard ratio
mg PO sd

Akriviadis et al™, 2000 101 28d 24/52 (46) 12/49 (24) RR = 0.59 035-097  Positive study
(P=0.037)

Fernéndez-Rodriguez et al®, 2008 24 28d Not reported’  Not reported' HR =1.46 0.5-428  Negative study
(P =0.48)

Tyagi et al”, 2011 61° 6 mo 2/31 (6) 1/30 (3) Not reported ~ Not reported Negative study”
(P=0.15)

Sidhu et al™™, 2012 50 28d 10/25 (40) 5/25 (20) RR =05 0.19-1.25  Negative study
(P =0.216)

'Fernandez-Rodriguez et al"*”

reported no statistically significant difference in short-term or long-term survival based on actuarial survival curve; *Tyagi et al"”’

randomized 70 patients, but only 61 completed follow-up and were included in the analysis. The study did not show a significant difference in mortality,

but showed a significant difference in the occurrence of hepatorenal syndrome. PO: Per overall survival; RR: Relative risk; HR: Hazard ratio.

ies among studies, and the rate of significant alcohol
consumption post-transplant remains unclear™. Risk
factors for recidivism include short duration of alcohol
abstinence before LT, alcohol consumption just before
LT, and patient denial of alcoholism"**'*, To prevent
recidivism, AASLD recommends LT candidates undergo
assessment by an addictive behavior specialist, and delay
of LT for = 6 mo after commencing abstinence™”. Six
mo of abstinence may occasionally permit sufficient
clinical improvement to render I'T unnecessary””. EASL
also supports this recommendation, and mandates a
multidisciplinary approach, including psychological as-
sessment, in addition to medical evaluation, to determine
suitability for T.T%,

LT patients with alcoholic cirrhosis have at least com-
parable and perhaps even better survival than LT patients
with other etiologies of ESLD!"'™"" For example,
Burra ez al''” reported 1, 3, 5, and 10 years graft survival
rates after LT in ALD patients to be 84%, 78%, 73%,
and 58%, respectively; these rates are significantly higher
than that for cirrhosis from viral hepatitis (P = 0.04) or
cryptogenic cirrhosis (P = 0.05). Major causes of post-
transplant mortality include infections, cardiovascular
events and de novo malignancies' ", associated with im-
munosuppression ', De novo malignancies account
for 23% of mortality in patients with alcoholic cirrhosis,
compared to 11% of mortality in patients with cirrhosis
from viral hepatitis without alcoholism or cryptogenic
cirrhosis (P < 0.0001)""". The cumulative risk for de novo
malignancies rises from 6% prior to LT to 55% 15 years
after I'T™. Therefore, regular screening for certain ma-
lignancies, including skin cancer, the most frequent post-
transplantation cancet, is recommended!*.

NATURAL HISTORY AND
COMPLICATIONS OF ALCOHOLIC
CIRRHOSIS

Long-term management of complications of alcoholic
cirrhosis is similar to that for other etiologies of cir-
thosis (Table 4)"*"*Y, Ascites is the most common com-
plication of cirrhosis. Patients with new-onset ascites
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should undergo diagnostic paracentesis, to exclude other
etiologies of ascites, such as cardiac disease, malignant
ascites, or nephrotic syndrome; and to exclude spontane-
ous bacterial peritonitis (SBP). Ascitic fluid should be
analyzed for cell count and differential, total protein, and
serum-ascites albumin gradient (SAAG). A SAAG =
1.1 g/dL supports the diagnosis of ascites secondary to
portal hypertension; a SAAG < 1.1 g/dL supports other
etiologies for ascites'™. First-line treatment of ascites
from cirrhosis includes alcohol cessation; dietary sodium
restriction to < 2 g/d; oral diuretics, usually spironolac-
tone and furosemide; and discontinuation of non-ste-
roidal anti-inflammatory drugs (NSAIDs)"™. In patients
who develop hyponatremia, reduction of diuretic dose
or its temporary discontinuation may be necessary' .

Patients with refractory ascites may warrant second-
line treatment, including serial, large-volume, thera-
peutic paracenteses, TIPS, and addition of midodrine,
especially in patients with systemic hypotension'*.
Midodrine, an a-adrenergic agonist, improves systemic
hemodynamics by causing arterial vasoconstriction (re-
versing arterial vasodilation that contributes to develop-
ment of ascites)'”, [-blockers, angiotensin converting
enzyme inhibitors, and angiotensin receptor blockers are
no longer recommended for patients with ascites from
cirrhosis, because of risks of life-threatening systemic
hypotension“zg]. Infusion of 6-8 g of albumin per liter
of removed ascitic fluid is recommended during large-
volume paracentesis (removal of > 5 liters of ascitic
fluid)"®”. Peritoneovenous shunts used to be popular to
treat refractory ascites, but are now restricted to patients
with diuretic-resistant ascites who ate poor candidates
for serial paracenteses, transplantation, or TIPS, because
of risks of disseminated intravascular coagulation and/
or sepsis! 2315,

SBP, a complication of ascites, is diagnosed by pres-
ence of = 250 polymorphonuclear cells/ mm’ in ascitic
fluid. In the appropriate clinical setting, patients should
receive empiric antibiotic therapy, preferably cefotaxime
2 g every 8 h, immediately after performing aerobic and
anaerobic cultures of ascitic fluid"*”, Delaying antibiotic
therapy to await culture results may cause life-threaten-
ing, overwhelming infection. Ascitic fluid culture is not
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Table 4 Management of complications of cirrhosis, per professional society guidelines'

Complication Screening/diagnosis

Treatment

Long-term management surveillance

Ascites Diagnostic paracentesis for new-onset
ascites: ascitic fluid analyzed for cell
count and differential, total protein,

and SAAG
Diagnostic paracentesis: = 250 poly-

morphonuclear cells/ mm®

Spontaneous bacterial peritonitis

Esophageal and gastric varices Esophagogastroduodenoscopy

Hepatic encephalopathy Diagnosed by serum ammonia level
and clinical findings of confusion,
personality and mental status changes,
and asterixis (exclude other causes of
mental status changes)
Hepatorenal syndrome Serum creatinine > 1.5 mg/dL, in the
absence of other identifiable cause of

renal failure (exclude other causes by

(type 1-rapidly progressive renal
insufficiency;
type 2-slowly progressive renal
renal imaging)
Abdominal ultrasound every 6 mo;
alpha fetoprotein determination every
6 mo no longer recommended, but

insufficiency)
Hepatocellular carcinoma (HCC)

optional
Screening by arterial blood gas;
Confirmation by CEE

Hepatopulmonary syndrome

Portopulmonary hypertension Screening by transthoracic Doppler
echocardiography;
Confirmation by right heart catheter-

ization

urine chemistries, urine culture, and/or

Alcohol cessation; dietary sodium
restriction; oral diuretics; discontinua-
tion of NSAIDs

Empiric antibiotic therapy with cefo-
taxime 2 g every 8 h, while awaiting
culture results

Treatment depends upon size of vari-
ces or risk of variceal bleeding:
Prophylaxis with nadolol or proprano-
lol for small varices at high risk of
bleeding or for medium/large varices;
EVL for medium/large varices at high
risk of bleeding
Investigation and correction of pre-
cipitating factors; lactulose and/ or
rifaximin, supportive care

Initial fluid challenge; albumin and
terlipressin or albumin and combined
octreotide plus midodrine; dialysis;
LT definitive

For HCC treatment"!

Symptomatic management with long-
term oxygen therapy;
LT definitive
Intravenous or inhaled prostacyclin;
long-term oxygen therapy

Refractory ascites: periodic large-vol-
ume therapeutic paracenteses; TIPS;
midodrine; or peritoneovenous shunts

Prophylaxis with norfloxacin or
trimethoprim-sulfamethoxazole after
one documented episode of SBP or if

patient presents with variceal bleeding
No varices: EGD every 3 yr (earlier if
hepatic decompensation occurs)
Small varices: EGD every 2 yr
Medium/large varices: EGD every
6-12 mo

Secondary prophylaxis with lactulose

and/ or rifaximin indefinitely

Serial serum creatinine monitoring

Abdominal ultrasound every 6 mo

'American Association for the Study of Liver Diseases"****'”; American College of Gastroenterology>"*"; Department of Veterans Affairs Hepatitis C Re-
source Center Program and the National Hepatitis C Program*; European Association for the Study of the Liver™; and European Respiratory Society"*".
SAAG: Serum-ascites albumin gradient; NSAID: Non-steroidal anti-inflammatory drugs; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Sponta-

neous bacterial peritonitis; GI: Gastrointestinal; EGD: Esophagogastroduodenoscopy; EVL: Endoscopic variceal ligation; CEE: Transthoracic echocardiogra-

phy with contrast enhancement.

necessary for diagnosis because up to 60% of patients
have negative cultures””. Risk factors for persistent SBP
include MELD score > 25, SAAG > 1.5, and positive as-
citic fluid culture™. After one episode of SBP, patients
should receive long-term prophylaxis with norfloxacin
or trimethoprim/sulfamethoxazole™!. Cirrhotic patients
presenting with GI bleeding should also receive SBP an-
tibiotic prophylaxis, with either intravenous ceftriaxone
or oral norfloxacin, for 7 d"*’.

Cirrhotic patients should undergo screening esopha-
gogastroduodenoscopy (EGD) to diagnose or exclude
esophageal and gastric varices. Classification of varices
has been simplified to: small varices - minimally elevated
veins above esophageal mucosal surface; medium varices
- tortuous veins occupying < 1/3 of esophageal lumen;
and large varices - tortuous veins occupying > 1/3 of
esophageal lumen"?. Patients with no varices undergo
repeat EGD every 3 years, or sooner if hepatic decom-
pensation occurs. Patients with small varices at increased
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risk of bleeding should receive primary prophylaxis with
nonselective -blockers, such as propranolol or nadolol,
and should undergo EGD every 2 years. Patients at high
risk of bleeding includes those with red wale markings
at EGD or those with CTP stage B or C cirrhosis!™.
Patients with medium/large varices should also receive
primary prophylaxis with nonselective f3-blockers, but
should undergo endoscopic variceal ligation when at high
risk for variceal bleeding. This high-risk population should
undergo surveillance EGD every 6-12 mo!*"?,

Hepatic encephalopathy is a potentially reversible
neuropsychiatric disturbance resulting from hepatic in-
sufficiency. It is characterized by confusion, personality
and mental status changes, asterixis, and hyperammo-
nemia. Hepatic encephalopathy is staged according to
West-Haven criteria as: 0, normal; 1, mild; 2, lethargy; 3,
somnolence-to-stupor; and 4, coma'™. Precipitating fac-
tors, including GI bleeding, infections, electrolyte distur-
bances (especially hyponatremia), medications (primarily
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narcotics and sedatives), constipation, and excessive ni-
trogenous dietary intake, should be assiduously investi-
gated and corrected"”. Acute pharmacologic manage-
ment includes lactulose and/or rifaximin therapyms’m].
Lactulose, 2 non-absorbable disaccharide cathartic,
reduces nitrogenous load in gut, thereby reducing am-

12 . « . S .
[l Rifaximin, an antimicrobial agent

monia production
with minimal systemic absorption, reduces ammonia-
producing enteric bacteria. Rifaximin has been shown to
reduce the risk of breakthrough hepatic encephalopathy
during a 6 mo period of remission and to be supetior to
lactulose in treating hepatic encephalopathymﬂ. Support-
ive management includes fall prevention, nursing care,
prophylactic intubation in cases of severe hepatic en-
cephalopathy, and adequate nutritional support'**. After
recovery, patients require secondary prophylaxis indefi-
nitely with lactulose, rifaximin, or combination therapy
to prevent recurrence.

HRS is characterized by serum creatinine > 1.5 mg/
dL in a patient with ESLD, in the absence of other
identifiable causes of acute or chronic renal failure!™”.
It is a diagnosis of exclusion. It is classified into: type 1
HRS, characterized by rapidly progressive impairment in
renal function (100% inctrease in baseline creatinine or
creatinine level > 2.5 mg/dL, usually within 2 wk); and
type 2 HRS, characterized by slowly progressive (> 2
wk) worsening renal function?""™. All cirrhotic patients
with sudden increases in serum creatinine to > 1.5 mg/
dL should have discontinuation of diuretics and receive
a fluid challenge with 1.5 L intravenous normal saline!™.
Patients who are prerenal respond to fluid challenge,
with decrease in creatinine levels and improved urine
output, whereas patients with HRS are mostly unrespon-
sive to fluid challengeﬂﬂ’m]. Other causes of renal toxic-
ity should be excluded, such as NSAIDs, hypotension,
hypovolemia, obstructive uropathy, and sepsis. First-
line therapy for HRS includes albumin and terlipressin,
a vasopressin analogue that improves splanchnic circula-
19" o1 albumin and combined octreotide plus mido-
drine!"?”. Patients not responding to these therapies may

tion

require dialysis and subsequent LT (usually with simulta-
neous renal transplant), the only definitive treatment for
HRS. Pentoxifylline, as aforementioned, can decrease the
incidence of HRS"".

HCC occurs in 5%-15% of patients with alcoholic
cirthosis™. The precise incidence is, however, uncertain,
as patients with alcoholic cirrhosis are often co-infected
with HCV, which acts synergistically to potentiate the
risk of HCC"Y, Nevertheless, screening for HCC is rec-
ommended in all patients with alcoholic cirrhosis. HCC
surveillance is usually performed by abdominal ultra-
sound every 6 mo. Surveillance with serial serum alpha-
fetoprotein determinations is no longer recommended
because of insufficient specificity and sensitivity*!, but
is still frequently performed. Diagnosis and treatment are
similar in all patients with HCC, regardless of etiology
of cirrhosis. The reader is referred to a comprehensive

. . . 124]
review on this sub]ect[ 1,
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Pulmonary vascular complications of chronic liver
disease include hepatopulmonary syndrome (HPS) and
portopulmonary hypertension (PPHTN). HPS is defined
as an arterial oxygenation defect caused by intrapulmo-
nary vascular dilatation in patients with liver disease,
especially cirrhosis"™. Tt occurs in approximately 20%
of patients awaiting LT. Symptoms include dyspnea and
platypnea, a characteristic finding of increased shortness
of breath on rising from supine to upright positionmﬂ.
Screening, using arterial blood gas, is done in LT candi-
dates and patients with liver disease who present with
such symptoms. Transthoracic echocardiography with
contrast enhancement (CEE) is the gold standard for
diagnosis of HPS. CEE is commonly accomplished by
hand agitation of 10 mL normal saline, resulting in mi-
crobubbles (< 90 pum in diameter), which are injected
into an upper extremity vein!, Detection of micro-
bubbles within the left atrium is considered a positive
CEE™". Diagnostic criteria include: (1) presence of liver
disease; (2) alveolar-arterial oxygen tension difference
(A-a gradient) = 15 mmHg; and (3) positive CEE!,
The only curative treatment for HPS is LT, but patients
can be managed symptomatically with long-term oxygen
therapy.

PPHTN is defined as pulmonary artery hypertension
associated with portal hypertension, likely secondary to
imbalance in vasoactive substances reaching the pulmo-
nary circulation from portosystemic shunts or defective
hepatic metabolism!"*"
of patients awaiting L'T. Patients present with dyspnea,

. It occurs in approximately 5%

chest discomfort, or syncope. Transthoracic Doppler
echocardiography is used for screening; PPHTN is sus-
pected by finding of right ventricular systolic pressure
> 40-50 mmHg. Diagnosis is confirmed by right heart
catheterization, that reveals: (1) mean pulmonary artery
pressure > 25 mmHg; (2) mean pulmonary artery occlu-
sion pressure < 15 mmHg; and (3) pulmonary vascular
resistance > 240 dyn-s/ em™™Y, Treatment may include
pulmonary vasodilator therapy with intravenous and in-
haled prostacyclin, as well as long-term oxygen therapy.
LT is reserved for patients who fail to improve with
these therapies.

FUTURE DIRECTIONS

Current research on ALD involves non-invasive diagno-
sis of ALD and novel treatment options. Non-invasive
diagnostic liver tests, including FibroScan, have been

studied, but the diagnostic accuracy of these tests have
not been compared to the gold standard of liver biopsy,
to define cut-off values for ALD"" The current prog-
nostic scoring systems account for only 75%-85% of
mortality for ALD or other causes of liver disease. Scot-
ing systems incorporating more linearly independent
variables may increase prognostic accuracy.

Currently, LT remains the only curative treatment.
Further studies are needed for currently popular thera-
pies, such as corticosteroids and pentoxifylline, to deter-
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mine efficacy, especially to prove survival benefit. Com-
bined medical therapies may be useful to achieve synergy
in improving survival.

New treatment options that target pathways impli-
cated in ALD pathogenesis, including oxidative stress,
endotoxin production, cytokine production, and immune
regulatorsm] are being investigated. Recently investigated
antioxidants include milk thistle (silymarin extracts) and
S-adenosyl-I-methionine, both of which have not been
proven beneficial'**'*!. However, most studies have
been of low quality, and high quality RCTs regarding
these relatively nontoxic, and possibly helpful treatments
should be performed. Other TNF-q inhibitors, includ-
ing etanercept and infliximab, have been studied, but
only 3 RCTs with small study sizes have been published
on these medications" "%, Reported adverse events and
likely increased mortality limit their use, but further stud-
ies may be needed to confirm these findings.

Interleukin-22 (IL-22) is a potential therapy for ALD™,
1L-22 ameliorates hepatic steatosis and liver injury in animal
models after acute or chronic-binge ethanol feeding“m.
It may promote hepatocyte proliferation or hepatic re-
generation and inhibit hepatic fibrosis in response to al-
1 1122 theoretically appears
to be relatively safe because only hepatocytes, epithelial

cohol-induced liver injury

cells, and a few other cell types have 1L.-22 receptors.
11.-22, however, promotes proliferation of preexisting
hepatomas, even though it does not initiate hepatoma
formation™. It is therefore likely contraindicated in pa-
tients with ALD complicated by hepatoma and may have
limited use in patients with alcoholic cirrhosis.

Increased intestinal permeability to gut-derived mi-
croorganisms appears to increase morbidity and mortal-
ity in AH""!. Several multi-institutional consortia are
developing therapies for AH based on preventing or
neutralizing these effects of increased intestinal perme-
ability. For example, lipopolysaccharide (LPS) antibody
may help neutralize injury from lipopolysaccharide from
exposure to gut-derived microorganisms. One study will
compare the effects of lipopolysaccharide (ILPS) anti-
body in combination with corticosteroids #s corticoste-
roid monotherapy in patients with severe AH". Other
studies will examine the efficacy of probiotics #s placebo
for moderately severe AH, or the effect of adding zinc,
a mineral that improves gut barrier function, to other
therapies for severe AH.

Another promising approach to AH therapy is tar-
geting macrophage/Kupfer cell activation in AH which
leads to increased IL.-1 beta activation. A clinical trial is
examining a combination of Anakinra, an interleukin 1
receptor antagonist, and traditional therapy ss traditional
therapy alone for severe AH™". Another attractive ap-
proach is to inhibit caspases which are death induction
molecules downstream to TNF-alpha activation during
hepatotoxic injury. Emricasan, a pancaspase inhibitor, is
proposed to be tested to block hepatocyte injury induced
by TNF-beta, without blocking the beneficial hepatic

effects of TNF-beta on liver regeneration and immune
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cell function™”, Other novel potential therapies are in
the process of development or undergoing preliminary
clinical trials™.

CONCLUSION

ALD is a prominent and preventable cause of morbid-
ity and mortality. The cornerstone of therapy is absti-
nence, which improves overall survival. Psychological

and pharmacologic therapies can support abstinence.
Nutritional and supportive therapies are also important.
Several therapies for AH, such as corticosteroids and
pentoxifylline, are widely administered, but their survival
benefit remains unproven. These drugs are generally well
tolerated, without significant toxicity. Other potential
therapies include TNF-q, inhibitors other than pentoxi-
fylline, antioxidants, and complementary medicine, none
of which have demonstrable benefits for ALD and are
not recommended as therapies. LT remains the only
definitive treatment for alcoholic cirrhosis, and multidis-
ciplinary management, including aggressive psychosocial
therapy to prevent relapse should be instituted post-
transplant. Patients with advanced ALD have complica-
tions that are similar to cirrhosis of other etiologies.
Prophylaxis, surveillance, and aggressive treatment are
important to prevent significant morbidity and mortality.
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Abstract

Severe alcoholic hepatitis (AH) is an acute form of al-
cohol induced liver disease with a poor prognosis that
is seen in the patients who consume large quantities of
alcohol. The diagnosis of AH is based on the appropri-
ate alcohol intake history and is supported with clinical
and histological features, and several scoring systems.
Glucocorticoids are the mainstay for treating severe AH
with pentoxifylline used as an alternative to steroids
in addition to total alcohol abstinence. Liver transplan-
tation is a possible therapeutic option for severe AH.
Among the anti-craving medications able to improve
abstinence rate, baclofen seems to be effective and
safe in the alcoholic patients affected by severe liver
damage.

© 2014 Baishideng Publishing Group Co., Limited. All rights
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Key words: Severe alcoholic hepatitis; Maddrey’s dis-
criminant function; Glucocorticoids; Baclofen; Ortho-
topic liver transplantation; Alcoholic liver disease

Core tip: The therapy of severe alcoholic hepatitis (AH)
is a problem in clinical practice due to the complex of
the pathogenetic mechanisms involved. However, sev-
eral treatment options are now available. The specific
treatment of AH is directed to acute injury in order to
block the progression of the fibrosis. Orthotopic liver
transplantation is a possible therapeutic option for se-
vere AH in the non-responder patients. Baclofen seems
to be effective and safe anti-craving drug able to im-
prove abstinence in patients with severe AH.

Abenavoli L, Milic N, Rouabhia S, Addolorato G. Pharmaco-
therapy of acute alcoholic hepatitis in clinical practice. World J
Gastroenterol 2014; 20(9): 2159-2167 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/19/2159.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.19.2159

INTRODUCTION

Alcohol use disorders (AUD) is a major cause of pre-
ventable morbidity and mortality worldwide!". Severe al-
coholic hepatitis (AH) is a serious form of alcohol-relat-
ed liver injury that is seen in the patients who consume
large quantities of alcohol during a prolonged period
of time". The term “acute alcoholic hepatitis” was first
used by Beckett e a/” in 1961 and included a spectrum
of the severity ranging from the asymptomatic mild ab-
normalities of liver chemistry tests to the fulminant liver
failure and even death. However, the term “acute” rep-
resents a rapid worsening of an underlying chronic liver
disease, and severe AH is defined as an acute-on-chronic
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liver failure in many patients. It remains important for
the clinicians to detect and treat this complex disease
competently and satisfactorily.

The risk of the alcoholic liver disease (ALD) in-
creases with the dose and duration of alcohol consump-
tion'. However, the history of this condition is also
influenced by many host factors, in particular obesity",
female genderm, viral co-infection (ie., chronic hepatitis
C infection)m, and iron overload™, that are well known
to increase the risk signiﬁcantly[gl.

The acute ingestion of alcohol can cause several meta-
bolic alterations, including hypoglycemia, lactic acidosis,
hypokalemia, hypomagnesemia, hypoalbuminemia, hypo-
calcemia, and hypophosphatemia on different body parts
and tracts"™"". Acute alcohol intoxication-related cardio-
vascular effects include tachycardia, peripheral vasodilation
and volume depletion; these features can contribute to the
induction of hypothermia and hypotension"”. Another
possible cardiovascular effect is the “holiday heart syn-
drome”, characterized by atrial or ventricular tachyarrhyth-
mias and a new onset of atrial fibrillation after the acute
alcohol ingestionm. The main life-threatening respiratory
consequence of acute alcohol intoxication is respiratory
depression!. Other respiratory effects include decreased
airway sensitivity to foreign bodies, decreased ciliary cleat-
ance and aspiration and increased risk of bacterial infection
with consequent bronchitis and pneumonia. Gastrointes-
tinal effects include nausea, vomiting, diarrhea, abdominal
pain due to gastritis, peptic ulcer, and pancreatitis' . Pro-
longed vomiting can lead to hyponatremia. Acute alcohol
intoxication can cause a dysfunction of esophageal, gastric,
and duodenal motility and an increase in duodenal type 111
propulsive waves in the ileum; the increased transit of the
intestinal contents may contribute to diarthea”. Excessive
alcohol consumption is also a risk fact%r] for developing

colorectal adenomas or colorectal cancer

The symptoms are usually related to the blood alco-
hol concentration (BAC). At the BAC higher than 300
mg/dL (65.1 mmol/L), there is an increased risk of
respiratory depression and arrest. The death attribut-
able to acute alcohol intoxication generally occurs at the
BAC higher than 500 mg/dL (108.5 mmol/L), although
the lethal dose of alcohol can vary. Specifically, death
was observed at lower BACs in the “non-tolerant” sub-
jects (300 mg/dL; 65.1 mmol/L) and the recovery was
reported at higher levels (> 1200 mg/dL; 260.4 mmol/
1)"". However, in the alcohol-dependent patients who
develop a tolerance to alcohol as a result of the repeated
exposure to ethanol, these effects may become reduced.
This phenomenon seems to be related to the compen-
satory changes in excitatory N-methyl-D-aspartate and
inhibitory gamma-amino-butyric acid (GABA)".

Acute alcohol intoxication can induce AH, usually in
the subjects with chronic AUD and/or in the patients
affected by alcoholic cirrhosis. Physical findings in the
patients with AH include jaundice (the principal sign),
hepatomegaly and spider angiomas. The symptoms
may be non-specific which may involve fever, anorexia,
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weight loss, right upper quadrant pain, distension, or
nausea and vomiting”". Alternatively, more severe symp-
toms can include encephalopathy and ascites.

PATHOGENESIS

The spectra of ALD are grouped into three histological
stages: fatty liver, AH, and chronic hepatitis with fibrosis
or cirrhosis. Fatty liver, the earliest response of the liver
to alcohol abuse, is generally reversible with abstinence
and is not believed to predispose to any chronic form
of the liver disease if abstinence or moderation is main-
tained. AH develops in the patients with steatosis and is
characterized by the presence of the inflammatory cells
and hepatocellular injury with progressive fibrosis. In
this case the reversibility is related to the degree of the
liver injury. Finally, cirrhosis is irreversible and involves
replacement of the normal hepatic parenchyma with ex-
tensive thick bands of fibrosis and regenerative nodules,

which results in the clinical manifestations of portal hy-
pertension and liver failure™*,

The toxic effect of alcohol on the liver is done by
direct toxicity and an inflammatory cascade arising from
portal venous translocation of Gram-negative bacteria
due to increased small bowel permeability. The subse-
quent activation of Kupffer cell causes the release of re-
active oxygen species and the production of various pro-
inflammatory cytokines, such as tumor necrosis factor-g,
(INF-), interleukin (IL) -7, IL-8, CXCL1, that lead to
parenchymal neutrophil infiltration. Acetaldehyde, the
alcohol metabolite, forms a vatiety of protein/DNA ad-
ducts that promote glutathione depletion, lipid peroxida-
tion and mitochondtial damage[zﬂ.

DIAGNOSIS AND PROGNOSIS

AH generally occurs after decades of heavy AUD. Serum
aminotransferase activities are typically five-to eight-fold
elevated, the aspartate aminotransferase to alanine ami-

notransferase ratio is typically > 2, and serum bilirubin
and alkaline phosphatise levels are generally elevated™.
The differential diagnosis of suspected AH includes
biliary obstruction, decompensated alcoholic cirrhosis,
foamy fatty change, Zieve syndrome, drug-induced liver
disease and acute viral hepatitis (Z.e. hepatitis A or E).
Serum bile acid concentrations are correlated with his-
tology of AH in the patients with biopsy-proven disease.
However, no consistent association between AH and
cholestasis scores was observed™.

The AH histopathological findings are character-
ised by the coexistence of macrovesicular steatosis,
centrilobular ballooning of hepatocytes, infiltrate with
polymorphonuclear leukocytes, Mallory bodies, mega-
mitochondria and canalicular bile plugsm]. The true
reason of the incidence of AH is unclear. The pub-
lished guidelines recommend histological confirmation
of severe AH in the cases of diagnostic uncertainty”,
Liver biopsy remains a useful tool in the diagnosis and
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Table 1 Common scoring system used to predict prognosis in alcoholic hepatitis

Score name

Score formula

8- to 30-d mortality

Maddrey’s discriminant func-
tion™
Model for end-stage liver

. 32]
disease™

4.6 X [PT (s) - lab control PT (s)] + serum bilirubin (mg/dL)

Sensibility: 0.75
Specificity: 0.69

3.78 X [Ln serum bilirubin (mg/dL)] + 11.2 X [Ln INR] + 9.57 X [Ln serum creatinine (mg/dL)] + 6.43 Sensibility: 0.69-0.75

Specificity: 0.68-0.75

Glasgow alcoholic hepatitis Score given 1 2 8 Sensibility: 0.67
score™ Age <50 =50 - Specificity: 0.70
WCC (10°/L) <15 =15 -
Urea (mmol/L) <5 =5 -
PT ratio or INR 15 1.5-2.0 >20
Bilirubin (umol/L) <125 125-250 > 250
ABIC score™ (age % 0.1) + [serum bilirubin (mg/dL) x 0.08] + [serum creatinine (mg/dL) x 0.3] + (INR X 0.8) Sensibility: 0.92
Specificity: 0.32
Lille model score®™ exp(-R)/[1 + exp(-R)]" Sensibility: 0.76

Specificity: 0.66

'R =3.19-0.101 X (age in years) + 0.147 X (albumin day 0 in g/L) + 0.0165 X [bilirubin day 0 - bilirubin day 7 (mmol/L)] - 0.206 X (renal insufficiency) - 0.0065
X (bilirubin day 0 in mmol/L) - 0.0096 x (PT in seconds). PT: Prothrombin time; INR: International normalised ratio, WCC: White cell count.

management of severe AH, particularly when medical
therapy is contemplated”™. The prevalence of AH in
the patients who undergo liver biopsy is of about 20%
and it may be present in as many as 10%-35% of the
hospitalized alcoholic patients™. Mild and moderate
forms of AH frequently respond to alcoholic abstinence,
whereas the prognosis of severe AH is poor; up to 40%
die within 6 mo"". Especially in severe AH, even in the
absence of cirrhosis, the portal system may come under
the increased pressure because of liver scarring, resulting
in portal hypertension and its complications.

The decision on how and when to treat the condi-
tion is pivotal and depends on the ability to establish
the prognosis of the patients. Several scoring systems
are available to assess the severity and prognosis of AH
(Table 1). In particular, the modified Maddrey’s dis-
criminant function (MDF), the model for end-stage liver
disease (MELD) score, the Glasgow alcoholic hepatitis
score and the age-bilirubin-INR-creatinine (ABIC) score
are utilized in the clinical practice™ ™.

The purpose of these scoring systems is to estimate
the likelihood of short-term survival and to determine
whether the patient should be treated with corticoste-
roids. The Lille score, instead, helps the physician to
make the decision to stop corticosteroids after a week, or
to continue for 28 d™. All scores use total bilirubin. The
“weak point” of MDF is that requires the prothrombin
time (PT) for the calculation. However, PT value can
change between different laboratories™”. This evidence
has led to the development of new scoring systems. The
MELD score, Glasgow, ABIC, and Lille score, all incor-
porating a measure of a kidney function, underscore the
prognostic significance of an impaired kidney function
in the patients with AH. In particular the MELD score
includes the INR, which is standardized across labora-
tories, whereas the PT is not, and weighting of the INR
and bilirubin level to reduce the influence of values at
extremes’,

MDF is the simplest and the most widely used score,
validated by several groups as a reproducible criterion to
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identify the patients at a high risk of eatly mortality. Its
score allows identification of those with non-life threat-
ening AH (MDF < 32) who will recover with abstinence
and who do not require specific treatment. Those with
higher scores experience mortality of up to 50% in some
studies and the recent clinical trials have addressed the
management of the patients in this group. International
guidelines report the use of MDF to estimate the likeli-
hood of short-term survival as the primary endpoint.
The MELD, the Glasgow, and the ABIC scores may be
considered as alternative or additional tools to assess the
disease severity.

PHARMACOTHERAPY

The optimal pharmacological treatment of severe AH
is controversial and is one of the main challenges in the
ALD. The development of the specific treatments has
followed increasing understanding of the pathogenesis
of this disease™. The key processes involve oxidative
stress, inflammation and fibrosis. Secondary abnormali-
ties include malnutrition and impaired hepatic regenera-
tion. The specific treatment of the ALD is directed to
acute injury in order to block the progression of the
fibrosis. With a lifestyle modification, some studies sup-
port the treatment with glucocorticoids (GCs), pentoxi-
fylline, anti-TNF-q,, S-adenosylmethionine (SAMe) and
antioxidants (Table 2).

Glucocorticoids

GCs are the first line treatment for severe AH. However,
the efficacy of steroids has been debated for several
decades and considered as the potential side effects that
include anti-anabolism, muscular proteolysis, immuno-
suppression, increased susceptibility to the infections
and increased risk of gastrointestinal bleeding. In addi-
tion, many patients with alcoholic diseases are predomi-
nantly obese, insulin resistant, or diabetic, and concomi-
tant chronic hepatitis B or C is often present. In these
settings, the clinical management with steroids are very
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Table 2 Treatment considerations of severe alcoholic hepatitis

Treatment Options Comments

Corticosteroids Prednisolone If MDF = 32: 40 mg daily orally for 28 d followed by a 2/4-wk taper

Phosphodiesterase inhibitors Pentoxyfilline 400 mg orally 3 times daily for 4 wk

Anti TNF-o Infliximab Infliximab 5 mg/kg iv at day 0 and prednisone 40 mg/d for 28 d (data not
confirmed)

Nutrition Eating, tube feeding Diet rich in carbohydrate- and protein-derived calories; potassium replace-

ment; vitamin supplementation
Antioxidant Metadoxine 1500 mg/d orally for 3 mo
Antioxidant S-adenosylmethionine 1200 mg/d orally in ambulatory patients

Alcohol abstinence Rehab program

disulfiram, naltrexone, acamprosate, baclofen

Reduce alcohol withdrawal symptoms, alcohol craving and intake, pro-
mote abstinence, evaluation for OLT program

MDEF: Maddrey’s discriminant function; OLT: Orthotopic liver transplantation; TNF-a: Tumor necrosis factor-o.

difficult.

A meta-analysis at the beginning of the 90s, done
by 11 randomized studies (10 of which were placebo
controlled), suggested a beneficial role of GSs in the
patients with severe AH with hepatic encephalopathy,
but without active gastrointestinal bleeding by reducing
short-term mortality””. A later analysis involving 12 con-
trolled clinical trials, could not confirm these benefits,
including the patients with encephalopathy™. In further
support of this finding, the Cochrane review of 2008,
including 15 randomized controlled trials with a total
of 721 patients, concluded that GCs did not statistically
reduce mortality compated with the placebo. A mortality
benefit, however, was seen in a subgroup of the patients
with MDF greater than 32 or with hepatic encephalopa-
thy™. A successive meta-analysis was done using indi-
vidual patient data from 5 randomised controlled trials.
The patients were classified as complete responders (Lille
score < 0.10), partial responders (Lille score between
0.16 and 0.506), and null responders (Lille score = 0.16).
GCs improved 28-d survival in the patients’ survival
within the complete and partial responders, but not in the
null responders'*!!,

Based on these data and on the clinical guidelines of
the European Association for the Study of the Liver it
is possible to make appropriate conclusions™™. The GCs
therapy of AH is limited by the concerns of heightened
risks of sepsis and gastrointestinal hemorrhage. The
patients with mild to moderate AH (MDF < 32), with-
out hepatic encephalopathy and with the improvement
in serum bilirubin or decline in the MDF score during
the first week of hospitalization, should be monitored
closely. Such patients will not likely require the benefit
from the specific medical interventions and are expected
to recover with nutritional support and abstinence from
alcohol. The patients with severe disease (MDF = 32)
with or without encephalopathy, who do not have con-
traindications to GCs, should be considered for a 4-wk
treatment with prednisolone (40 mg/d), stopped ot
followed by a taper during 2-4 wk. Prednisolone is pre-
ferred to prednisone because the latter requires conver-
sion to prednisolone in the liver, a process that may be
impaired in AH. A new treatment is needed for the poor
responders. Early liver transplantation may be consid-
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ered after a careful selection process of these patients.

Pentoxifylline

Pentoxifylline is a phosphodiesterase inhibitor that blocks
transcription of TNF-a to decrease serum levels of the
gene product. It may be an acceptable therapeutic op-
tion in the patients with severe AH. When compared to
the placebo, the patients with severe AH (MDF score =
32) treated with pentoxifylline presented a higher 6-mo
survival. This was related to a marked decreased devel-
opment of a hepatorenal syndrome’. Three random-
ized clinical trials compared pentoxifylline in combina-
tion with GCs and GCs monotherapy in severe AH"",
However, these studies teported that the combination
of GCs and pentoxifylline presented no additional sur-
vival advantage compared with GCs alone in a 6-mo
survival. On the basis of these data, the guidelines by
American Association for the Study of Liver Disease
recommend pentoxifylline (400 mg orally 3 times daily
for 4 wk) in the patients with severe AH (MDF score =
32), especially if there are contraindications to the GCs
treatment”**’), The European Association for the Study
of the Liver Guidelines recommend using pentoxifylline
if sepsis precludes the use of GCs™,

Anti TNF-o

TNF-a is a key cytokine that reproduces a number of
features of alcoholic hepatitis. It is known to be in-
creased in proportion to the severity of this disease and
its low levels increase the liver regeneration™. The anti
TNF-a therapies were considered as the most attractive
strategies to treat severe AH. In a pilot study, 20 pa-
tients with biopsy-proved severe AH (MDF between 32
and 55) were randomized to either 5 mg/kg /v of inflix-
imab at day zero plus 40 mg/d of prednisone ot predni-
sone alone. In severe AH, infliximab was well tolerated
and associated with a significant improvement of MDF
score at day 28, The effectiveness of anti-TNF-q, was
not confirmed in two randomized controlled trials test-
ing multiple doses of infliximab (10 mg/kg in weeks 0,
2, 4, associated with prednisolone 40 mg/d for 28 d)
or etanercept (25 mg s¢ 6 times over 3 wk), for associa-
tion with a higher probability of severe infections and
deaths®™". In summary, the role of anti TNF-g, agents
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is limited in the confines of the approved randomized
clinical trials.

Metadoxine

One specific drug that is useful in the treatment of
severe AH is metadoxine (pyridoxol L-2-pyrrolidone-
5-carboxylate). Pyrrolidone carboxylate is involved in
the amino acid metabolism through the glutathione
pathwaylszj. It facilitates de novo ATP synthesis and
prevents ATP decrease in the brain and liver of rats
acutely intoxicated with ethanol. Pyridoxine increases the
metabolic degradation rate of ethanol, thereby reducing
the damage to the cell functions caused by acetaldehyde,
the first metabolite in the ethanol elimination process.
It can also prevent glutathione depletion, lipid peroxida-
tion damage, collagen deposition and TNF-q, secretions
induced by alcohol and acetaldehyde in hepatocytes and
hepatic stellate cells®. A double-blind controlled trial
included 136 alcoholic patients diagnosed with fatty
liver who were randomly assigned to metadoxine (1500
mg/d) or placebo for 3 mo. A significant improvement
in the liver function tests was reported in both groups
at the end of the study. However, the improvement was
observed more rapidly in those randomized to meta-
doxine®™. More recently our group, in a retrospective
study of 94 alcohol dependent patients, who received
metadoxine for alcohol intoxication with a dose ranged
between 500-2000 mg/d and a petiod of 2-42 d, reg-
istered a significant improvement in the transaminase
levels, accompanied by the decrease in drinks per week
and craving level™. Further studies are needed for bet-
ter understanding of the potential role of metadoxine
to treat the ALD, and, in particular, the severe forms of
AH, and to define the exact dosage.

S-adenosylmethionine and other antioxidant

SAMe is a principal methyl donor for methyltransferase
reactions that regulates gene expression and facilitates
the generation of the antioxidant glutathione from ho-
mocysteine. The protective effects on the liver in the
course of alcoholic injury are also mediated by the main-
tenance of mitochondrial function and down-regulation
of TNF-q. Several data established the association of
an abnormal hepatic methionine metabolism with the
development of the ALD™. SAMe was studied in the
patients with liver cirrhosis. In a multicenter randomized,
double-blind trial, 123 patients were treated with SAMe
(1200 mg/d, orally) or placebo for 2 years. Mortality was
not reduced overall, but after the exclusion of a small
number of very advanced cases with Childs C cirrhosis,
a significant reduction in mortality was found. This study
has yet to be replicated, but SAMe is used sporadically
on the basis of these encouraging results and its safe
profile®™. Randomized, blinded, placebo-controlled stud-
ies assessed the effectiveness of Milk Thistle in chronic
ALD. The results of these trials might be conflicting and
confounded because of heterogeneity of the degree of
the disease severity and alcoholic intake or abstinence’,
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Pre-clinical studies showed that silymarin, the active
complex of this plant, play a role to protect against the
acute liver injury caused by ethanol administration””
Considering its safety profile, it could be developed as
an effective therapeutic agent for acute AH by its anti-
oxidative stress and anti-inflammatory features. For am-
bulatory patients, the antioxidant therapies may be con-
sidered in a motivated patient with a specific nutritional

support.

OTHER TREATMENTS

Nutrition

Alcoholic patients present a profound catabolic state
with malnutrition, secondary to anorexia and poor diet,
which can promote bacterial infections™. In fact, large
volumes of alcohol suppress the appetite. Many admit
that drinking is the main source of their calories in the
form of alcohol. However, nutritional support is recom-
mended in the patients with AH™. Tt improves the liver
function and the obtained results from histological analy-
ses might increase the sutrvival rates based on the results
of short-term follow-up studies. Nutrition should be
provided orally or viz a nasojejunal tube if nausea, vom-
iting, or encephalopathy are present. The patients with
AH also require multivitamin, folic acid and thiamine
supplementations. The formula of the enteral diet was
a low-fat diet in which medium-chain triglycerides and
oleic acid were accounted for most of its lipid content
and rich in carbohydrate and protein-derived calories”!
It was also suggested that combined treatment with en-
teral nutrition and GCs could improve the outcome of
the patients with severe AH™,

The maintenance of e fluids should be avoided.
These patients are often profoundly potassium depleted
due to the lack of an intake of potassium-containing
foods and hyperaldosteronism due to their liver disease.
The replacement of potassium may be required daily un-
til the serum potassium level is normal without supple-
mentation. If the patients with AH exhibit signs of fluid
retention, but the blood urea nitrogen and creatinine are
normal, spironolactone may be given, which increases
urinary excretion of sodium, water and serum potas-
1 Oral furosemide may, then, be added, once the
serum potassium normalizes without further need for
potassium supplementation. If azotemia occurs, diuretics
should be discontinued and the patients should be evalu-
ated for a hepatorenal syndrome. There may be a com-
ponent of malabsorption of vitamin K due to jaundice
in addition to poor synthesis of coagulation components
by the diseased liver. Three daily doses of vitamin K (10
mg) intravenously or subcutaneously usually decrease the
international normalized ratio (INR). Oral dosing of vi-
tamin K is not effective because of the poor absorption
in the setting of deep jaundicem. Finally, considering the
potential risk of Wernicke’s encephalopathy, the supple-
mentation with B-complex vitamins is needed" .

sium
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Baclofen
Total alcohol abstinence represents the cornerstone in
the treatment strategy for the patients affected by severe
AH. This point in the clinical practice is often problem-
atic, especially when these patients present a psychiatric
diagnosis of AUD. Medical recommendations and/or
brief interventions may not be sufficient to achieve and
maintain the abstinence when a diagnosis of dependence
is present. Therefore, the need to add pharmacological
approaches has been emphasized in the last decades. As
a consequence, pharmacotherapy of AUD is undergo-
ing a period of the scientific development. Several drugs
that can reduce alcohol craving, and consequently, can
increase abstinence and prevent alcohol relapse have
been evaluated®. In particular, disulfiram, naltrexone,
and acamprosate have been approved for AUD. How-
ever, these medications might worsen liver disease®.
Baclofen is a GABAB receptor antagonist that rep-
resents a new alcohol pharmacotherapy. Several pre-
clinical and clinical studies demonstrated that baclofen
could represent an effective drug to treat the AUD
patientsmés‘. In particular, this drug was shown to re-
duce alcohol withdrawal symptoms, as well as to reduce
alcohol craving and intake and to promote alcohol
abstinence!”. Notably, baclofen showed a safe profile
when administered to the alcoholics, including those
with liver cirrhosis. In a randomized, double-blind, con-
trolled study, we evaluated the efficacy of baclofen for
the maintenance of alcohol abstinence in 148 alcohol-
dependent patients with liver cirrhosis. The subjects
were randomized to either oral baclofen (10 mg 3 times
a day) or placebo for 12 wk. Of 42 patients treated with
baclofen, 71% achieved and maintained abstinence com-
pared with 29% of 42 patients assigned to the placebo
group”. The appropriate dosing of baclofen is still be-
ing debated. The secondary analysis with baclofen in the
patients without underlying liver disease, have shown a
dose-effect relationship of the drug on the reduction
of daily alcohol intake and on the number of drinks per
drinking day®. In this regard, it should be taken into ac-
count that the safety of the drug in the alcoholic patients
with alcoholic hepatitis has also been reported recently
by Avanesyan".

Liver transplantation

Orthotopic liver transplantation (OLT) is a possible
therapeutic option for severe AH in the non-responder
patients. The OLT is the last treatment option for the
patients with end-stage liver disease who have a greater
than 10% risk of dyingm]. The patients with severe AH
who do not respond to GCs or pentoxifylline have a
mortality of 50% to 75% within 6 mo"”. Several Cent-
ers have proposed that this is a rescue option for the
patients with severe AH who do not respond to medical
therapies. However, the risk of recidivism of AUD still
represents the major ethical concern about the useful-
ness of the OLT in alcoholic patients. The outcomes and
in particular the survival rate, are better than other caus-
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es of the end-stage liver disease, especially if recidivism
does not occur'™. Even when the recidivism is present,
the risks of developing the ALD and graft loss are un-
predictable, due to the modifications in the susceptibil-
ity to alcohol damage secondary to the OLT. A period
of 6-mo in total alcohol abstinence before the OLT is
proposed as a strategy to reduce the risk of recidivism.
However, this strategy is not evidence based and it is
not accepted worldwide®, Recently, a prospective multi-
center study showed that the early OLT clearly improved
the 6-mo survival in the patients with a first episode of
severe AH not responding to medical treatment’ V. In
our opinion, the 6-mo rule should not be considered as
a predictor of a recidivism risk, but as a recovery period.
In particular, with all its limitations, the 6-mo rule should
be used to test the possible improvement of liver func-
tion, which could avoid the OLT. When liver function
does not allow for a 6-mo waiting time, such as in the
patients with severe AH or with the advanced ALD, the
pre-OLT abstinence time should be shortened, at least in
the patients strictly followed by an alcohol addiction unit
(AAU)[MH. The management of the alcoholic patients
with the end-stage ALD listed for the OLT by an AAU
within a liver transplant Centre could represent a useful
strategy to reduce the risk of alcohol recidivism both
before and after the transplantation.

FUTURE PERSPECTIVES

ALD remains one of the major medical problems in the
individuals with AUD. The therapy of ALD and, in par-
ticular, of severe AH is a problem in a clinical practice
due to the complex of the pathogenetic mechanisms.
However, several options are now available and the use
of several system scores to define the severity of the dis-
ease can guide the physician to make a treatment strategy

in the function of the short-term survival. Recently, sev-
eral basic and pre-clinical studies have started to define
the cellular mechanisms involved in the liver disease pro-
gression and injury severity in a better way, including the
high rates of apoptosis, lipid peroxidation, generation
of free radicals and depletion of antioxidant capacity
of the liver”®”
do not reproduce all the pathological changes found in
humans with severe forms of the disease. In addition,
translational research using human samples have identi-
fied novel potential therapeutic targets, but the prevailing
pathogenetic pathways involved in the ALD are not de-
fined and the innovations in the treatment approach are
far to coming,

To the contrary, the most important goal of the ther-
apy and the prevention in the ALD is abstinence from
alcohol. In this regard, several data confirm the role of
baclofen to reduce alcohol craving, particularly in the
patients with the severe ALD. This drug is very interest-
ing because it has a low level metabolism by the liver and
appears to have few side effects, and presents the ability
to maintain significantly a higher number of the patients

|, However, the results in animal models
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in abstinence which is beneficial in the treatment of

the liver disease progtession and/or to consider for the

admission in an OLT program. To date, baclofen rep-

resents the only anti-craving medication formally tested

in a randomized clinical trial in the alcoholic patients
affected by liver cirrhosis, although additional confirma-
tory studies are warranted.
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Abstract

Chronic alcohol exposure can lead to alcoholic liver dis-
ease, including hepatitis, cirrhosis and hepatocellular
carcinoma, and chronic inflammation can simultaneously
cause systemic medical illness. Recent evidence suggests
that alcoholic liver disease is a predictor for liver-related
diseases, cardiovascular disease, immunologic disease,
and bone disease. Chronic inflammation in alcoholic liver
disease is mediated by a direct inflammatory cascade
from the alcohol detoxification process and an indirect in-
flammatory cascade in response to gut microflora-derived
lipopolysaccharides (LPS). The pathophysiology of alco-
holic liver disease and its related systemic illness is char-
acterized by oxidative stress, activation of the immune
cascade, and gut-liver interactions. Integrative therapeu-
tic strategies for alcoholic liver disease include abstaining
from alcohol consumption; general anti-inflammatories
such as glucocorticoid, pentoxifylline, and tumour necro-
sis factor-a, antagonist; antioxidants such as N- acetylcys-
teine; gut microflora and LPS modulators such as rifaxi-
min and/or probiotics. This review focuses on the impact

(4 9

Boishidengs  WIG | www.wjgnet.com

of chronic liver inflammation on systemic health problems
and several potential therapeutic targets.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Alcoholic liver disease; Oxidative stress;
Cardiovascular disease; Immunologic disease; Bone
disease

Core tip: Beyond the natural course in the liver, alco-
holic liver disease can be implicated in many health
problems that affect the quality of life and disease
progression. Evidence suggests that alcoholic liver
disease is a predictor for liver-related diseases, car-
diovascular disease, immunologic disease, and bone
disease. Chronic inflammation in alcoholic liver disease
and related systemic illness is mediated by a direct
response to alcohol and an indirect inflammatory re-
sponse. Alcoholic liver disease should be considered
from the perspective of chronic inflammation. Accord-
ingly, integrative therapeutic strategies including anti-
inflammatory targeting are needed for alcohol-induced
liver inflammation management and prevention of sys-
temic medical problems.

Park BJ, Lee YJ, Lee HR. Chronic liver inflammation: Clinical
implications beyond alcoholic liver disease. World J Gastroenterol
2014; 20(9): 2168-2175 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/19/2168.htm DOI: http://dx.doi.
org/10.3748/w;jg.v20.19.2168

INTRODUCTION

Chronic alcohol consumption is a major risk factor for
chronic liver disease wotldwide. Cardinal features of al-
coholic liver disease include simple fatty liver, alcoholic
hepatitis, fibrosis or, more seriously, cirrhosis and hepa-
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tocellular carcinoma. Alcohol has been recognized as a
true hepatotoxin, an agent able to cause liver damage,
for many yearsm. Although abstaining from alcohol is
the primary recommendation for managing alcoholic liv-
er disease, the chronic features of alcoholic liver disease
and its progression can affect a patient’s attitude toward
consumption. Alcohol is an important cause of hepato-
cellular carcinoma in Korea in addition to the hepatitis B
virus and the hepatitis C virus”. Additionally, up to 48%
of cirrhosis-related deaths have been associated with al-
cohol in the United States".

Recent evidence has determined that inflammation
is closely linked with development of alcoholic liver
disease” . Acute inflammation as a defense against
noxious stimuli is very important for homeostasis in
the body, whereas chronic exposure to an agent that
induces inflammation may cause a dysregulated or un-
resolved inflaimmatory response, which causes chronic
inflammation. Finally, various inflammatory components
can influence systemic medical conditions. The major
sources of chronic low-grade inflammation in alcoholic
liver disease are categorized as follows: a direct inflam-
matory cascade from the alcohol detoxification process
and an indirect inflammatory cascade in response to gut
microflora-derived lipopolysaccharides (LPS).

The liver plays a key role in detoxifying alcohol and
its related toxic products and is also responsible for im-
munologic effects. However, chronic alcohol consump-
tion can lead to alcoholic liver disease and simultaneous
systemic medical illness because of chronic inflamma-
tion. Beyond the natural course in the liver, alcoholic
liver disease can be implicated in many health problems
that affect the quality of life and disease progression.
Therefore, alcoholic liver disease should be considered
from the perspective of chronic inflammation. This
review focuses on the impact of chronic liver inflamma-
tion on systemic health problems and several potential
therapeutic targets.

CARDIOVASCULAR DISEASE

Emerging evidence suggests that alcoholic liver disease

predicts not only liver-related diseases, but also ath-
erosclerotic cardiovascular disease (CVD). Recent data
suggest that some pathogenic mechanisms are involved
in atherosclerotic CVD. In patients with alcoholic liver
disease, alcohol, acetaldehyde, and excessive free fatty
acids (FFA) in hepatocytes generate an excess of reac-
tive oxygen species (ROS). This formation leads to
lipid peroxidation, cytokine production, and hepatic
inflammation™, which contribute to a higher oxidative-
inflammatory response. Thus, alcoholic liver disease may
actively involve chronic low-grade inflammation in the
arterial wall”. Moreover, pro-inflammatory cytokines
such as tumor necrosis factor-oo (INF-q), interleukin-6
(IL-6), interleukin-8 (IL-8), and interleukin-17 (IL-17)
are produced by Kupffer cells in the liver in response
to LPS, which, in turn, play a key role in inducing acute
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phase reactants in the liver, such as C-reactive protein
(CRP), ferritin, and amyloid A", These inflammatory
cascades can also synergistically or interactively contribute
to arterial inflammation. Indeed, several epidemiologic
studies have shown that various inflammatory markers,
such as TNF-a and CRP, are elevated in patients with al-
coholic liver disease!”"". Furthermore, chronic low-grade
inflammation plays a crucial role in regulating arterial wall
tone by affecting the release of nitric oxide (NO) and
endothelin-1"""". These cascades may cause endothelial
dysfunction and alter arterial elastic properties, leading to
arterial stiffness. In addition, when a hepatic cell is dam-
aged, hepatic stellate cells also secrete angiotensin II M a
major pro-atherogenic and vasoconstrictive peptide that
acts on the arterial wall. The overproduction of hema-
tostatic factors such as plasminogen activator inhibitor-1
(PAI-1) may have a direct atherogenic effect on blood
vessels'™ in patients with alcoholic liver disease. Lastly,
chronic alcohol consumption has a tendency for in-
creased plasma homocysteine levels, albeit the results are
inconsistent according to amount and types of alcoholic
beverage consumed, or underlying diseases"”. However,
hyperhomocysteinemia induced by chronic alcohol con-
sumption may be one of the important risk factors for

CVD [20,21] )

IMMUNOLOGIC DISEASE

Recent research has shown that alcoholic liver disease

may alter immune regulation, which can lead to immuno-
. . .22 .. . -
deficiency and autoimmunity™. Additionally, individuals
with chronic alcohol consumption are more susceptible
[23-25] Th : 1
. There is also
an increased incidence of pulmonary tuberculosis or

human immunodeficiency virus (HIV) in patients with
[2628]

to bacterial pneumonia and septicemia

alcoholic liver disease . In addition, less common
infectious diseases such as meningitis, diphtheria, lung
abscess, or cellulitis are more prevalent in alcoholic liver
disease".

Alcoholic hepatitis and alcoholic liver cirrhosis have
been associated with autoimmune propertiesm]‘ Liver
function in patients with alcoholic hepatitis can decrease
for several weeks (at least two weeks) after abstinence
from alcohol, and resuming drinking after recovering
from alcoholic hepatitis can lead to more severe alco-
holic hepatitis. In this regard, autoantibodies against the
liver may be an important cause of the liver damage and
scarring in alcoholic liver disease.

Other autoimmune diseases or allergic reactions ate
also seen in alcoholic liver disease. Immunoglobulin A
(IgA) has been found in skin and kidney deposits as
well as the liver in many patients with alcoholic liver
disease™. Also, alcohol consumption contributes to im-
munoglobulin E (IgE)-mediated reactions in susceptible
humans, such as individuals with food allergies or asth-
ma®”. Chronic alcohol use has been found to increase
total IgE level® . Therefore, understanding altered
immunity and cytokines in alcoholic liver disease can be
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important for assessing potential immunologic risk and
could provide insight into therapeutic targets.

BONE DISEASE

Hepatic osteodystrophy is abnormal bone metabolism

that has been identified in association with chronic liver
disease, including such conditions as osteopenia, osteo-
porosis, and osteomalacia. The prevalence of osteopenia
in patients with alcoholic liver disease is between 34%
and 48%, and the prevalence of osteoporosis is between
11% and 36%"™. However, osteomalacia has rarely
been confirmed in patients with chronic liver disease and
low vitamin D level™".

Bone is a dynamic tissue that is remodeled through
constant bone resorption and formation. Bone turnover
accounts for up to 15% of the annual renovation of
total bone mass™. Decreased bone density, commonly
seen in hepatic osteodystrophy, results from decreased
bone formation or increased bone resorption. Bone
mineral density, measured by dual energy X-ray absorp-
tiometry, is reported with a Z score and T score; the
former is used to compare the patient’s bone mineral
density with an age-matched mean value, and the latter
is used to compare the bone mineral density with that of
healthy young individuals. Osteopenia is identified when
a T score ranges from -1.0 to -2.5, and osteoporosis is
defined by a T score < 2.5. Osteomalacia is characterized
by abnormal bone matrix mineralization, which can be
confirmed by bone biopsy. These metabolic bone diseas-
es are very common and can be important complications
in patients with alcoholic liver disease. Although the
mechanism of metabolic bone diseases remains com-
plex and multifactorial, osteoclastogenic inflammatory
cytokines, such as interleukin 1 (IL-1) and TNF-q, have
been known to have a key role in the pathogenesis of
bone metabolic disease that is related to alcoholic liver
disease™. Early assessment and therapeutic intervention
in patients with hepatic osteodystrophy can be important
for minimizing future fracture risk and maintaining the
quality of life.

PATHOPHYSIOLOGY

Oxidative stress

It is known that alcohol increases ROS, which are chemi-
cally reactive molecules that can damage various cellular
components such as proteins, lipids, or deoxyribonucleic
acid (DNA)™, Moreover, acetaldehyde, an intermediate
alcohol metabolite, is a highly reactive compound and is
highly toxic to hepatocytes, promotes glutathione deple-
tion, lipid peroxidation, and mitochondrial damageHHZJ.
Evidence suggests that oxidative stress can contribute to
the development of alcoholic liver disease and has been
associated with various major diseases including cardio-

vascular diseases, type 2 diabetes, neurodegenerative dis-
[43-46]

ease, and carcinogenesis
Although multiple mechanisms are involved in alco-

(49

Boishidengs  WIG | www.wjgnet.com

hol-related ROS production, cytochrome P450 E21 and
the mitochondrial electron transport chain are impor-

04794 Moreover, alcohol-derived ROS may
[49]

tant targets
directly trigger the systemic inflammatory response
ROS could activate nuclear factor kappa B (NF-kB),
which leads to production of inflammatory cytokines
such as TNF-q. Alcohol-derived ROS may play a role in
initiating a vicious cycle #ia the liver cell damage mecha-
nism with additional inflammatory cytokines and ROS
production®”. Therefore, alcohol-derived ROS may be
important for understanding systemic inflammation ac-
companied with alcoholic liver disease.

Activation of immunity

As described above, individuals with chronic alcohol
consumption are more susceptible to immunodeficiency
and autoimmunity. Understanding altered innate and
acquired immunity in alcoholic liver disease may be im-
portant for assessing the potential risk of opportunistic
infections and allergic diseases such as food allergies and
bronchial asthma.

Alcohol consumption causes gut microflora dysbio-
sis and bacterial over-growth and ultimately increases
gut permeability and the translocation of LPS from the
gut to the liver. In Kupffer cells, gut microflora derived-
LPS interacts with toll-like receptor 4 (TLLR4), and pro-
inflammatory cytokines and chemokines such as TNF-q,
IL-8, IL-17 are produced, leading to the production of
ROS and alcohol-induced liver damage[S]’Szl. Interest-
ingly, activation of TLR4 also induces Kupffer cells to
produce hepatoprotective cytokines such as IL-6 which
reduces hepatocyte necrosis-associated inflammation,
albeit having proinflammatory roles, and anti-inflamma-
tory cytokines such as interleukin-10 (IL-10)"". How-
ever, long-term alcohol consumption may generate lipid
peroxidation products such as malondialdehyde (MDA)
as a result of ROS cascades, which can modify man
proteins linked to the adaptive immune response[54’55].
Patients with alcoholic liver disease have increased levels
of circulating antibodies against lipid peroxidation prod-
ucts and increased numbers of T and B cells in the liver,
which contribute to adaptive immunity activation in al-
coholic liver disease™*.

Gut-liver interaction

Optimal functioning of the gut-liver axis depends on
healthy gut integrity and mucosal microflora and a
healthy liver; however, chronic alcohol exposure impairs
both gut and liver health. These changes affect each oth-
er and ultimately contribute to the increased blood levels
of LPS, or endotoxemia, in patients with alcoholic liver
disease. Major inducers of chronic low-grade inflamma-
tion in alcoholic liver disease are broadly summarized
as a direct inflammatory injury from alcohol and its me-
tabolites or an indirect inflammatory injury in response
to LPS. The microflora-derived LPS enters systemic cir-
culation in two different ways, either »iz a portal vein or
through gastrointestinal lymphatic vessels™". Most LPS
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Figure 1 Schematic of liver inflammation. LPS: Lipopolysaccharides; ROS: Reactive oxygen species; ACH: Acetaldehyde; TNF-a.: Tumor necrosis factor-a; IL-1p3:

Interleukin-1B; IL-17: Interleukin-17; IL-8: Interleukin-8.

in the lymphatic system move through mesenteric lymph
nodes and eventually enter the systemic circulation at the
thoracic duct opening, whereas most LPS in the portal
vein can be detoxified and excreted.

Alcohol can alter gut integrity and permeability in
both direct and indirect manners. Alcohol and its me-
tabolites such as acetaldehyde can ditectly alter both gut
permeability and microflora content and composition.
Alcohol and acetaldehyde can weaken the intestinal epi-
thelial barrier, such as tight junctions between intestinal
enterocytes. Moreover, increased gut permeability in
alcoholic liver disease may be aggravated by increased
expression of inducible nitric oxide synthase (iNOS)
and NF-kB, which, in turn, enhance the translocation of
LPS between tight junctions of adjacent enterocytes™.
This increased gut permeability is also called leaky gut
syndrome (LGS). Patients with alcoholic hepatitis com-
monly show elevated LPS levels in plasma, implicating a
crucial role of LPS-induced inflammation in the patho-
genesis of alcoholic liver disease®”. Thus, alcohol facili-
tates the translocation of endotoxin from the intestinal
lumen to the portal vein, thereby aggravating the risk of
liver injury.

Individuals with chronic alcohol use are motre sus-
ceptible to small intestinal bacterial overgrowth and
dysbiosis compared to counterpart non-alcoholics or
abstainers”"*. Excessive alcohol ingestion facilitates the
overgrowth of Gram-negative bacteria, contributing to
increased endotoxin levels™. In addition, micronutri-
ent deficiency, such as zinc, is common in alcoholic liver
disease, which adversely affects the integrity of the intes-
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tinal epithelium'™, More recently, evidence suggests that
increased gut permeability may be an important factor in
the pathogenesis of alcoholic liver disease.

As intestinal permeability increases, endotoxin and
other bacterial toxins increase the sensitivity of Kupffer
cells to LPS stimulation in the liver, where increased pro-
inflammatory cytokines lead to neutrophil activation,
increased sinusoidal permeability, generation of ROS,
and mitochondrial damage in the liver'. These cascades
may cause systemic low-grade inflammation in addition
to liver inflammation (Figure 1).

THERAPEUTIC TARGETS

General anti-inflammatories

The first-line therapy for alcoholic liver disease is alco-
hol abstinence with nutritional support™*. However,
therapeutic lifestyle changes are not easy in clinical prac-
tice and may not be sufficient for some patients. Corti-
costeroids, pentoxifylline, and TNF-¢, antagonist have
been identified as therapeutic agents for severe alcoholic
hepatitis. Among them, corticosteroids and pentoxifyl-
line are currently recommended”’. Glucocorticoids could
reduce immune activation by blocking cytotoxic and
inflammatory signal pathways, and pentoxifyllin plays
an anti-inflammatory role as a non-selective phosphodi-
esterase inhibitor and TNF-q, suppressor®. Although
TNF-q has been regarded as a predictor for the severity
of alcoholic hepatitis and TNF-q, antagonist reduces
liver damage in alcohol-fed animals, clinical trials with
TNF-q antibody have not shown consistent results .
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Figure 2 Alcohol-induced liver inflammation management and prevention of systemic medical problems. LPS: Lipopolysaccharides; ROS: Reactive oxygen

species.

TNF-o antibody or corticosteroids may induce a condi-
tion that causes patients to be susceptible to infections
because of immune suppression”’()g]. Pentoxifylline may
be considered in patients with severe alcoholic hepatitis
who cannot use corticosteroids'”.

Antioxidants

Antioxidants such as N-acetylcysteine have been reported
to reduce inflammatory markers and liver fat accumula-
tion in alcohol-fed animals™. §-adenosylmethionine
could increase cellular antioxidant glutathione in pa-
tients with alcoholic liver disease”. Betaine, precursor to
S-adenosylmethionine, has also been reported to attenu-
ate alcoholic liver disease". In clinical trials, S-adeno-
sylmethionine has shown improved survival in patients
with less advanced liver cirrhosis”™ but has not been
consistently effective in treating alcoholic liver disease.
Antioxidants including phytochemicals such as resvera-
trol and carotenoids are successful for treating alcohol-
fed animals, but lack convincing benefits in human
patientsmm. Oxidative stress may be more pronounced
in early stages of alcoholic liver disease, which is found
in most animal models, but plays a minor role in later
stages of alcoholic liver disease. Actually, administration
of antioxidants cocktail has shown inferior survival rates
compared to corticosteroid administration in patients
with severe alcoholic hepatitis'”.

Gut microflora and LPS pathway

The gut-liver interaction has been identified as an im-
portant interaction for liver health and prevention of
systemic inflammation. In this regard, the modulation of
gut microflora and LPS pathway could be used to treat
alcoholic liver disease™™" (Figure 2). For the former,
probiotics and bioactive extracts may provide therapeutic
benefit in patients with alcoholic liver disease™™. In ad-
dition, non-absorbable antibiotics such as rifaximin and/
or probiotics can modify the gut microflora and help
reduce the risk of hepatic encephalopathy[s”. For the lat-
ter, TLR4 antagonists that modify the LPS pathway have
been proposed as therapeutic materials for chronic liver
disease™
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Other therapeutic considerations

Several surrogate agents for treating alcoholic liver
disease are being investigated. Global suppression of
inflammatory responses could lead to undesirable side
effects such as immune suppression. Therefore, specific
anti-inflammatory targeting may be more promising,
Recent studies have shown that 1L.-22 has hepatoprotec-
tive properties including antioxidant, anti-steatotic, and
anti-microbial effects™. Moreover, the 11.-22 receptor
exists only on epithelial cells such as hepatocytes, and
side effects that target this receptor may be minimal.
Also, IL-8 and I1.-17 have been related to neutrophil in-
filtration, TNF-o augmentation, and autoimmunity™*,
Therefore, based on the cytokine and immune cell pro-
files, specific intervention may merit serious consider-
ation to reduce the inflammatory response with minimal
side effects.

CONCLUSION

Chronic inflammation in alcoholic liver disease and re-
lated systemic illness is mediated by a direct response to
alcohol and an indirect inflammatory response to gut mi-
croflora-derived LPS, leading to a stronger oxidative-in-
flammatory response. In addition to alcohol abstinence,
integrative therapeutic strategies to reduce inflammatory
cascades may be needed to treat and prevent alcoholic
liver disease.
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Abstract

Since its introduction, endoscopic ultrasound (EUS)
guided fine needle aspiration and fine needle biopsy
have become an indispensable tool for the diagnosis of
lesions within the gastrointestinal tract and surround-
ing organs. It has proved to be an effective diagnostic
method with high accuracy and low complication rates.
Several factors can influence the accuracy and the di-
agnostic yield of this procedure including experience of
the endosonographer, availability of onsite cytopathol-
ogy services, the method of cytopathology preparation,
the location and physical characteristics of the lesion,
sampling techniques and the type and size of the needle
used. In this review we will outline the recent studies
evaluating EUS-guided tissue acquisition and will provide
practical recommendations to maximize tissue yield.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Endoscopic ultrasound; Fine needle aspi-
ration; Endoscopic ultrasound guided sampling tech-
niques; Cytological diagnosis; Core biopsy device; Gas-
trointestinal endoscopy
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Core tip: The impact of the type and size of needles
used for endoscopic ultrasound guided-guided tissue
acquisition have been the center of recent studies aim-
ing at maximizing tissue yield. In addition to needles,
several other variables impact the final outcome of tis-
sue acquisition including the location and characteris-
tics of the lesion, the fine needle aspiration technique,
and the availability of on-site cytopathology services.
In this review we outline the results of these studies
and summarize the recent advances in this field.

Karadsheh Z, Al-Haddad M. Endoscopic ultrasound guided
fine needle tissue acquisition: Where we stand in 2013? World
J Gastroenterol 2014; 20(9): 2176-2185 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i9/2176.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.2176

INTRODUCTION

Endoscopic ultrasound guided fine needle aspiration
(EUS-FNA) was initially described in 1992 and soon
became the procedure of choice to obtain diagnostic
samples from lesions within the GI tract and regional
orgalz’“. EUS-FNA is highly accurate, sensitive and
specific with estimates reaching 80%, 90% and 100%
respectively for cytological diagnoses”™™. However, the
diagnostic accuracy of EUS-FNA can be influenced by
several factors including the experience of the endo-
sonographer, the availability of onsite cytopathology
review, the method of cytopathology preparation, the lo-
cation and physical characteristics of the lesion, and type
and size of the needle” . Currently, three needle sizes
are commercially available including 19-G, 22-G and
25-G?. To choose a particular needle size, one should
consider the location and the type of lesion targeted
for sampling, in addition to the type of sample desired,;
whether a cytological or histological sample is necessary
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Figure 1 A 25-G needle is used to aspirate a 2 cm pancreatic head mass that does not appear to encase the portal vein (A), adenocarcinoma confirmed on
wet smears obtained from the first pass in the case above (B). Papanicolaou stain, x 40.

to establish the diagnosis. Currently, the 22-G needles
are probably the most widely used; however, a recent
trend toward increased utilization of the smaller 25-G
needle has been observed in many centers, particulatly in
scenatios where a transduodenal sampling is considered.
Theoretically, larger needles can provide larger size tis-
sue samples; however, technical difficulties are more fre-
quently encountered with larger needles. This is largely
related to the stiffness of the needle, leading to sampling
failures of lesions located in areas that require significant
angulation of the echoendoscope. Larger needles also
carry higher risk of complications"” and could increase
the “bloodiness” of sample, which can make the diagno-
sis by cytology more challenging;

The type of lesion also impacts the choice of needle
to be used. For example, stromal tumors and lympho-
mas can be difficult to diagnose by cytology alone, and
sometimes require samples with preserved tissue archi-
tecture to make a diagnosis'>'". Obtaining an adequate
histological sample is theoretically difficult with smaller
needles. To overcome this, a Trucut biopsy needle (TCB:
Cook Medical, Bloomington, IN, United States) was de-
veloped using larger size 19 G needles”. However, this
needle was limited by difficulties encountered with larger
needles such as stiffness, reduced maneuverability, and
failure of the spring-loading mechanism, and therefore
failed to establish itself when transduodenal approach
for sampling was requjredllsj. More recently, a new gen-
eration of core biopsy devices of various sizes (ProCore,
Cook Medical, Winston-Salem, NC, United States) in
addition to another flexible 19-G needle made of nitinol
(Expect 19-gauge Flex, Boston Scientific, Natick, MA,
United States) were introduced to obtain histological
samples including those from lesions that require trans-
duodenal approach with promising results"”.

In addition to needle size, sampling technique can in-
fluence the quality of a specimen. Variations in sampling
techniques utilized by endosonographers include the use
of suction versus no suction and fanning technique to
obtain specimens. Reinserting the stylet versus air flush-
ing are techniques employed to express the sample prior
to cytopathology exam.

(49
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In the following sections we will focus on recent liter-
ature comparing vatious needle types and sizes and their
impact on quality of specimens in relation to the loca-
tion and type of lesion. We will also review the different
sampling techniques used by endosonographers and how
such techniques may affect the quality of samples.

SAMPLING METHODS AND TECHNIQUES

Variations in technique of EUS-guided FNA have been
recently assessed to identify the sampling method with
the highest yield. Common examples to such methods
include the use of suction, adopting the fanning tech-
nique, use of stylet, and expressing samples using air
flushing or by reinserting the stylet.

Use of suction

The traditional FNA technique that relies on suction
utilization was recently questioned. Lee ¢z a/*” compared
the quality and diagnostic yield of samples obtained
with and without suction in 81 patients with pancreatic
masses. In this study, each patient had specimens taken
with and without applying suction. The number of di-
agnostic samples, cellularity, and accuracy were found
to be higher in the suction group. In another trial with
similar results”, 52 patients with solid mass lesions were
randomized to FNA with either suction or no suction.
Sensitivity and negative predictive values were higher in
the suction group compared to the non-suction group (P
= 0.05).

Practically speaking, the decision to use suction should
depend on the nature of the targeted lesion. In highly
vascular lesions such as lymph nodes, a non-suction tech-
nique may result in a better quality and less bloody sample,
particularly for the on-site cytopathologist to be able to
render a preliminary diagnosis. On the other hand, ap-
plying suction when aspirating a fibrotic malignant lesion
of the pancreas (Figure 1) or in the setting of chronic
pancreatitis may provide a supetior sample quality™ ",
We recommend applying suction duting the first pass and
then tailoring the use of suction and the amount of based
on feedback from the cytopathologist. It is always recom-
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mended that aspiration should be applied in cystic pan-
creatic lesions to obtain sufficient fluid for cytology and
tumor markers.

Use of stylet and fanning technique

It’s widely assumed that using a stylet while going through
the gut wall during the initial puncture helps prevent
clogging of the needle’s lumen by tissue from the wall,
and potentially reduces the contamination of lesional
tissue with GI wall components. Therefore, it remains
a common practice to re-insert the stylet before every
pass. Data comparing the adequacy of EUS-FNA with
and without stylet remain limited. Wani ez a/* retrospec-
tively compared EUS-FNA specimens obtained using
the stylet to those obtained without using a stylet in
terms of cellularity, contamination, adequacy, amount of
blood and the diagnostic yield. No difference between
the two techniques was found in relation to the variables
studied. The authors’ recommendation was against the
use of stylet. The use of stylet is considered to be labor
intensive and time consuming (particularly with 25-G
needles), which could prolong procedure time.

When puncturing a lesion, endosonographers should
attempt to sample multiple areas within the same lesion
during every pass, a technique referred to as fanning,
During this technique, the needle track is slightly altered
during every from movement by modulating the up and
down dial of the echoendoscope or by using elevator.
Bang ez al™ compared this technique to the standard
one in sampling 54 solid pancreatic masses, and found
fanning to be superior by establishing diagnosis in fewer
numbers of passes, and resulted in higher first pass diag-
nostic rate of (85.7% vs 57.7 %, P = 0.02).

Number of passes

To date, no definite number of passes to achieve the
highest diagnostic yield has been established yet for
various lesions. Nevertheless, increasing the number
of passes has been associated with higher diagnostic
yield””. Most studies have shown that 5-7 passes would
be adequate in solid lesions””. In general, fewer passes
are required when sampling highly vascular lesions such
as lymph nodes compared to solid masses like pancreatic
tumors”*. For example, seven passes have resulted in a
sensitivity and specificity of 83% and 100% respectively
in solid pancreatic masses, while, in the case of lymph
nodes, five passes provided a sensitivity and specificity
of 77% and 100% respectivelypoj. For cystic lesions, it
is recommended that the lesion be completely aspirated
until it collapses #ia a single puncture.

On-site cytopathology evaluation

The availability of rapid on-site cytopathology evalu-
ation can improve the sampling process by reducing
the number of passes needed and the frequency of
inconclusive diagnoses. A feedback from an on-site cy-
topathologist can dictate whether additional passes are
needed to procure a better quality specimenm. To evalu-
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ate the effect of an on-site cytopathology examination
on sample quality and the need to repeat the procedure,
Collins e# a/™ compared cytological outcomes from pan-
creatic mass FINAs done in the presence of an on-site
cytopathologist with those without. The presence of an
immediate on-site cytopathology exam resulted in a sig-
nificant impact on the diagnostic yield; where only 2.9%
of the procedures needed to be repeated compared to
5.8% when an on-site cytopathologist was unavailable.
Additionally, definitive diagnosis in the repeated proce-
dures was achieved more frequently in procedures where
an onsite cytopathology evaluation was present (67% vs
27%). Several other studies supported the presence of
on-site cytopathology evaluation and showed improved
adequacy of samplesmm. In comparison, fewer studies
showed that the presence of an on-site cytopathology
failed to translate into significant improvement to EUS-
FNA outcomes™"".

Method of sample expression
The traditional method of expressing FNA samples is
via air flushing the needle. Recently, this was compared
to the method of reinserting the stylet in a study by Lee
et al™ Samples expressed by the two techniques were
compared in terms of quality, cellularity and bloodiness.
Bloodiness was less in the air-flushed group compared
to the reinserting-the-stylet group (P = 0.02), but quality
of samples and cellularity were similar in both groups.
Similar results were reported by Rastogi ¢ a/™ in a ran-
domized controlled trial as well as by Sahai e# a/””.
Reinserting the stylet remains a common practice de-
spite being time consuming and could potentially be as-
sociated with increased risk of needle stick injury[2’9’38’39].
Based on the results of the above studies, stylet reinser-
tion could be reserved to conditions when the sample
is dry or clotted and cannot be expressed by air flush-
ing[zo’?’}], which is not infrequent with 25-G needles.

Key points: Application of suction during sampling can
increase the cellularity and the diagnostic yield particu-
larly in solid fibrotic lesions. In highly vascular lesions
a non-suction technique can reduce the bloodiness of
the sample. Fanning technique can reduce the number
of passes required to reach a diagnosis. Expression
techniques have minimal impact on the sample’s quality;
however, air flushing seems to be less labor intensive.
Use of stylet during the initial puncture or to express the
sample has not been associated with improved specimen

quality.

Needle size: FNA needles are commercially available in
19, 22 and 25-G sizes. Among all the variables that could
impact the diagnostic outcome of EUS-FNA, needle
size remains probably the most exhaustively evaluated.
The most commonly used needle is the 22-G, although
recently the 25-G needles have gained popularity in
many centers due to their ease of use and recent data
showing diagnostic equivalence compared to 22-G nee-
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dles. In the following section we will discuss in details
the choice of a particular needle size as it relates to the
location of the lesion, type of the specimen and overall
the quality of sample.

Location of the lesion

The location of the lesion can direct the sampling ap-
proach, and in some instances the size of the needle to
be used. Approximately 65% of pancreatic cancers are
found in the head or uncinate processw. Such tumors
are best visualized and sampled through the duodenum,
whereas lesions in the pancreatic body and tail are best
evaluated through the stomach. In the duodenum, an-
gulation of the echoendoscope tip is often required to
maintain apposition with the mass. This position creates
more resistance and makes the use of stiffer, larger 19-G
needles challenging,

Itoi e al" objectively evaluated the resistance of
19-G Tru-cut, traditional 19-G, 22-G and 25-G aspira-
tion needles during insertion and advancement under
variable conditions of the echoendoscope (straight and
angulated endoscope position, endoscope tip angulation,
and while using of the elevator). In this trial, lower resis-
tance was encountered with the 22-G and 25-G needles
under almost every position compared to the conven-
tional 19-G needle and 19-G Tru-cut needle. Addition-
ally, the maneuverability of the scope itself was found to
be reduced when using the 19-G needles.

To minimize resistance during transduodenal sam-
pling, it is recommended to maintain the scope in a short
position whenever possible. While the scope might be
less stable at this position, it facilitates needle advance-
ment out of the scope and penetration of the lesion. To
improve stability of the scope, air suction or an inflated
balloon could help bring the duodenal wall closer to the
probe and further stabilize the tip of the scope during
FNA.

Type of specimen

EUS-FNA remains the standard procedure for sampling
pancreatic masses, in addition to other lesions like subep-
ithelial tumors and enlarged lymph nodes. In most cases,
cytology alone is adequate to reach a diagnosis. However,
BEUS-FNA has certain limitations. First, on-site cytopa-
thology is not available in many centers. Second, certain
conditions such as lymphoma, mesenchymal tumors, and
well-differentiated adenocarcinomas can be difficult to
diagnose by cytology alone™* and a core biopsy (Trucut
biopsy; TCB) with well-preserved tissue architecture may
be essential for the diagnosisl43’45j. Third, the negative
predictive value of EUS-FNA is relatively low, and there-
fore does not exclude malignancy in all negative speci-
mens. In the last decade, a spring-loaded 19-TCB needle
(Quick-core; Cook Medical, Winston-Salem, NC, United
States) has been developed to overcome the limitations
of FNA and procure larger quantities of tissue for his-
tologic analysis'™. Larghi ¢z a/*” evaluated this needle in
23 patients with pancreatic masses. The overall success
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rate was 74% (17/23), however the success rate was sig-
nificantly lower in transduodenal approach compared with
transgastric approach. A larger study by Thomas ez a* in-
cluded 113 patients and showed a diagnostic accuracy of
EUS-TCB of 68%. In this study there was no significant
difference in the diagnostic yield for lesions procured by
cither transduodenal or transgastric approach. Based on
a decade of experience, the use of this device has been
mainly recommended in certain conditions where prior
studies have shown better diagnostic compared to FNA
yield such as lymphomam] and autoimmune pancreati-
tis™. The routine use of such device as an adjunct to
FNA sampling was limited by the difficulty in operating
it due to its stiffness and mechanical failures associated
with its spring-loading mechanism.

To overcome some of the limitations associated with
obtaining TCBs, a new series of fine needle biopsy needles
has been developed (Procore, Cook Endoscopy, Winston
Salem, NC) with reverse bevel technology to improve
tissue acquisition. Iglesias-Garcia ez al™ evaluated the 19
G Procore needle of this series in a study that included
114 lesions. Adequate histological samples were obtained
in 89% of lesions with overall diagnostic accuracy of
over 85%. Transduodenal biopsy was successful in 33
of 35 cases (94%). However, technical difficulties were
encountered when the needle was used transduodenally
and in many cases the needle had to be advanced out of
the scope in the stomach before reaching the duodenum.
A prospective trial is currently underway to compare the
performance and diagnostic yield of this and the older
TCB device (Quick-core).

In another study, Bang ez al™ compared FNA using
standard 22-G aspiration needle 22-G Procore needle
for sampling solid pancreatic masses in 56 patients (Table
1). The trial showed no significant difference between
the two devices in procurement of the core tissue (100%
vs 83.3%, P = 0.26) or the presence of diagnostic histo-
logic specimens (66.7% vs 80%, P = 0.66). No difficulty
in performing transgastric or transduodenal biopsies was
reported in this study using the ProCore needle. In an-
other trial by Larghi ez al™, adequate histological samples
were obtained in 54 out of 61 patients (88.5%) using the
Procore needle.

The ability of standard FNA needles to provide ad-
equate histological samples has been evaluated as well.
In one trial, Rong ez al’" found that histologic adequacy
of the standard 22-G needle was superior to the 25-G
one in sampling pancreatic masses (70.4% »s 61.1%, P =
0.33) and submucosal tumors (74.1% vs 55.6%, P = 0.18).
However, diagnostic accuracy did not differ between the
two needles (80.0% »s 78.9%) when both needles were
used on the same patient.

In evaluating the ability of the 19-G needle to ob-
tain histological specimens, Yasuda ez a/*” reported 98%
accuracy of EUS-FNB using the conventional 19-G
needle in diagnosing patients with unknown lymph-
adenopathy. In patients with lymphoma, the needle
provided sufficient tissue to classify their lymphomas in
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Figure 2 Flexible 19-G needle. A: 2 cm rectal subepithelial lesion was found to originate from the muscularis propria on endoscopic ultrasound guided and is
sampled using a flexible 19-G needle in this figure; B: A core liver biopsy was obtained using a flexible 19-G needle is a patient with elevated transaminases; C: His-
topathological assessment of the core biopsy obtained in the case above confirmed steatohepatitis without significant fibrosis. Adequate histopathology sample was

obtained and stained positively for CD-117, confirming gastrointestinal stromal tumor; H and E stain, x 2.

Table 1 Rate of histologically adequate specimens procured using the 3 common size fine needles in recent literature

Ref. Needle size Number of patients Histological adequacy Location of biopsy
Bang et al® 22-GFNA 28 66.7% Pancreas
22-G FNB 28

Yasuda et al™ 19-G 104 98.0% Lymph nodes
Rong et al™ 22-G 54 70.4% Pancreas

25-G 54 61.1% Pancreas

22-G 27 74.1% Submucosal tumors

25-G 27 55.6% Submucosal tumors
Larghi et al®™ 19-G 120 97.5% Various
Varadarajulu et al'"” 19-G' 38 94.7% Subepithelial masses

Pancreatic (head and uncinate lesions)

'A flexible Nitinol based needle was used in all procedures. FNA: Fine needle aspiration; FNB: Fine needle biopsy.

accordance with the World Health Organization clas-
sifications in 88% of them. In another trial, adequate
histological samples from solid masses were obtained in
97.5% of patients using the 19-G needle®™. However,
this study excluded patients with pancreatic head and
uncinate masses that required transduodenal approach
for sampling.

The stiffness of 19-G needles has been recently
reduced in a new needle made of nitinol (Expect
19-gauge Flex, Boston Scientific, Natick, MA, United
States). Nitinol is an alloy made of Nickel and Tita-
nium, used in the construction of biliary endoprosthe-
sis. The properties of this needle include resistance to
deformation and high elasticity, which facilitate tissue
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sampling when the tip of the echoendoscope is in an
angulated position. Two recent studies evaluated the
clinical performance of this flexible 19-G needle (Figure
2" The first study by Varadarajulu ef al™ included
38 patients in whom 32 had pancreatic head or uncinate
lesions. There were no technical failures reported in this
trial, and histological samples were satisfactory in 94.7%
of patients. In another multi-center trial published in
abstract form, the needle was used in a variety of ap-
plications, with similar high technical success and histo-
logical adequacy rates””.

Key points: Histological specimens are necessary for
the diagnosis and appropriate classification of certain
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Table 2 Quality of samples using different needle sizes as reported by recent studies

Ref. Needle size Number of patients Location of lesion Result
Lee et al™ 22-G and 25-G 12 Pancreas and peripancreatic No difference between the two needles in terms of cellularity (P = 0.84)
Siddiqui et al®™  22-G and 25-G 131 Pancreas No significant difference in diagnostic yield (P = 0.18)

(22-G = 64 patients)
(25-G = 67 patients)

Fabbri et al™” 22-G and 25-G 50 Pancreas No significant difference in diagnostic accuracy 94% vs 86%
Imazu et al™ 22-G and 25-G 43 Pancreas, lymph nodes, Similar overall diagnostic yield
submucosal tumors 22 > 25 in submucosal lesions (80% vs 60%)
25-G > 22-G in pancreatic lesions (91.5% vs 75%)
Camellini et al™ 22-G and 25-G 127 Pancreatic, lymph nodes  No significant difference in sample adequacy overall (77.8% vs 78.1%)
and subepithelial tumors Pancreatic lesions: 25-G > 22-G (87.8% vs 76.7 %)

Subepithelial lesions: 22-G > 25-G (55.5% vs 20%)
Lymph nodes: 22-G > 25-G (100% vs 60%)

Sakamoto et al™  19-G, 22-G 24 Pancreas 19-G and 22-G > 25-G in adequacy of samples for histological diagnosis
and 25-G 25-G had better diagnostic accuracy in pancreatic head and uncinate
lesions
Song et al! 19-G and 22-G 117 Pancreatic and peripan- Sample quality and cellular material: 19-G > 22-G (P = 0.03)

creatic lesions

conditions such as lymphoma, stromal cell tumors and nical failures.
well-differentiated cancers. New generation of fine In a large prospective randomized study, Camellini
needle core biopsy devices of various sizes facilitate et al™ compared 22 with 25-G needles in 127 solid le-
transduodenal sampling and have been associated with sions with salvage crossover for inadequate passes or
high technical success rates and adequate histological upon failure of puncturing the lesion. The number of
sampling; passes made and specimen adequacy was not different
between the 2 needles. More cross overs from 22 to
Quality of sample 25-G needles were observed in uncinate process masses
Sample quality depends on several vatiables, including due to technical failures. This study suggested superiority
experience of the endosonographert, the availability of of the 25-G needle in obtaining samples through trans-
onsite cytopathology review, the method of cytopathol- duodenal approach.
ogy preparation, the location and physical characteristics Fewer studies included 19-G needles for assessment
of the lesion, and size of the needle” ™. Among all these of specimen quality. Sakamoto ez a/'"¥ included 19-G
factors, needle size continues to receive most attention ~ TCB needle in their study that compared it to 25-G and
as an independent factor that could impact the diag- 22-G needles in 24 patients with solid pancreatic masses.

nostic yield of EUS-FNA. Comparing the quality of The 22-G and 19-G TCB needles were supetior to the
samples and diagnostic yield of the different needle sizes 25-G needle (P < 0.05) in providing adequate histologi-

have been the focus of recent studies, most of which cal diagnosis in technically successful cases. However, the
compated 22-G with 25-G needles™ ™ with fewer stud- 25-G needle was superior in overall diagnostic accuracy
ies including 19-G needles™" (Table 2). particularly in lesions in the pancreatic head and unci-

Lee et al™ (12 patients), Siddiqui ez a/ 131 patients) nate process. In another randomized study including 117
and Fabbri ez al” (50 patients) compared the quality of patients with pancreatic and peripancreatic masses”’ the
samples and the diagnostic yield of the 22-G and 25-G traditional 19-G and 22-G needles were compared. Tech-
needles in pancreatic lesions™ " and peri-pancreatic nical failure occurred in 5 out of 60 patients who were
lesions™. The studies by Lee e# al”™ and Fabbri et al” randomized to the 19-G needle, all of which arose when
provided a comparison of the two needles in the same sampling pancreatic head or uncinate process lesions.
lesion. In all three studies, there was no significant dif- Those masses were successfully sampled once crossed
ference in diagnostic yield between the two needles. over to 22-G needles. Excluding those with technical

On the other hand, Imazu ef a/*” found that the failures, the overall diagnostic accuracy was higher in the

quantity of specimens obtained by the 22-G needle was 19-G group (94.5% vs 78.9% P = 0.02). Sample quality
overall higher than the 25-G needle, which resulted in was also superior in 19-G needle group (P = 0.03).

a higher diagnostic yield in patients with submucosal

tumors, where histological sample is essential for diag- Key points: Needle size can influence the quality of
nosis. However, in patents with pancreatic lesions, the samples of EUS-FNA. 22-G and 25-G needles appear
diagnostic yield of the 25-G needle was higher. This to be equivalent in sampling capabilities. 19-G needles

was believed to be the result of the tissue characteristics appear to be capable of providing superior tissue quan-
of solid pancreatic lesions which are typically hard in tity and quality compared to 22 and 25-G needles, but
consistency and a smaller needle may provide an easier carry a higher chance of technical failure when utilized
puncture and lead to better sample quality and less tech- for transduodenal sampling.

(4 9

Boiohidengs  WJG | www.wijgnet.com 2181 March 7, 2014 | Volume 20 | Issue 9 |



Karadsheh Z et a/. EUS-quided fine needle tissue acquisition

COMPLICATIONS OF EUS-GUIDED

TISSUE ACQUISITION

Complications of EUS-FNA are rare and include bleed-
ing, infection, and acute pancreatitis, which collectively
occurs in about 2%-3% or less of procedures™*. Ad-
ditionally, there have been few case reports of tumor
seeding after FNA although this remains very rare™ ",
Theoretically, the larger the needle size and the higher
the number of passes made, the higher the likelihood
of complications. Nevertheless, a recent meta-analysis'*”
that included 51 studies failed to demonstrate a statistical
difference in rate of adverse events associated with 19-G
needle as compated to 22 and 25-G needles.

To date, few studies have evaluated the specific fac-
tors associated with increased incidence of adverse
events. One study of 316 patients'® found that post-
procedural adverse events are higher when accessing
pancreatic lesions smaller than 20 mm in size. This can
be explained by the fact that smaller lesions can be more
difficult to access, and require longer time of penetra-
tion and higher number of passes, all of which can
increase the risk of damaging the normal surrounding
tissues. The same study showed that certain cancers such
as neuroendocrine tumors are associated with higher in-
cidence of complications after EUS-FNA, probably due
to the highly vascular nature of such lesions. Other vati-
ables such as patients’ age, needle size, lesion location
and number of passes did not have an impact on the
incidence of adverse events. It should be noted that due
to the very low overall rate of EUS-FNA related compli-
cations, a rather large sample size is required to demon-
strate any potential increase in complication rates when
using larger size needles. In addition, certain complica-
tions like bleeding following FNA remain subclinical and
rarely result in hospitalizations or further interventions.
In general, it is always recommended that the diagnosis
be made with smaller needles and minimal number of
passes in order to avoid any unnecessaty risks.

RECENT ADVANCES IN EUS-GUIDED
TISSUE ACQUISITION

The recent technological developments in EUS equip-
ment employ physical concepts of ultrasound in an at-
tempt to improve the diagnostic yield of this procedure
while maintaining its high safety profile. One glaring
example is the use of real-time sono-elastography, which
is a technique that measures tissue elasticity through
calculation of tissue strain'”. Due to the fact that tissue
elasticity is often altered when replaced by cancer, EUS
elastography can detect small tumors and malignant
lymph nodes and this can direct FNA to high yield sites.
This can be particularly useful in the setting of chronic
pancreatitis, which is estimated to be present in up to
20%-35% of patients undergoing FNA for pancreatic
lesions'"*", This also can be of value when EUS-FNA
is negative for malighancy when the suspicion of can-
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. 71-75
cer remains strong[ ’| Other recent advances such as

tridimensional (3D) EUS, contrast-enhanced EUS and
EUS spectrum analysis have minimal or no role in tissue
acquisition but can provide better visualization of pan-
creatic masses. This can positively impact the FNA out-
come due to better differentiation of malignancies from
other inflammatory conditions.

Genetic mutations have been studied as adjunct
markers to aid in the diagnosis of pancreatic cancers.
The most practical example in relation to FNA of pan-
creatic cancer is K-ras mutation, which has been the
focus of several studies to evaluate its impact on the
diagnostic yield of FNA"™, K.ras oncogene is activated
by somatic point substitution and considered as an initial
event in pancreatic carcinogenesis[79], and K-ras muta-
tion can be found in 90% of patients with this disease.
In a recent prospective series including 394 pancreatic
masses, Ogura ez al™ found that combining K-ras muta-
tion analysis with cytopathology increased the sensitivity
of EUS-FNA from 87% to 93% (P < 0.001) and the
accuracy from 89% to 94% (P < 0.001) for the diagnosis
of pancreatic ductal adenocarcinoma. In this study, out
of the 39 patients who were undiagnosed using cytol-
ogy, K-ras was detected in 18 patients (46%). In a recent
meta-analysis” . which included 8 studies with 931 pa-
tients undergoing EUS-FNA of pancreatic masses, the
pooled sensitivity and specificity of EUS-FNA were 80
and 97% respectively; the estimated sensitivity and speci-
ficity of K-ras mutation analysis were 76.8% and 93.3%
respectively, and 88.7% and 92% when cytology and
K-ras mutation analysis were combined. Overall, K-ras
mutation testing applied to cases that were inconclusive
by EUS-FNA reduced the false-negative rate by 55.6%,
with a false-positive rate of 10.7%. In addition to K-ras
oncogene, a number of tumor suppressor genes were
found to be affected by genetic alteration in pancreatic
cancer such as p53, pl6 and DPC4. Those, in addition
to K-ras have been shown to increase the sensitivity of
pancreatic cancer detection to up to 90%-100% in cases
where FNA was inconclusive! ™. Due to the relative
high diagnostic accuracy of standard EUS-FNA as well
as the relatively high cost and limited availability of these
genetic tests, the use of genetic testing of EUS-FNA
samples has been limited to research protocols and in-
conclusive cytopathology specimens.

CONCLUSION

EUS-guided tissue acquisition has evolved to become an
indispensible tool for the diagnostic work up of gastro-
intestinal malignancies and other non-malignant disor-
ders. High sensitivity, specificity and diagnostic accuracy
coupled with low rates of adverse events have made this
procedure more suitable than other invasive ones such as
CT-guided biopsies. The quality of sample acquired by
EUS is influenced by numerous factors, including needle
size and sampling techniques. Recent studies have dem-
onstrated the adequacy of FNA specimens provided by
25-G needle compared to other needles and this should

March 7, 2014 | Volume 20 | Issue 9 |



Karadsheh Z et a/. EUS-quided fine needle tissue acquisition

be strongly considered in transduodenal sampling.
Larger size needles like 19-G appear to provide better
sample quality overall, but can be associated with techni-
cal failures in the transduodenal approach and potentially
higher rates of complications. New flexible 19-G needles
and newly designed core biopsy devices appear capable
of delivering adequate histopathology samples when this
is needed for the diagnosis.
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Abstract

Pancreatic cancer is the second most common abdomi-
nal cancer in North America with an estimated 20%
resectability at diagnosis, and overall 5-year survival
of 5%. Pain is common in pancreatic cancer patients
with 70%-80% suffering substantial pain. Celiac plexus
neurolysis (CPN) is a technique that can potentially im-
prove pain control in pancreatic cancer while prevent-
ing further escalation of opioid consumption. CPN is
performed by injecting absolute alcohol into the celiac
plexus neural network of ganglia. This review sets out
to explore the current status of CPN in non-resectable
pancreatic cancer. We will examine: (1) the efficacy
and safety of percutaneous-CPN and endoscopic ultra-
sound guided-CPN; (2) specific technique modifications
including bilateral (vs central) injections and celiac
ganglia neurolysis; and (3) the issue of CPN timing,
early at pancreatic cancer diagnosis vs traditional late
use as salvage therapy.
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Core tip: The efficacy of salvage celiac plexus neuroly-
sis (CPN) either by percutaneous or endoscopic ultra-
sound (EUS) guided technique has been modest in
its ability to reduce pain and narcotic requirements in
patients with unresectable pancreatic cancer, and few
studies with rigorous methodology exist. Data for early
EUS-CPN at time of diagnosis appears to prevent pain
escalation while moderating narcotic use and future
studies should explore CPN for patients before rescue
therapy is needed. Reports of serious and fatal compli-
cations of CPN have surfaced in recent years.

Wyse JM, Chen YI, Sahai AV. Celiac plexus neurolysis in the
management of unresectable pancreatic cancer: When and how?
World J Gastroenterol 2014; 20(9): 2186-2192 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/19/2186.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.19.2186

INTRODUCTION

Pancreatic cancer is the second most common abdomi-
nal cancer in North America with an estimated number
of 45220 new diagnoses and 38460 deaths in the United
States in 2013"". The high mortality rate is due in part to
the aggressive nature of the tumor and its asymptomatic
disease progression leading to delayed diagnosis with
an estimated 20% resectability at diagnosis, and overall
5-year survival of 5%%”. Pain is common in pancreatic
cancer patients with 70%-80% suffering substantial
painH"ﬁ]. As a result, systemic analgesic therapy (SAT)
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usually including opioid medication is central to the
management of unresectable pancreatic cancer. How-
ever, pain can often become intractable and refractory
to narcotics leading to dose escalation and opioid associ-
ated side effects”™.

Celiac plexus neurolysis (CPN) is a technique that
can potentially improve pain control in pancreatic cancer
while preventing further escalation of opioid consump-
tion™"”. CPN is most often performed by injecting local
anesthetic followed by absolute alcohol into the celiac
plexus neural network of ganglia with intention to ablate
the tissue transmitting pain from the pancreas and ad-
jacent visceral organs. In current clinical practice, it has
been used almost exclusively as salvage therapy when
pain control is inadequate with SAT". CPN modalities
include surgical splanchnectomy, percutaneous (PQ)-
CPN, and endoscopic ultrasound guided (EUS)-CPN.
Surgical splanchnectomy/intra-operative celiac plexus
neurolysis can be performed on those not deemed in-
operable preoperatively but will not be reviewed in this
papet. The two most commonly practiced routes are the
posterior PQ-CPN usually under CT or fluoroscopic
guidance and EUS-CPN. There has been much contro-
versy as to which route and which specific techniques
should be the gold standard based on efficacy and safety.
This is partially due to a lack of well-designed random-
ized controlled trials and lack of studies directly compar-
ing the two modalities. Furthermore, there is recent data
to suggest that using CPN as salvage therapy may not be
the only or best option and that early CPN, performed
at the time of diagnosis, may prevent or slow the spiral
of increasing pain and opioid consumption“zj.

This review sets out to explote the current status of
CPN in non-resectable pancreatic cancer. We will exam-
ine: (1) the efficacy and safety of PQ-CPN and EUS-
CPN; (2) specific technique modifications including bi-
lateral (»s central) injections and celiac ganglia neurolysis
(CGN); and (3) the issue of CPN timing; eatly at pan-
creatic cancer diagnosis ss traditional late use as salvage
therapy.

PQ-CPN

Pain control
Initial meta-analyses regarding the use of PQ-CPN in
controlling pain due pancreatic cancer showed conflict-

ing results and are limited to mostly retrospective and
uncontrolled studies"”'™'*. Since then, several RCTs
have been published of which 5 (265 patients) from
1993-2008 were analyzed in a recent systematic re-
view™" ™. They demonstrated statistically significant
improved pain level in the PQ-CPN group compared to
SAT at 1-2 wk by -0.87 [95%CI: -1.47-(-0.28), P = 0.004],
and at 4 wk by -0.47 [95%CI: -0.71-(-0.23), P = 0.0001].
At 8 wk however, the statistical difference was lost -0.31
(95%CIL: -0.74-0.12) and similarly no study showed ben-
efit at 12 wk''™. A previous meta-analysis, by Yan e 4/,
also comprised of 5 RCTs (302 patients, 3 studies ovet-
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lap with Nagels ez a/“g]) including one intra-operative neu-
rolysis™*'*"***!l This analysis found pain improvement
at 2, 4 and 8 wk of -0.34 (95%CI: -1.03-0.34, P = 0.33),
-0.50 [95%CI: -0.85-(-0.15), P = 0.005], and -0.60 [95%Cl:
-0.82-(-0.37), P < 0.00001] respectively.

Regardless of the statistical significance found at dif-
ferent time points between these often heterogeneous
studies within 2 meta-analyses, it is striking that all of
the point estimates are less than one. A decrease of less
than one point on a pain scale is unlikely to be clinically
significant and questions whether the procedure is ben-
eficial at all. The difficulty in interpreting the true clinical
significance lies in the fact that opioid consumption (see
below) is a direct confounder of pain and both pain and
opioid use are routinely analyzed with univariate statisti-
cal models. If opioid consumption were to simultane-
ously decrease or even remain unchanged relative to the
SAT groups then the difference in pain corrected for
opioid use may become clinically significant (data un-
available).

Opioid consumption

To allow for some comparison, data from the 2 above
meta-analyses will be used. Nagels e# al™ found an ab-
solute reduction in opioid use compared to SAT at 2 wk
of -44.64 mg [95%CI: -72.74-(-16.54), P = 0.002], 4 wk
-72.41 mg [95%CI: -86.14-(-58.68), P < 0.00001], 8 wk
-70.02 mg [95%CI: -104.05-(-36.00), P < 0.0001] and
one study at 12 wk (105 £ 65 mg »s 169 £ 71 mg, P <
0.00)™. Yan ez a/” found similar findings of decreased
opioid use with PQ-CPN at 2 wk -39.99 mg [95%CI:
-60.08-(-19.91), P < 0.0001], 4 wk -53.69 mg [95%CI:
-79.65-(-27.73), P < 0.0001] and 8 wk -80.45 mg [95%CI:
-134.66-(-26.24), P = 0.004].

Some of the above differences in opioid require-
ments do seem clinically significant, but as mentioned,
to measure their true benefit a bivariate or multi-variate
analysis would be necessary. These studies also did not
convincingly show a decrease benefit in opioid related
side effects. However, as discussed below this patient
population has symptoms impacted by numerous factors
including multiple medications, psycho-social stressors,
and mobility. Therefore, to isolate constipation (for ex-
ample) as strictly a narcotic induced side-effect is likely
inappropriate.

Quality of life

Finally, when assessing the effect of PQ-CPN on quality
of life (QOL), the data is inconclusive with some studies
suggesting an improvement while others failing to dem-
onstrate a significant difference®*'>'*1%1,

It is important to note that the patient population
being dealt with are palliative patients at the end of their
life. Pain is an extremely complex entity at baseline,
and its complexity is only enhanced in patients with a
growing and spreading tumor who are facing their own
mortality. Although the overall impact on QOL remains
controversial, a modest pain reduction in the context of
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clinically significant opioid reduction may still be very
meaningful. Furthermore, the QOL scales used varied
widely and could not be easily combined in any meta-
analysis, and the QOL categories themselves within
these scales would not be expected to improve by better
pain control alone. A simple question such as “did this
procedure improve your life in a meaningful way?” may
have more appropriately assessed its worthiness. Never-
theless, these concepts and issues still bring into ques-
tion whether PQ-CPN as a last resort in salvage therapy
should be recommended to these patients.

EUS-CPN

EUS-CPN has emerged as a promising approach to
CPN that has the potential for better visualization of the
celiac plexus through close proximity and real-time high-
resolution ultrasound, possibly allowing for more precise
and safer injections. However, the data supporting this
approach once again in the context of salvage therapy
are limited to uncontrolled retrospective studies. Wierse-
ma and Wiersema™ were the first to describe EUS-CPN
in 58 patients and showed modest improvement in pain
control up to 12 wk following therapy. More specifically,
45 patients (78%) experienced a decrease in pain score
independently of narcotic use. Since then, there have
been several other observational studies (with no control
group) examining EUS-CPN in relieving pain due to
pancreatic cancer”™?, In a systematic review of these
studies, a significant pain reduction was noted at weeks
2, 4, 8, and 12 with a mean difference in pain score of
-4.26 [95%CI: -5.53-(-3.00)], -4.21 [95%CI: -5.29-(-3.13)],
-4.13 [95%CI: -4.84-(-3.43)], -4.28 [95%CI: -5.63-(-2.94)]
respectively“g]. This is consistent with a meta-analysis,
which showed a pain reduction in 80% of the patients
following EUS-CPN for pancreatic cancer’”". EUS-CPN
studies showed relatively stable or slightly lower opioid
requirements that paralleled this pain reduction!*"™"";
however, there is no randomized controlled study for
BEUS-CPN used specifically as salvage therapy despite
these promising data.

ADVERSE EVENTS ASSOCIATED WITH
CPN
PQ-CPN

It is important to distinguish common or even expected
side effects from CPN complications. Frequent minor
adverse events associated with PQ-CPN are believed to
be due to disturbances of the autonomic system result-
ing from ablation of the celiac plexus and sympathetic
blockade leading to unopposed parasympathetic activity.
One study estimated diarrhea (9%), hypotension (8%),
constipation (40%), nausea and vomiting (41%), and
lethargy (49%)”. Pain at the site of injection (96%) has
also been frequently reported”. Rare complications are
described in case reports and include lower neurological
deficit (weakness and paresthesia), pneumothorax, and
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hematuria; and are estimated to occur at 20" Paraple-
gia itself is believed to occut secondary to needle trauma
or vasospasm induced by the injection of alcohol into
the artery of Adamkiewicz leading to ischemic cord
injury via the anterior spinal artery. Paraplegia has been
reported in the literature and is estimated to occur in less
than 0.15% of the cases™.

EUS-CPN

Data on adverse events of EUS-CPN are limited to small
retrospective studies and case reports. Similar minor peti-
procedural events such as transient hypotension were
described in 3 case seties and estimated at 11% . Di-
arrhea was noted in 4 studies in approximately 1892202,
Transient abdominal pain was described in case series at
rates varying from 1.5% to 8%##2 Theoretically,
EUS might be the safer modality. Its anterior approach
through the gastric wall allows for direct passage of the
needle into the target area while visualizing and avoid-
ing vascular structures, without having to traverse the
retrocrural space near other vital organs. Although initial
reports (prior to 2012) of serious adverse events were
lacking, there have been a number of severe complica-
tions recently reported in the literature. Gimeno-Garcia
et al™” reported the first fatal complication with EUS-
CPN in the context of chronic pancreatitis leading to
celiac artery thrombosis and vasospasm resulting in
multi-organ ischemic injury and death. Subsequently, 2
additional reports of ischemic injury and death following
EUS-CPN, were also believed to be due to injection of
ethanol into the celiac artery leading to Vasospasml31’32].
Other reported complications include retroperitoneal
bleeding, and 2 cases of paraplegia[3o’33’34].

Overall, although EUS may potentially enhance preci-
sion of injections, no conclusions can be made regarding
the safer modality without head to head studies with PQ-
CPN. Furthermore, serious fatal complications although
rare are not unavoidable with EUS-guided therapy.

PQ-CPN VS EUS-GUIDED CPN

There are no studies directly comparing EUS-CPN and
PQ-CPN in the management of pancreatic cancer. Effi-
cacy of celiac plexus block (CPB) for chronic pancteati-
tis pain (using an anesthetic agent T steroids as opposed
to ethanol in neurolysis for pancreas cancer) remains
controversial. However, two RCTs comparing EUS and
PQ-CPN in CPB for chronic pancreatitis have suggested
greater efficacy with EUS-CPB than PQ-CPB™™. Gress
et al” studied 20 patients showing greater and more pet-
sistent pain relief up to 12 wk post-treatment favoring
EUS-CPB. Major weaknesses in this study; however, in-
clude its small sample size and unblinded methodology.
Santosh e# @/ performed a larger, single-blinded RCT
involving 56 patients favoring EUS-CPB over PQ-CPB
for initial pain relief with 70% »s 30% responding to
treatment respectively. Pain relief was also shown to be

March 7, 2014 | Volume 20 | Issue 9 |



Wyse IM et a/. Celiac plexus neurolysis for unresectable pancreatic cancer

more persistent with 38% »s 10% having significant pain
relief at 12 wk. Although data from these RCTs of CPB
in chronic pancreatitis are not directly applicable to CPN
in pancreatic cancet, they do suggest a potential supetior
efficacy with they do suggest a potential supetior efficacy
with EUS in terms of drug delivery. Trials comparing
PQ and EUS-CPN are certainly needed.

BILATERAL OR UNILATERAL CPN AND
CGN

Bilateral vs unilateral/central neurolysis

Unilateral neurolysis is accomplished by a single injection
into the base of the celiac artery takeoff. This technique
may not adequately expose celiac ganglia to ethanol as it

is now appreciated that the majority of ganglia are be-
tween the celiac artery and left adrenal gland™,

Bilateral injection, is performed by injecting into both
sides of the celiac plexus by torqueing the echoendo-
scope to each side of the celiac artery and advancing the
injection needle parallel to its trajectory. Although there
is potential for more adverse events due to greater needle
movement, the bilateral approach has been shown by
some to be more effective in providing pain relief. In a
prospective cohort study comparing unilateral »s bilateral
CPN or CPB, the bilateral technique achieved signifi-
cantly more pain relief »s unilateral (mean percent pain
reduction) 70.4% (61.0, 80.0) ss 45.9% (32.7, 57.4), P =
0.0016, at day 7 post treatment. Although this is a short-
term study the onset of neurolysis effect begins soon
after the nerve ablation, therefore a comparison between
two techniques at 7 d can still be revealing. The only pre-
dictor of a > 50% pain reduction was bilateral injection
[odds ratio 3.55, (95%CI: 1.72-7.34)]"". Furthermore a
meta-analysis also suggested superiority of pain reduc-
tion with bilateral injection over central injection, 85.54%
vs 45.99% respectivelym. A subsequent RCT comparing
the two approaches in pancreatic cancer in 50 patients
did not suggest a significant difference in terms of pain
control or adverse events. However, there was a trend to
neatly a 30% increase in duration of effect (11 wk »s 14
wk) in favor of bilateral, a result, which may have been
limited by sample size"™. Furthermore, the point estimate
for central/unilateral seemed high at 69% (compated to
approximately 45% in other studies) and may have pre-
vented a difference from being detected. One must keep
in mind that meta-analyses of the highest quality studies
for both PQ-CPN and EUS-CPN included almost only
the bilateral technique[6’27]. The bilateral technique also re-
quires significant advancement on cither side of the celiac
artery and may be operator dependent. Finally, two other
studies also support the notion that injection deeperm]
and along both sides of the celiac axis provide better pain
relief*'!. Although there is no definitively proven supetior
technique, we favor the bilateral technique given the sum
of the above evidence as well as the concept of wider
distribution of the ethanol near areas where ganglia are
most commonly found.
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Central ganglia neurolysis

Recent developments in EUS equipment have improved
resolution such that injection directly into celiac ganglia is
possible in certain patients. One prospective study in 200
patients undergoing diagnostic EUS demonstrated a rate
of celiac ganglia detection of 81%, Figure 1", Another
study demonstrated a ganglia visualization rate of 89%
in 57 patientsl43j. These percentages seem high in our
experience nevertheless exemplify the real possibility of
visualizing ganglia. Since ganglia are collections of nerve
bodies and glial cells, injections into these structures have
the potential to obliterate more neurons successfully,
possibly leading to greater pain suppression. Levy ef al™
provided preliminary data on EUS-CGN demonstrating
its safety and effectiveness in achieving significant pain
relief in 94% of the subjects with pancreatic cancer. In
addition, a retrospective analysis of EUS-CPN and CGN
found that visualization of celiac ganglia was the best
predictor of response to therapym. Recently, an RCT
comparing EUS-CGN »s EUS unilateral CPN showed
substantial greater pain relief in the CGN group (73.5%
vs 45.5%, P = 0.026) with similar adverse events””.
However, the comparison was not against bilateral injec-
tion and the response rate with CGN s unilateral was
remarkably similar to the bilateral »s unilateral technique
referenced above 70.4% (61.0, 80.0) »s 45.9% (32.7, 57.4),
P =0.0016"".

Overall, supetior efficacy of EUS-CGN is possible
but unproven, especially compared to bilateral injection.
This also lends biologic plausibility to bilateral injection
being more efficacious than central since the ganglia
frequently “and remove” as very are located lateral to
the celiac artery and may be injected with the bilateral
technique even when not visualized. CGN is also not
possible via PQ-CPN. With EUS-guided CGN, although
the drug is injected into the ganglia, it is conceivable
that drug also diffuses beyond the targeted ganglia and
destroys adjacent, invisible ganglia. Also, variation in
equipment, make and model significantly impact abil-
ity to visualize ganglia and so success rates cannot be
generalized. At this time we do not recommend CGN as
a standard for CPN technique as it does not provide a
wider distribution of the ethanol over the bilateral tech-
nique, but does add a degree of technical complexity
and dependence on quality of equipment.

TIMING OF CPN: EARLY (NEAR TIME OF
DIAGNOSIS) VS TRADITIONAL SALVAGE
THERAPY

We hypothesize that one of the primary reasons why
the magnitude of effect shown for salvage CPN is often
seen as marginal and not clearly clinically meaningful
is that it is offered “too late”. Once pancteatic cancer
has progressed causing increasing pain and tolerance to
narcotics, a true rescue is unlikely to occur. The postu-
lated advantage of eatly therapy therefore is to prevent
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Figure 1 Three celiac ganglia are demonstrated in each image (arrows). SMA: Superior mesenteric artery.

or minimize both pain progression and narcotic dose
escalation and tolerance. We addressed this issue in the
first sham controlled RCT comparing early EUS-CPN
(at the time of diagnosis) for unresectable pancreatic
cancer s standard SAT"?, The difference in absolute
mean change in pain between the early and salvage
therapies wetre -1.0 [95%CI: -1.7-(-0.1)] at 1 mo and
-2.2 [95%CI: -3.1-(-1.4)] at 3 mo favoring the early CPN
group. Despite starting with a lower pain level than
salvage therapy trials the absolute decrease in pain was
greater than those found in the PQ-CPN RCTs above,
and statistically significant at 3 mo. For difference in
mean percent change in pain score the EUS-CPN group
trended at 1 mo and was significantly greater at 3 mo as
well, -28.9% (95%CI: -67.0-2.8, P = 0.09), and -60.7%
[95%CI: -86.6-(-25.5), P = 0.01] respectively. In the SAT
group, morphine use increased compared with baseline
at both 1 mo (mean absolute change in MEQ consump-
tion +54 mg [95%CI: +20-(+96)] and particularly at 3
mo (mean absolute change in MEQ consumption +100
mg [95%CI: +49-(+180)]. In the EUS-CPN group,
morphine use also increased at 1 mo (mean change in
MEQ consumption +53 mg [95%CI: +28-(+89)], but
plateaued by 3 mo (mean change in MEQ consumption
+50 mg [95%CI: +28-(+79)]. Comparing groups, EUS-
CPN did not significantly reduce narcotic use at 1 mo,
however, at 3 mo post-procedure there was a strong
trend towards lower opioid consumption in the CPN
group -49.5 mg (95%CI: -127.5-7.0, P = 0.10). Impor-
tantly, patients who did not receive subsequent radia-
tion ot chemotherapy demonstrated greater difference
between groups. For example, a significant reduction
in narcotic consumption was noted at 3 mo -144.5 mg
[95%CI: -290.0-(-30.0)] (Table 1). The stronger results
in patients who did not undergo adjuvant therapy un-
detlies that this therapy with its inherent benefit to the
patient, diluted the magnitude of effect of CPN alone.
Therefore, data from this RCT suggest that eatly EUS-
CPN prevents pain escalation while moderating narcotic
use. Compared to all of the studies using salvage ther-
apy, both PQ and EUS-CPN, these results seem very
favorable.
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CONCLUSION

Severe and intractable pain refractory to traditional SAT
is a common occurrence of non-resectable pancreatic
cancer. Pain control is crucial in the management of
this population with several retrospective studies and a
handful of RCTs demonstrating greater pain relief with
equal and/or decteased opioid tequitements with CPN
(PQ or EUS). Although there are no head to head trials
comparing EUS to PQ-CPN, data comparing the two
modalities for CPB in chronic pancreatitis suggests EUS
may be superior. Despite no conclusive data suggesting
superiority, EUS does offer the potential for enhanced
visualization of important vital structures and of celiac
ganglia should CGN studies become more robust. Given
the sum of the evidence and with wider distribution of
ethanol in areas where ganglia are known to reside, we
favor bilateral CPN over central injection. However this
superiority is still controversial and central injections
are certainly acceptable if the echoendoscopist is more
comfortable with the latter. CGN cannot yet be recom-
mended given inconsistent visualization of ganglia and
the lack of trials compared to t