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Preface

Liver cirrhosis represents the ultimate state of hepatic dysfunction, where a variety 
of different etiologies lead to the same state of liver failure. The complex nature of 
the various etiologies, as well as the critical role of hepatic physiology, necessitate 
a multimodal approach towards diagnosis and management, especially since it is a 
disease affecting millions of patients of all ages around the globe. It is understand-
able that during this process, several debates arise, which ultimately have led to 
significant contributions in the management of liver cirrhosis.

This book provides an overview of all the above with chapters presenting the 
different etiologies of cirrhosis, the significant complications seen in these patients 
requiring complex management, as well as the issue of liver transplantation, which 
remains the ultimate cure. Its value lies in the fact that the authors present us with 
their distilled wisdom, which is the result of substantial experience and daily 
involvement in this most difficult field of medicine and surgery.

Overall, this book should be a useful resource for any physician, whether they are in 
training or in practice, treating patients with hepatic diseases.

Georgios Tsoulfas, MD, PhD, FICS, FACS
Associate Professor of Surgery,

Aristotle University of Thessaloniki,
Thessaloniki, Greece
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Chapter 1

Noninvasive Biomarkers for the 
Diagnosis of Liver Fibrosis and 
Cirrhosis
Dorothy Rosique-Oramas, Moises Martinez-Castillo,  
Carolina Guzman, José Luis Pérez Hernández, 
Jacqueline Cordova-Gallardo, Luis Very-Pineda, 
Fatima Higuera-De La Tijera, Daniel Santana-Vargas, 
Eduardo Montalvo-Jave, Francisco Sanchez-Avila,  
Paula Cordero Perez, Linda Muñoz-Espinosa, 
David Kershenobich and Gabriela Gutiérrez-Reyes

Abstract

The clinical importance of monitoring liver fibrosis lies in the morbidity and 
mortality of the chronic liver diseases in relation to the stage and progression of 
fibrosis. Whether the fibrosis stabilizes or regresses depends on the specific treat-
ment. Liver biopsy, the current standard for the diagnosis, has implicit limitations 
due to sampling heterogeneity. There are noninvasive imaging methods, such as 
transient elastography that measures the stiffness of the liver, but it has some limita-
tions (feasibility and unreliability), particularly in obese patients. FibroTest is the 
most widely used noninvasive serological method worldwide which is efficacious in 
the extreme stages of fibrosis, but these methods cannot discern intermediate stages. 
Liver fibrosis is a dynamic response that involves multiple cellular and molecular 
events with an excessive deposit of extracellular matrix. Even though there is much 
information on the pathophysiology of fibrosis, that knowledge is still incomplete, 
greatly hindering the development of both an accurate treatment and a noninvasive 
diagnostic method with adequate sensitivity for all the stages of fibrosis. It is known 
that IGFBP participates in liver homeostasis, and thus these proteins can be used as 
serum biomarkers during the progression of liver fibrosis in chronic hepatitis C.

Keywords: liver fibrosis, inflammation, fibrolysis, noninvasive diagnosis

1. Introduction

The etiologic factors that mainly induce liver fibrosis are alcoholic liver disease 
(ALD), chronic hepatitis C (CHC), and nonalcoholic fatty liver disease (NAFLD). 
Fibrogenic response can be organized in four different phases according to dam-
age evolution: activation, production of extracellular matrix proteins (ECM), and 
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deposition and degradation of ECM by hepatic stellate cells (HSCs) [1]. The inef-
ficient resorption and control of ECM components promote the establishment and 
progression of fibrosis inducing the distortion in the architecture of the hepatic 
parenchyma.

Moreover, the regulation of wounding response is orchestrated by complex 
activities within different cells that include HSC, macrophages, myofibroblasts, 
cells derived from bone marrow, and fibrocytes [1–3]. The main type of ECM 
proteins produced by HSC comprises collagens, fibronectin, laminin, hyaluronan, 
proteoglycan, and other elements [3, 4]. It has been extensively reported that liver 
fibrosis progresses to cirrhosis in 20% of patients; furthermore, if the damage is not 
controlled, approximately 10% of people can progress to carcinoma hepatocellular, 
which usually causes death in all the cases [5].

The clinical importance of monitoring liver fibrosis progression is correlated 
with the reduction of morbidity and mortality of the chronic liver diseases [6]. 
Whether the fibrosis stabilizes or regresses depends on the specific treatment of 
the underlying disease, and the grade of fibrosis is a treatment indicator [4]. The 
clinical evidence documenting the fate of HSC during fibrosis regression in humans 
is limited, compared to the extensive evidence in animal models [4, 6, 7]. Promising 
studies showed strong evidence that the opportune and precise identification of 
the etiology and degree of liver fibrosis could be crucial for decision-making in the 
management and treatment.

Liver biopsy has been considered the keystone for the diagnosis of fibrosis and 
inflammation, necrosis, and iron deposition [8]; however, this invasive procedure 
has implicit important limitations due to sampling heterogeneity and possible surgi-
cal complications, variability in the interpretation by pathologists, elevated costs, 
and the difficulty of tracking the evolution of the disease [9, 10]. Furthermore, 
biopsy is not recommended in patients with ascites, coagulopathy, diabetes, meta-
bolic syndrome, and ALD [11–13]. For these reasons, in the last years, the medical 
and research groups have evaluated novel noninvasive strategies to discriminate the 
liver pathologies.

2. Diagnosis of liver fibrosis

Noninvasive measures of liver fibrosis have streamlined the management 
of patients with CHC [6]. Imageology methods, such as transient elastography 
(FibroScan™), which measures the stiffness of the liver, have received great 
acceptance by clinicians and patients. Clinical trials showed that FibroScan results, 
which are expressed in kPa, reported similar results to that of METAVIR score 
during biopsy interpretation of liver fibrosis in patients with CHC [10]. Moreover, 
this procedure has also been validated in chronic hepatitis B, NAFLD, alcoholic liver 
disease, primary biliary cirrhosis, and primary sclerosing cholangitis  
[14, 15]. However, this methodology also has some limitations such as feasibil-
ity and unreliability, particularly in obese patients or under the circumstances of 
limited operator experience [16]. Furthermore, it is important to consider that 
this strategy is contraindicated during pregnancy, ascites, and implanted cardiac 
pacemaker patients [10].

A variety of “direct” serum markers reflecting ECM turnover (fibrogenesis and 
fibrolysis) and/or fibrogenic cell changes have been developed and used clinically 
[17]. In this sense, the multiple analyses of proteins and clinical trials provide valu-
able information of liver stage. FibroTest index is within the most accepted world-
wide noninvasive serological method in the diagnosis of liver fibrosis by CHC, 
CHB, and NAFLD [17]. For this analysis are computed five surrogate parameters: 
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total bilirubin, haptoglobin, gamma-glutamyltranspeptidase (GGT), alpha2-mac-
roglobulin, and apolipoprotein-A. It is important to mention that the validation 
of any surrogate parameter needs to be validated by the calculation of the area 
under the receiver operating characteristic curve (AUROC) using liver biopsy 
as reference [8]. Systematic analysis of several studies revealed that FibroTest 
displayed an excellent discrimination to identify cirrhosis with AUROC = 0.90 but 
showed a lesser ability to identify ≥F2 fibrosis stages (AUROC = 0.81). The authors 
conclude that this index is not ready to substitute liver biopsy in the intermediate 
stages [18]. Additionally, some limitations such as cost and external validation are 
documented.

Even though there is much information on the pathophysiology of fibrosis, 
that knowledge is still incomplete, greatly hindering the development of both an 
accurate treatment and a noninvasive diagnostic method with adequate sensitivity 
for all the stages of fibrosis. Such a method must also be able to be performed with 
the necessary frequency to establish disease progression or regression, as well as the 
changes that occur in the processes, such as chronic inflammation, fibrogenesis, 
and fibrolysis. Based on our knowledge of fibrosis pathogenesis, attention is now 
directed towards strategies for antifibrotic therapies and regulatory challenges for 
conducting clinical trials with these agents. New therapies are attempting to: (1) 
control or cure the primary disease or reduce tissue injury; (2) target receptor-
ligand interactions and intracellular signaling; (3) inhibit fibrogenesis; and (4) 
promote resolution of fibrosis. Progress is urgently needed in validating noninva-
sive markers of fibrosis progression and regression that can supplant biopsy and 
shorten the duration of clinical trials. Both scientific and clinical challenges remain, 
however, in the past three decades of steady progress in knowledge liver fibrosis.

This entails analyzing the molecules involved in these processes along with 
the participation of proteins such as insulin-like growth factor binding proteins 
(IGFBPs). Recently, IGFBP-1 and insulin-like growth factor (IGF) have been 
proposed as markers for advanced fibrosis in NAFLD [19]. However, the completed 
evaluation of IGFBPs in liver diseases is not fully understood.

3. Insulin-like growth factor (IGF) complex

The IGF is a family of proteins with high sequence homology to insulin. The 
IGF system functions as an endocrine, paracrine, and autocrine regulatory axis for 
cell proliferation, survival, and apoptosis in different types of cells [20]. In general, 
the IGF system consists of two surface receptors (IGF1R and IGF2R), two ligands 
(IGF-1 and IGF-2), and a family of IGFBPs [20, 21].

Liver is the main source of IGFs but its highest concentrations are found in the 
blood. Both IGF-1 and -2 forms can be detected in small amounts in the kidney and 
other tissues of different species, for example, in the rat, IGF-I has been detected 
in serum, milk, amniotic fluid, and bile; it has also been detected in human adult 
bile [22]. In some experiments, it has been found that IGF-1concentrations are 
higher in bile of neonatal rats than in the adult rats. Thus, it is believed that IGF-I 
in bile should have an important role in the development of gastrointestinal tract. 
However, the precise role and the presence or absence of IGFs and IGFBPs in bile 
have not yet been clearly defined. The biosynthesis of IGFs depends mainly on 
the levels of growth hormone (GH), insulin, prolactin, and an adequate nutrition 
stimulus. In contrast, estrogens and cortisol can antagonize their formation [23].

The production of IGF-1 is stimulated by GH, which is secreted by somato-
tropic cells in the adenohypophysis. The hepatocytes present GH receptors that are 
stimulated by this hormone and in a consequence an increase in the transcription of 
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the IGF-1 gene is triggered. IGF-1 inhibits GH secretion either directly acting on the 
pituitary or indirectly by stimulating the hypothalamic secretion of somatostatin 
which, in turn, inhibits the release of GH. In this way, a negative feedback loop 
GH-IGF-1 is established [21, 23].

IGFBPs play important roles in the bioavailability of circulating IGF-I, and their 
synthesis is under metabolic and hormonal control. Their functions can be sum-
marized as follows: (1) they act as protein carriers in serum and control the influx 
of IGF-I from the vascular space to the tissues. (2) They prolong the half-life of 
IGF-I and regulate its metabolism. (3) They provide temporal localization of IGF-1 
with the aim to be available under specific requirements. (4) They modulate the 
interaction of IGF-I with its receptor, thus acting as indirect control of the biologi-
cal actions of IGF-I.

At present, different types of IGFBPs have been described that are mainly pro-
duced by hepatocytes and secreted into the blood serum. They can be a high affinity 
for binding IGFs (IGFBP-1 to IGFBP-6) or a low affinity (IGFBP-7 among others). 
Normal serum IGF-I levels are approximately 40 nmol/L, and 99% of circulating 
IGF-Iis was estimated to be associated with the different IGFBPs, mainly IGFBP-3 
[23–25].

In recent years, these proteins have gained great attention due the association as 
biomarkers in different pathologies [25].

4. IGFBPs and liver fibrosis

An increase in IGFBP-1 levels has been observed during nonalcoholic liver dis-
ease and cirrhosis of the liver. At the same time, serum IGFBP-3 concentrations are 
low, correlating with the severity of liver dysfunction, and signifying poor progno-
sis in hepatocellular carcinoma (HCC) [26]. In in vitro studies, IGFBP-7 expression 
has been found to hepatocyte apoptosis and HSC activation [27, 28]. In relation to 
the participation of IGFBP-2, -5 and -6, there is little evidence of their concentra-
tions in serum and the possible association with liver diseases. Nevertheless, those 
proteins can inhibit angiogenesis (IGFBP-4) [29], regulate the role of TNF-α, tumor 
growth, and an increased expression in pulmonary and liver fibrosis (IGFBP-5) [30, 
31] and promote prostate cancer cell migration (IGFBP-6) [22, 32]. The available 
information about the role, tissue production, and dependent and independent 
functions of IGFBPS as well as their regulation in related liver pathologies is 
resumed in Table 1.

In the present work, we include recently obtained data in our laboratory of a 
prospective comparative multicenter study to evaluate the production of IGFBPs 
according to liver fibrosis grade in patients with CHC. We provide a valuable and 
innovative approach to the analysis of IGFBPs as a group of proteins with important 
potential for improving diagnosis and maybe soon can be used as novel noninvasive 
biomarkers for liver fibrosis.

Even advanced stages of liver fibrosis have been described as reversible, stimu-
lating considerable research to identify molecules for the development of anti-
fibrotic therapies [35, 36].

IGFBPs are produced in the liver, but there is little evidence of their participa-
tion in the process of liver damage in humans. Their study can further improve 
the knowledge of liver fibrosis pathophysiology and enable the identification of 
therapeutic targets.

The aim of the present study was to measure the serum concentrations of the 
different IGFBPs in patients with CHC and analyze them according to the grade of 
fibrosis grade.
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5. Methods and patients for the study of IGFBPs in chronic hepatitis C

A prospective, cross-sectional, observational study was conducted. It included 
patients seen at the General Hospital of Mexico, University Hospital of Autonomous 
University of Nuevo Leon, and the National Institute of Medical Sciences and 
Nutrition, within the time frame of January 2011 to December 2015. The patients were 
treatment-naïve or untreated, and their grades of fibrosis were evaluated through 

Protein Production IGF-dependent 
functions

IGF-independent 
functions

Participation in 
liver

Ref.

IGFBP-1 Liver
Kidney
Endometrium
Amniotic fluid
Fetal plasma

Modulates 
cell growth, 
differentiation, and 
metabolism

Proliferation, 
migration, and 
apoptosis

↑ Hepatic cirrhosis
↑ F3-F4 in NAFLD

[19]

IGFBP-2 CNS
Liver
Heart
Kidney
Prostate
Adipocytes

Promotes the 
bioavailability of IGF 
to its ligands

Proliferation
It binds with TGF-β

Unknown [33]

IGFBP-3 Liver Form a ternary 
complex with IGF and 
acid-labile subunit 
(90%)

Survival
Activation of MAPK in 
pulmonary fibrosis
Interaction with 
TGF-β

↓ Cirrhosis, and HCC [26]

IGFBP-4 Liver
Heart
Bone
Ovary
Prostate
Kidney

Inhibits angiogenesis
Regulates bone 
formation

Tumor processes 
and in reproduction 
biology

Possible role in 
experimental liver 
regeneration

[29, 
34]

IGFBP-5 Liver
Bone
Lung
Testicle
Ovary
Uterus
Placenta

Form a ternary 
complex with IGF and 
acid-labile subunit
Inhibits and promotes 
tumor growth

Inhibits the actions of 
TNF-α
Inhibits and promotes 
tumor growth
proliferation

↑Experimental 
Fibrosis

[30, 
31]

IGFBP-6 Liver
Lung
Intestine
CSN

Inhibits the actions of 
the IGF-II

Promotes the 
migration of cancer 
cell lines
Inhibition of 
angiogenesis

Unknown [22, 
32]

IGFBP-7 Liver Cell adhesion in 
cancer cells

Cell proliferation, 
differentiation, 
adhesion, senescence, 
apoptosis, and 
angiogenesis. Tumoral 
suppressor
Mutual regulation 
with TGF-β

↓HCC
↑ Experimental and 
clinical fibrosis

[27, 
28]

CNS: Central nervous system, HCC: Hepatocellular carcinoma, F3-F4: advanced stage of fibrosis, ↑ up-regulation 
and ↓ down-regulation.

Table 1. 
Proteins of the IGF system, IGFBPS production, functions, and their regulation in related liver pathologies.



Liver Cirrhosis - Debates and Current Challenges

8

the FibroTest and FibroScan methods. According to fibrosis grade, the patients were 
divided into four groups: F0, F1-F2, F3, and F4. Given the small number of patients 
with stages F1 and F2, they were combined as a single group (n = 25). Patients with at-
risk alcohol consumption (AUDIT < 8) and whose fibrosis grade was not determined 
using the same diagnostic methods stated above were excluded. The control group 
was made up of healthy subjects, defined as persons that were not at-risk drinkers 
(AUDIT < 8) and had negative serology for hepatitis A, B, and C viruses (n = 160).

All participants signed statements of informed consent and the study protocol 
followed the ethics guidelines of the 1975 Declaration of Helsinki. Blood samples 
(10 mL) were taken from all participants. The serum was separated and stored at 
−80°C until its use. The anthropometric variables obtained for each study subject 
were: sex, age, height (measured in centimeters with a stadiometer), weight (mea-
sured in kilograms with a manual scale), and body mass index (BMI) (kilograms/
meters2; weight/height2 formula). The following biochemical tests were performed 
on all the study subjects: total bilirubin, direct bilirubin, aspartate aminotransferase 
(AST), and alanine aminotransferase (ALT). A detailed clinical history was carried 
out for each patient, through which the presence of clinical data of liver damage 
was intentionally evaluated. IGFBP determination was carried out through multiple 
suspension array technology (Millipore®). The use of antibodies made it possible to 
study the concentration of a variable number of proteins in a single serum sample. 
Thus, seven proteins were analyzed in a single assay, reducing intra-assay and 
inter-assay error, %CV of <10 and of <15 for intra- and inter-assay, respectively, 
without cross-reactivity. The HIGFBMAG-53 K07 kit was employed. The data were 
acquired utilizing Luminex200 MAGPX® Systems equipment (series number 
10294005), following the supplier’s specifications. The sensitivity of the minimum 
and maximum detection values for each protein was obtained using Luminex 
XPONENT software. The continuous variables were described as mean ± standard 
deviation and the qualitative variables as absolute and relative frequencies (percent-
ages). The qualitative variables were analyzed using the chi-square test and ANOVA 
test, orthogonal analyses, and Spearman correlation was used for the quantitative 
variables. Statistical significance was set at p < 0.05. Logistic regression analysis 
with advanced fibrosis stage as the dependent variable was applied. Receiver 
operating curves (ROCs) were made. Statistical analysis was carried out using the 
SPSS version 22 program.

6. Clinical determinations

Demographic analysis showed the predominance of women in the group of 
CHC; furthermore, the age mean was 50 years in CHC in comparison with the mean 
of 37 years in CT. Nevertheless, body mass index (BMI) did not show differences in 
both groups of study. Liver function tests that include bilirubin and transaminases 
(AST and ALT) showed evident and significant increment of values that reflect the 
liver dysfunction in CHC patients (Table 1).

A total of 120 patients diagnosed with chronic hepatitis C (CHC) were included 
in the study. Many of the patients were women. All the patients were untreated and 
did not drink alcohol. The control population was made up of 165 healthy subjects 
with negative viral panels and no at-risk alcohol consumption (Table 2).

6.1 Serum determination of IGFBP proteins

As was previously mentioned, the multiple suspension arrangement (Luminex) 
was used to quantify the levels IGFBP-1 to IGFBP-7 proteins, both in serum of 
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patients with chronic liver disease and in CT. As we expected, a differential regula-
tion of IGFBPs through the different stages of fibrosis in CHC was observed.

6.1.1 IGFBP-1 to IGFBP-7 quantification

IGFBP-1 concentration (ng/mL) was higher in patients compared with controls 
(1.35 ± 0.26 and 0.65 ± 0.12, respectively, p = 0.02), as were the IGFBP-2 values 
(16.26 ± 3.81 vs. 3.91 ± 0.35, p = 0.002). IGFBP-3 had the highest concentrations of 
all the IGFBPs, with a tendency to be lower in patients (778 ± 36) than in controls 
(878 ± 40, p = 0.066). IGFBP-4 concentrations were higher in patients than in 

CHC (120) CT (165) P

Gender n (%)

Men 25 (29) 138 (89) <0.001

Women 95 (71) 27 (11)

Age (years) 51 ± 10 37 ± 9 <0.001

BMI (Kg/m2) 27 ± 4 28 ± 4 0.464

Total Bilirubin (mg/dl) 1.37 ± 0.22 0.78 ± 0.03 <0.001

Direct Bilirubin (mg/dl) 1.21 ± 0.16 0.68 ± 0.03 <0.001

AST (UI/I) 84 ± 7 30 ± 1 <0.001

ALT (UI/I) 90 ± 6 28 ± 2 <0.001

AST, aspartate amine transferase; ALT, alanine anime transferase. Data are expressed as mean ± standard deviation.

Table 2. 
Demographic data of study groups.

IGFBP
(ng/mL)

F0
(35)

F1–F2
(11–14)

F3
(21)

F4
(39)

CT
(165)

p

1 0.9 ± 0.5 1.5 ± 0.5 1 ± 0.5 1.4 ± 0.5 0.65 ± 0.12 NS

2

8.8 ± 8.4 10 ± 5 26 ± 9 18 ± 7 3.9 ± 3.5

F0vs.CT*
F1-F2vs.CT* 

F3vs.CT†
F4vs.CT†

3 695 ± 202 620 ± 350 844 ± 304 756 ± 391 878 ± 406 NS

4
25 ± 17 88 ± 76 37 ± 30 77 ± 29 21 ± 19

F1-F2vs.CT*
F3vs.CT*
F4vs.CT†

5
97 ± 71 237 ± 186 107 ± 36 324 ± 292 241 ± 118

F4vs.CT*
F0vs.F4†

F1-F2vs.F3†

6 136 ± 53 112 ± 68 168 ± 81 126 ± 59 122 ± 42 NS

7

20 ± 10 42 ± 30 91 ± 23 60 ± 42 33 ± 31

F3vs.CT†
F4vs.CT†
F0vs.F3†
F0vs.F4*

F1-F2vs.F3*
F3vs.F4*

Data are expressed as mean ± standard error (SE). *p < 0.05; † p < 0.005.

Table 3. 
Concentration of IGFBP 1 to 7 and fibrosis stages in patients and control groups.
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controls (59 ± 14 vs. 21 ± 1.9, p = 0.008). IGFBP-5 values were similar between 
patients and controls (251 ± 26 vs. 241 ± 21, p = 0.786), as were IGFBP-6 concentra-
tions (131 ± 6.6 vs. 122 ± 4.2, p = 0.244). IGFBP-7 concentrations were higher in 
patients (57 ± 4.4), compared with controls (33 ± 3.1) (p < 0.001).

6.1.2 Fibrosis stage and IGFBP analyses

Patients were classified according to 2 noninvasive methods for staging fibrosis: 
FibroTest and FibroScan. The 120 patients were divided into the following groups: 
F0 (n = 35), F1–F2 (n = 11–n = 14), F3 (n = 21), and F4 (n = 39). Significant dif-
ferences were found for IGFBP-2, IGFBP-4, IGFBP-5, and IGFBP-7 (Table 3). The 
differences were mainly between fibrosis grade and the control group for IGFBP-2 
and IGFBP 4. IGFBP-2, IGFBP-4, IGFBP-5, and IGFBP-7 concentrations correlated 
with the grade of fibrosis. There was an association between IGFBP-2 and fibrosis 
grade (Figure 1A), with an r of 0.263 (p = 0.001). IGFBP-4 was increased in F1–F2, 
F3, and F4, about the control subjects (Figure 1B). The correlation of IGFBP-4 
with fibrosis grade produced an r of 0.228, (p = 0.003). According to fibrosis grade, 
there were significant differences between F0 vs. F4 (p < 0.001) and F1-F2 vs. F3 
(p < 0.001) in the IGFBP-5 results (Figure 2A). We observed an oscillating pattern, 
given that stages F1–F2 and F4 had the highest concentrations.

There was a 2-fold greater increase in IGFBP-7 concentrations in patients, com-
pared with controls. Upon fibrosis grade evaluation, we found a gradual increase 
in the concentration of that protein (Figure 2B), obtaining significant differences 
between F0 vs. F3 (p < 0.001), F0 vs. F4 (p < 0.001), F1–F2 vs. F3 (p = 0.002), and 
F3 vs. F4 (p = 0.005) (Figure 2B). The correlation of IGFBP-7 with fibrosis grade 

Figure 1. 
IGFBP production in different fibrosis stages of CHC compared with healthy individuals. The concentration of 
IGFBPs (ng/mL) was determined at initial (F0), middle (F1–F2), and severe (F3 and F4) fibrosis stages in CHC 
and healthy individuals. (A) IGFBP-2 differences: a = F0vs CT (p = 0.002), b = F1–F2 vs. CT (p = 0.01), c = F3 vs. 
CT (p = 0.001), d = F4 vs. CT (p = 0.001). (B) IGFBP-4 differences: concentrations a = F1–F2 vs. CT (p = 0.002), 
b = F3 vs. CT (p = 0.008) and c = F4 vs. CT (p = 0.001). (C) IGFBP-5 differences: concentrations a = F4 vs. CT 
(p = 0.007), b = F0 vs. F4 (p < 0.001), c = F1–F2 vs. F3 (p < 0.001). (D) IGFBP-7 differences: concentrations 
a = F3 vs. CT (p = 0.001), b = F4 vs. CT (p < 0.001), c = F0 vs. F3 (p < 0.001), d = F0 vs. F4 (p = 0.008), e = F1–F2 
vs. F3 (p = 0.002) and f = F3 vs. F4 (p = 0.005). Data are expressed as mean ± standard error (SE).
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produced a statistically significant r of 0.384 (p = 0.001), indicating that IGFBP-7 
was associated with the grade of fibrosis, signifying that it could be a serologic 
biomarker for liver fibrosis.

Moreover, our study provides for first time completed screening of seven 
IGFBPs and their serum concentration in the initial, middle, and severe fibrosis 
stages. For IGFBP-1, slight differences in middle and severe stages and CT were 
found, whereas nonsignificant differences were observed for de IGFBP-3, and -6 
among F0, F1–F2, F3, F4, and CT classifications. However, evident variations 
were observed for IGFBP-2 and -4 according to the fibrosis degrees and CT group. 
(Table 3). The most evident concentration changes were observed in IGFBP-7, 
where the statistical analysis revealed a correlation in the fibrosis degrees and their 
production (Table 3).

6.1.3 Sensitivity and specificity of IGFBPs in severe fibrosis stage

Additionally, we performed calculation of the area under the receiver operat-
ing characteristic curve (AUROC) using the severe stage as a reference parameter 
with the aim to determine the sensitivity and specificity of IGFBP-2, -4, -5, and 
-7 with F4 stage (Figure 2 and Table 4). The results showed that the value of 
area under the curve for IGFBP-2 was 0.760 (p < 0.001; 95% CI, 0.672–0.847); 
whereas in IGFBP-4 was 0.744 (p < 0.001; 95% CI, 0.659–0.828), IGFBP-5 was 
0.600 (p = 0.049; 95% CI, 0.496–0.703), and for IGFBP-7 was 0.674 (p = 0.001; 
95% CI, 0.579–0.770) (Table 4). Based on the AUROC interpretation, where the 

Figure 2. 
ROC curve of the concentration of IGFBP-2, -4, -5, and -7 in patients with F4.

Protein Area 95%CI p

Lower limit Upper limit

IGFBP-2 (ng/mL) 0.760 0.672 0.847 0.000

IGFBP-4 (ng/mL) 0.744 0.659 0.828 0.000

IGFBP-5 (ng/mL) 0.600 0.496 0.703 0.049

IGFBP-7 (ng/mL) 0.674 0.579 0.770 0.001

Table 4. 
Evaluation of the area under the ROC curve of IGFBP-2, -4, -5, and -7 in patients with severe fibrosis degree 
(F4).
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values take more significance when they are close to the unit and with p value, we 
observed that the degree of predictive significance indicator of these proteins is: 
IGFBP2 < IGFBP-4 < IGFBP-7 < IGFBP-5.

7. Discussion

Our study is the first to quantify seven IGFBPs in patients with hepatitis C virus 
(HCV) and associate those protein levels with fibrosis grade. Different studies 
consider IGFBP-1 as an insulin-sensitive protein that participates in the develop-
ment of metabolic diseases, such as insulin-resistance or metabolic syndrome, in 
patients with or without liver disease. Some authors have reported elevated levels of 
IGFBP-1 expression [37], whereas others have found low levels [38, 39]. Because of 
findings of its increased expression, IGFBP-1 has been identified as a possible bio-
marker for alcoholic liver disease (ALD). Controversial results have been reported 
in relation to NAFLD. A decrease in serum concentrations due to interaction with 
insulin was described [40, 41], but Hagström et al. reported elevated values, with 
higher concentrations in patients with advanced fibrosis [19]. High concentrations 
have also been associated with hepatocellular carcinoma, albeit the role of that pro-
tein is still contradictory [37, 42]. In our study, IGFBP-1 concentrations were higher 
in subjects with CHC, but no differences were found in relation to fibrosis grade. 
However, studies on patients with liver cirrhosis of different etiologies (hepatitis 
C, hepatitis B, NAFLD, ALD, and autoimmune hepatitis) have shown that IGFBP-1 
increases [19, 43] and is higher in advanced fibrosis (F3 and F4) [19].

IGFBP-2 has been suggested as a biomarker for metabolic diseases, such as 
diabetes and insulin resistance [33]. In our study, IGFBP-2 concentrations were 
until 6-fold higher in patients, compared with controls. In accordance with fibrosis 
grade, there was also a gradual increase in IGFBP-2 concentration, but with no 
statistically significant differences between fibrosis stages, suggesting that IGFBP-2 
participates in liver damage and the development of fibrosis caused by HCV. Our 
results concur with those reported for idiopathic pulmonary fibrosis, in which high 
levels of IGFBP-2 were determined [44].

Additionally, in this work, we can determine for first time the evaluation of 
the specificity and sensibility of the seven IGFBPs. Interestingly, IGFBP-2 showed 
higher area values (AUROC) in F4 and thus can be considered as the best predictive 
IGFBP protein indicator in severe fibrosis stage followed by -4, -7 and -5.

IGFBP-3 had higher concentration levels than those of the other six IGFBPs. 
Nevertheless, the concentrations showed a tendency to be lower in patients than 
in controls. IGFBP-3 has been the most widely studied protein because of its high 
affinity for IGF-I. It has been described as a biomarker for liver dysfunction classi-
fied with the Child-Pugh scale, with a lower concentration in patients with Child-
Pugh class C [45]. Since 1995, many studies have been conducted on IGFBPs in 
patients with liver cirrhosis due to different causes. Results have shown a decrease in 
IGFBP-3 concentrations and an increase in IGF-I [46, 47]. IGFBPs are also thought 
to be associated with a high risk for liver cancer [48] and with poor prognosis [26]. 
Aleem et al. concluded that IGFBP-3 is superior to IGF-I and IGF-II for predicting 
the development of hepatocellular carcinoma in patients with cirrhosis caused by 
HCV [49], due to viral protein interaction that alters the IGF axis and the subse-
quent progression to liver cancer [50].

Miller et al. described the serum proteome of NAFLD, reporting increased 
IGFBP-3, compared with control subjects. They then analyzed fibrosis grade 
and severity and found that IGFBP-3 was able to distinguish between different 
disease stages [51]. In 2017, Chishima et al. studied the GH/IGF-I/IGFBP-3 axis 
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in patients with NAFLD and CHC and the relation to the histologic severity of 
NAFLD. IGFBP-3 levels were lower in patients with cirrhosis caused by NAFLD, 
whereas the levels did not decrease according to fibrosis grade in patients with HCV-
induced chronic liver disease [46]. Our results concurred with those of that study.

Cirrhosis alters IGF-I production and suppresses protein metabolism. In studies 
on children with end-stage liver disease (ESLD) who underwent liver transplanta-
tion, the authors concluded that their results partially explained the failure to growth 
and the reduced number of functioning hepatocytes in patients with ESLD [52].

IGFBP-4 has been associated with the progression of lung cancer, finding high 
expression of that protein in lung tissue, and showing a decrease in survival [53]. 
In our study, IGFBP-4 concentration was 2-fold higher in patients, compared with 
controls, and behavior fluctuated in relation to fibrosis grade, with no statistically 
significant differences. In a study on patients with ESLD, no differences in IGFBP-4 
were found upon comparison before and after liver transplantation [52]. In another 
study on cirrhotic patients and controls, there were no differences in IGFBP-4 when 
measured by the Western ligand blot technique [54]. Experimental studies have 
shown a regulation of the increase of that protein, along with IGFBP-1 and IGF-I, 
by AMPc, IL-6, IL-1β, and TNF-α [55, 56].

IGFBP-5 has been studied in animal models of progressive intrahepatic cholesta-
sis, suggesting that it plays a possible role in the pathogenesis of chronic cholangi-
opathy. The same authors reported that IGFBP-5, in human stellate cells (LX-2), 
increased pro-fibrotic marker expression, and concluded that IGFBP-5 participates 
in liver fibrosis progression [30]. In our study, IGFBP-5 concentrations were similar 
between patients and controls. However, upon classifying them by fibrosis grade, 
we found differences in F0 vs. F4 and F1–F2 vs. F3. These findings concur with 
the results reported by Colak et al. who showed that IGFBP-5 played an important 
role in many pathophysiologic stages of liver fibrosis [57]. One of the functions of 
IGFBP-5 was the trans-differentiation of HSCs into myofibroblasts, improving the 
survival of those cells through anti-apoptotic effects on the activated HSCs, increas-
ing collagen Iα1, TIMP-1, and MMP-1profibrotic gene expression.

It is known that IGFBP-6 can induce chemotaxis in T cells and monocytes, but 
not in B cells. It also increases oxidative stress and may be a late amplifier of neutro-
phil activation [58]. However, there have been few studies conducted on IGFBP-6 in 
liver diseases. In our study, IGFBP-6 concentrations were the same in patients and 
controls, and we found a tendency for concentrations to increase with the increase 
in fibrosis grade. IGFBP-6 has been described to be affected by HCV proteins and to 
participate in the progression to liver cancer [50, 59].

Finally, different studies demonstrate that IGFBP-7 (IGFBPrP1) contributes 
to liver fibrogenesis [27, 60, 61]. In our study, we found a significant increase in 
patients with liver disease. Likewise, we observed a gradual increase according to 
fibrosis grade. It was higher in F3, indicating that it could be a serum biomarker 
for liver fibrosis. IGFBP-7 has been widely studied in experimental models of liver 
fibrosis for identifying the mechanisms involved in the activation of HSCs and the 
signaling pathways, the result of which induces fibrosis. IGFBP-7 was inhibited in 
rat HSCs, inducing apoptosis in activated HSCs, and as a result, ameliorating liver 
fibrogenesis [61]. IGFBP-7 has also been shown to attenuate liver fibrosis through 
the regulation of MMPs/TIMPs in mice [62]. IGFBPrP1 contributed to the devel-
opment of liver fibrosis in fibrotic and cirrhotic tissue biopsy samples and may 
be a novel molecule involved in the progression of liver fibrogenesis [28]. Studies 
conducted in vitro found that IGFBPrP1 induced liver fibrosis by means of HSC 
activation and hepatocyte apoptosis through the Smad 2/3 signaling pathway [27]. 
In addition, it acted as an initiator of liver fibrosis by inducing inflammation, HSC 
activation, and ECM protein deposit through the ERK1/2 pathway [63]. IGFBPrP1 
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has also been shown to promote fibrosis, by enhancing the TGF-β1 expression that 
it triggered, and the Egr1, PTEN, Hhip, MAP2K2 (MEK2), and MAPK3 (ERK1) 
genes were identified as candidates for the hepatic fibrosis-related pathway 
induced by IGFBPrP1 [60]. Mutual IGFBPrP1 and TGF-β1 regulation has been 
found that probably accelerates liver fibrosis progression [64]. IGFBPrP1 inhibi-
tion attenuates fibrosis by reestablishing the MMP2/TIMP2 and MMP9/TIMP1 
balance concomitantly with the inhibition of HSC activation, low TGF-β1 expres-
sion, and ECM degradation [62]. Previous results, together with ours, show that 
IGFBP-7 is a molecule that can be diagnostically useful and a possible therapeutic 
target for liver fibrosis.

Currently, there are available treatment regiments against hepatitis C; in gen-
eral, these drugs have as specific targets viral proteins (e. g. NS3/4A, NS5A, and 
NS5B) inhibiting their replication. The ratio of efficacy of different combinations of 
drugs can reach until 95% of efficiency [65, 66]. Regarding the action of these drugs 
and liver fibrosis, it has been reported that peginterferon and/or ribavirin, dacla-
tasvir, sofosbuvir, and simeprevir can cause regression of liver fibrosis [67]. The 
specific molecular events induced by the administration of these drugs are not very 
well understood. However, it has been observed that the liver parenchymal injury 
and hepatocyte death are associated with the host’s inflammatory response and 
reactive oxygen species promoted by virus proteins [68, 69], whereby the elimina-
tion of viral load abrogates the subsequent liver damage. Nevertheless, the molecu-
lar mechanisms triggered by the pharmacological therapy in the IGF system are not 
evaluated until now; it is possible that tissue fibrosis reversion can be orchestrated 
by IGF elements such as the IGFBPs. Thus, the study of these proteins could have 
beneficial implication for diagnosis and as well as complementary target to improve 
the liver regeneration.

8. Conclusion

We found higher serum concentrations of IGFBP-2, IGFBP-4, IGFBP-5, and 
IGFBP-7 in patients with CHC, and in accordance with fibrosis grade, IGFBP-2, 
IGFBP-4, and IGFBP-7 are associated with severe fibrosis. Based on our study, we 
strongly suggest the possibility that IGFBPs participate in ECM protein modulation 
and reuptake and regulate the progression of chronic liver disease and development 
of liver fibrosis. Therefore, we believe that IGF binding proteins play an important 
role in chronic hepatitis C and can be serum marker candidates for liver fibrosis.
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Chapter 2

Genetics of Biliary Atresia: A 
Work in Progress for a Disease 
with an Unavoidable Sequela into 
Liver Cirrhosis following Failure 
of Hepatic Portoenterostomy
Consolato M. Sergi

Abstract

The bile duct development may not be fully completed at birth, and this is quite 
a common event. Moreover, bile formation is immature, and there is a propensity 
for the neonate to develop cholestasis in the presence of a wide variety of insults 
that can damage the liver. A biliary atresia is a correctable form of infantile cholan-
giopathies. The Kasai hepatic portoenterostomy (HPE) is often performed and is 
successful if it is done at an early stage. However, HPE can fail, and the liver fate is 
inevitably a cirrhotic change. Biliary atresia is heterogeneous and may result from a 
combination of genetic factors, vascular, infective or toxic insults with activation of 
different genetic and immunological pathways. In this chapter, we will review some 
genes that may be highly relevant to biliary atresia, including not only PKHD1, 
JAG1, and CFTR, but also GPC1, ADD3 and others. Four genetic loci are considered 
as predisposition loci in biliary atresia, despite the absence of an etiologic mutation. 
The rare occurrence of biliary atresia in well-known genetic syndromes seems to 
suggest coincidental finding, but epigenetic aspects might play a significant role in 
contributing to the increase of biliary atresia rate.

Keywords: biliary atresia, cirrhosis, kasai failure, genes, bioinformatics

1. Introduction

Biliary atresia (BA) is a necroinflammatory process of the intrahepatic (inside 
of the liver) and extrahepatic (outside of the liver) biliary system with a various 
etiologic background. Since the introduction of the yellow card registries in Taiwan 
in 2002 as a pilot study and then in other countries, the awareness and the proper 
management of this disease has increased. In the Western countries, BA occurs in 
about 1:18,000 live births, but the reported incidences vary from 5 to 32 per 105 
live births [1]. The incidence of BA is highest in Asia and in some countries of the 
Pacific region comparing to the rest of the world with male infants more often 
affected than females. The clinical triad includes neonatal jaundice (conjugated 
hyperbilirubinemia that is considered lasting beyond 2 weeks of postnatal life), 
acholic (pale) stools and dark urine, and hepatomegaly. The ultrasonography and 



Liver Cirrhosis - Debates and Current Challenges

22

the endoscopic retrograde cholangiopancreatography (ERCP) are essential to 
address the diagnosis, which relies on the microscopic examination. Histologically, 
BA relies on the inflammatory injury of the intra- and extrahepatic biliary tract 
with sclerosis, luminal narrowing, and final obliteration of the biliary tree. BA lead 
to liver cirrhosis, if no treatment is initiated. Also, death can occur within the 2 
years of life or first infancy. Although BA is, currently, not known to be hereditary, 
some families with recurrence of this disease have been reported in the literature. 
BA requires an immediate shunt to promote the discharge of bilirubin from the pro-
gressive accumulation in the liver and Professor Morlo Kasai (1922–2008) invented 
a technique (Kasai hepatic portoenterostomy or HPE), which is currently in use 
and the first line of surgical therapy for these patients [2–4]. Subsequently, a liver 
transplantation may be needed, particularly in infants who underwent to surgery 
not early in life as it should be. The delay of the surgical hepatic portoenterostomy 
is still a problem in some regions not only in underdeveloped countries, but even in 
USA and Canada. Thus, the awareness of this condition is crucial to save lives and 
money. Liver transplantation may be crucial needed to restore the flow of bile or if 
liver cirrhotic complications occur (Figure 1). Currently, nearly 90% of BA infants 
survive. The majority of these patients have normal quality of life. Prof. Kasai 
is considered one of the greatest innovators in the field of pediatric surgery and 
numerous thousands of babies and their families will be always grateful to him.

2. Bile duct development

The development of the biliary tree is crucial to understand and interpret the 
categories of neonatal and infantile cholangiopathies. This aspect is particularly 
important if the patient is a preterm baby or a baby considered small for gestational 
age [5]. At the 3rd week of the post-ovulatory period, endodermal cells sprout from 
the primitive foregut at the cranial portion. These cells grow towards a loosely 
arranged mesoderm. The direction is the plexus vitellinus of the embryo. Similarly, 
a bud arises caudally from the foregut and form the primordium (anlage) of the 
extrahepatic biliary system [5–8]. After a sub-massive and massive liver necrosis, a 
ductular reaction is observed in the survived liver tissue. This phenomenon is seen 
in individuals with fulminant hepatitis and endorses the theory recommending 
the presence of ordinary progenitor cells that may totally differentiate in bile duct 
epithelial cells, specifically along the portal vein branches [9]. At the hilum of the 
liver between the 6th and the 9th week of the postovulatory period, progenitor 

Figure 1. 
Biliary atresia with extensive fibrosis and bile duct proliferations (asterisk) (Hematoxylin and eosin staining, 
x100 original magnification).
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cells, which are in contact with the mesenchyme that surrounds the primitive 
portal vein, form first a mono-layered and then later a double-layered cell cords 
harboring a “slit-like” lumen [5, 10]. This structure is the fundamental (primitive) 
intrahepatic biliary structure, which has been labeled (bilaminar) “ductal plate.” 
At the 12th week of intrauterine gestation and on, a continuous remodeling of this 
prototypic structure takes place. A few parts of the primitive biliary structures 
dilate and slightly roam toward the center of the portal field. These structures are 
called “peripheral tubular or ductular structures.” These biliary structures are the 
immature form of the interlobular bile ducts. Subsequently, one or two immature 
structures, mostly peripherally located ductular structures transmute into mature 
interlobular bile ducts. In the meantime, most of these peripherally located struc-
tures will gradually disappear, and an essential contribution to this process is due 
to the apoptosis, which was initially hypothesized by Professor Valeer Desmet 
(Leuven, Belgium) as early as 1985 [11–16]. Subsequently, Meckel syndrome, a 
genetic syndrome with autosomal recessive inheritance, occipital encephalocele, 
postaxial polydactyly, diffuse cystic renal dysplasia, and malformation of the 
orthologue development of the ductal plate of the liver, was targeted by my research 
group in the late years of last century [17]. The malformed ductal plates in the fetal 
livers with Meckel syndrome showed a marked decrease in the apoptotic rate and 
Fas expression, a pro-apoptotic marker, and an increase in proliferative activity and 
expression of Bcl-2, which has an antiapoptotic significance [18]. The conversion 
of the ductal plate into mature and bile draining interlobular bile ducts is conveyed 
by the appearance of specific intermediate filaments of the cytoskeleton or keratins 
or cytokeratins (CKs) [19, 20]. The epithelial cells that are forming the interlobular 
bile ducts start expressing K-7 and K-19 in addition to K-8 and K-18. The keratins 
K-8 and K-18 are positive in normal hepatocytes of the adult. Quantification of 
structures of the biliary system and their maturity may be beneficial in the assess-
ment of the maturation of the intrahepatic biliary tree in neonatal and infantile 
cholangiopathies, and the lack of an interlobular bile duct is the most worrisome 
prognosticator in a cholangiopathy independently from the specific etiology or 

Figure 2. 
Keratin 7-immunostaining of the biliary proliferating neoductules (Anti-cytokeratin 7 immunostaining, 
Avidin-Biotin-Complex, x100 original magnification).
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labeling of the disease [21]. Figure 2 shows the immunohistochemical staining of 
the biliary proliferation using an antibody against cytokeratin 7.

3. Liver biopsy

Currently, the liver biopsy remains the gold standard for determining the 
diagnosis of surgical conditions with neonatal cholestasis, such as BA, which is the 
most critical surgically correctable form of persistent conjugated hyperbilirubine-
mia. There is an incredible rate of accuracy that comes with the experience of the 
pathologist and liver biopsy is precise in probably more than 9 cases out of 10, in 
most tertiary centers of pediatric healthcare, provided that the liver tissue encom-
passes at least six portal tracts. The experience of the pathologist may be crucial to 
address the patient to a pediatric surgeon or genetic counseling for neonatal cho-
lestatic liver diseases. The challenge may be quite high that some argued that there 
might be a continuum with a single underlying cause. According to our previously 
published data [21], patterns of ductular reactions may muddle the pathologist, and 
ductal plate remnants, often seen in the liver histology, may indeed recapitulate the 
embryonic anlage. As a pediatrician and pathologist, the urgency of critical reports 
is well understood [22]. Medical and surgical causes of neonatal cholestasis need to 
be ruled out promptly. The central differential diagnoses of BA that need to be kept 
in mind are: Alagille syndrome, alpha-1-antitrypsin deficiency, cystic fibrosis, scle-
rosing cholangitis with neonatal onset, and more rarely progressive familial intra-
hepatic cholestasis (PFIC) types I-III. The differential diagnosis may be complicated 
and ancillary studies may need mass spectroscopy or other sophisticated techniques.

4. Genetics

As indicated early, BA is usually not hereditary, but some cases and families 
with recurrence rate have been observed [23]. Four genetic loci are considered as 
predisposition loci in BA, although no etiologic mutation was identified. The rare 
occurrence of BA in well-known genetic syndromes seems to suggest coinciden-
tal finding, but epigenetic aspects might play a major role in contributing to the 
increase of BA rate. Chromosomal alterations reported in patients with BA include 
duplication, deletion, and single copy number variation. Duplications include 
trisomy 18, trisomy or tetrasomy 22, trisomy 21, trisomy 10q and trisomy 11q23. In 
trisomy 18, BA has been associated in individuals with congenital heart disease and 
facial dysmorphism. In trisomy or tetrasomy 22, cat eye syndrome occurs. Facial 
dysmorphism, congenital heart disease, and cleft palate occurred in trisomy 11q23, 
while coarctation of the aorta, anal anteposition, and mental retardation have been 
recorded in patients harboring trisomy 10q. Patients with trisomy 21 syndrome 
(Down syndrome) showed accompanying atresia of the duodenum and esophagus 
as well as a heterotaxic setting, which is a condition in which the internal organs are 
abnormally arranged in the abdomen and chest. Deletion of chromosomal portions 
has been identified on 18p, 2q73.3, 18q21, 17q12, 1p36, and 20p11.21. Facial dysmor-
phism, mental retardation, hypothyroidism, and polysplenia were founds in deletion 
of the 2q37.2, while hyperechogenic kidney and pancreatic hypoplasia were found in 
the deletion of 17q12. Facial dysmorphism and classic Pitt-Hopkins syndrome were 
found in the deletion of 1p36 and 18q21, respectively. Laterality defects and panhy-
popituitarism were findings in the setting of deletion of 20p11.21. Pitt-Hopkins syn-
drome is a condition characterized by developmental delay and intellectual disability 
with individuals with breathing problems, recurrent seizures, and distinctive facial 
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features [24–27]. There is a delay in the development of mental and motor skills with 
numerous affected individuals having features of autistic spectrum disorders. Copy 
number variations (CNVs) are defined as a type of structural variation: specifically, 
i.e., a type of duplication or deletion event that affects a considerable number of 
base pairs. CNVs are a phenomenon in which sections of the genome are repeated, 
and the number of repeats in the genome varies between individuals in the human 
population with a specific neurological disorder as seen in Huntington’s disease. In 
this disease, CAG (i.e., cytosine-adenine-guanine) repeats of less than 26 have no 
effect, but between 27 and 35 there is a risk for the offspring, 36–29 CAG repeats 
may (or may not) be affected by the disease but harbors 50% of risk to offspring, 
while 40 or more has a consequence with full penetrance of the disease and a risk of 
50% to offspring. CMVs have been identified in a cohort of patients with BA with 29 
specific CNVs involving the JAG1 gene and immunity-related genes. Genome-wide 
association studies performed in patients affected with BA identified four loci, of 
which one is in the Han population and three in Caucasians. In the Han ethnics of 
China, noncoding single nucleotide polymorphisms (SNPs) have been localized 
to ADD3 and XPNPEP1 genes. Noncoding SNPs and a heterozygous deletion have 
been localized in ARF6, EFEMP1, and GPC1 genes, respectively [28–30]. There 
have been some case reports of BA associated with identified mutation or diagnosed 
syndrome. The gene SERPINA1 was considered an aggravating factor for BA, and 
JAG1 was questioned in a few patients [31–34]. A compound heterozygous (one 
copy each of two different alleles) mutation was also questioned in case of PKHD1 
gene [35]. A heterozygous mutation of the gene MYO5B was found in a patient 
suffering from microvillus inclusion disease and progressive familial cholestasis 
[34]. The Dubin-Johnson syndrome was also found in a patient with BA implying 
the gene ABCC2 [34]. Progressive familial cholestasis without microvillus inclu-
sion disease was found in a patient with BA as well. The gene involved ABCB11 
harbored a heterozygous mutation. Heterozygous and hemizygous mutations of the 
genes CFC1 and ZIC3 were found in patients with laterality defects [36, 37]. To be 
hemizygous for a gene means to have only one copy of one allele of that gene. The 
Fumarase gene was seen in a patient having a homozygous mutation [38]. The gene 
GATA3 was involved as a heterozygous mutation in a patient with HDR syndrome 
(hypoparathyroidism, sensorineural deafness and renal abnormalities) [39], while 
the gene FGFR3 was involved in a patient with achondroplasia [40]. The Mitchell-
Riley syndrome was found in an individual with BA and a homozygous mutation 
of the gene RFX6 [41]. Fanconi anemia and BA with a biallelic mutation on ERCC4 
were also found [42]. Kartagener syndrome and BA also occurred in the literature 
[43]. The Zimmermann-Laband syndrome was present in an individual with BA and 
a heterozygous mutation of KCNH1 [44]. Kabuki syndrome and BA also occurred 
in the literature [45, 46]. The Mowat-Wilson syndrome was found in a patient with 
BA and a heterozygous deletion in the ZEB2 gene. Two more genes were also seen 
having a heterozygous mutation in patients with BA including UGT1A1 and MLL2 
[34]. Finally, three multiple congenital anomaly syndromes have been reported with 
BA, including Mutchinick syndrome, Goldenhar syndrome, and caudal regression 
syndrome. Although the presentation of case reports and small case series may 
indicate a genetic background suggesting that a genetic element plays a significant 
role in the pathogenesis of BA, we need to argue that the genetics is probably only 
one of the multiple factors that may occur coincidentally or sequentially. The few 
reported familial cases of BA have been supportive [46–50] although conflicting sets 
of monozygotic twins have also been identified [51–53]. Another important aspect 
is the variations in the incidence of BA among different ethnics and the incidence of 
HLA B12 and, of course, haplotypes A9-B5 and A28-B35 were also found to be higher 
in infants with BA compared to a control group [54]. The high incidence rates of BA 
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in some areas of Southeast Asia, as well as Polynesia, are evocative of an inherited 
predisposition, although a local eating style or viral factor cannot be rules out [51].

The original dichotomic description of BA in embryonic and fetal type or 
syndromic and non-syndromic forms is still valid [47]. The reader may need to keep 
in mind that most probably the term “atresia” is a misnomer and a necroinflamma-
tory process of obliterative nature is different from an atretic process in origin from 
the embryologic point of view. In consideration of the period in which “atresia” 
occurs, it may be classified as embryonic or fetal and perinatal. In approximately 
20% of patients with BA, the embryonic form is responsible, while the rest is due to 
fetal form, which is also called perinatal form. In the early form, the extrahepatic 
biliary tree might have undergone abnormal morphogenetic processes. BA patients 
suffering from this form of BA have associated non-hepatic structural anomalies, 
of which the most common multiple congenital anomalies is the polysplenia 
syndrome, which is found in 8–12% of patients with BA. This syndrome is char-
acterized by polysplenia/asplenia associated with cardiac defects (dextrocardia, 
tetralogy of Fallot, anomalies of the pulmonary vasculature, atrio-/ventricular 
septal defects) a midline liver, preduodenal portal vein, interruption of the inferior 
vena cava, and situs viscerum inversus, and intestinal malrotation. Other congenital 
malformations can be detected, such as cardiac anomalies, annular pancreas, immo-
tile cilia syndrome (pointing to Kartagener syndrome), duodenal atresia (leading 
to trisomy 21 syndrome), esophageal atresia, polycystic kidney disease, cleft palate, 
and jejunal atresia. The fetal or perinatal form is characterized by patency of the 
extrahepatic and intrahepatic biliary system at birth, but an inflammatory and 
sclerosing reaction, caused by perinatal injury, results in the obstruction of the 
biliary tree. The fetal or perinatal form accounts for four out five cases of BA, and it 
is not typically associated with congenital anomalies [48, 49].

If about 10% of patients with BA have multiple congenital anomalies, it has 
been argued that the laterality defects have a phenotype like that detected in the 
ciliopathies, which is a heterogeneous group of disorders caused by structural 
and functional abnormalities in genes that encode cilia proteins [23, 50–55]. 
Embryologically, cilia are evolutionarily conserved. The cilia support in founding 
the left-right axis in vertebrates and are present on numerous cell types. The cilia 
are also present in the apical surface of biliary cells or cholangiocytes. In these cells, 
cilium function is integral to bile flow, bile ductular maturation, and neoductular 
formation [49]. The PKHD1 gene is responsible for the autosomal recessive polycys-
tic kidney disease (ARPKD). The expression of the PKHD1 is polycystin, which was 
found reduced in the livers of infants with BA with and without associated renal 
cysts by comparing with liver resections of patients without BA [25, 46]. Studies 
involving rhesus rotavirus murine models of BA have found the extensive loss of 
primary cilia from extrahepatic cholangiocytes, which was verified by the finding 
of decreased ciliation in extrahepatic biliary ducts in infants with BA of perinatal 
type, although cilia appeared normal in neighboring peribiliary glands [50].

There is quite an overwhelming evidence against a Mendelian paradigm of 
inheritance of BA. The argument against a Mendelian inheritance is supported by 
the lack of familial penetrance, despite rare cases of familial BA [52, 53], and discor-
dant presentation of BA among twins, including monozygotic twins [54–57]. On the 
other side, a growing principle of developmental diseases exhibits unusual patterns 
of inheritance, including Bardet-Biedl syndrome. The Bardet-Biedl syndrome is a 
ciliopathy, which is clinically heterogeneous and specifically marked by oligogenic 
inheritance. The mutations in multiple genes cooperate to generate the phenotype 
of Bardet-Biedl syndrome. It has been suggested that a similar singularity related to 
gene-gene interactions, or epistasis, may account for the diversity of presentations in 
BA [23]. Non-Mendelian inheritance is also detected in Alagille syndrome, which is the 
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result of a haploid insufficiency of JAG1 (alternatively its receptor NOTCH2). There is 
a inconstant intrafamilial clinical presentation [58, 59].  
Microchimerism is clearly defined as the occurrence of two genetically different cell 
populations in the same person. There are a few etiologies, in which it can arise and 
include blood transfusion, organ transplantation and the bidirectional transfer of cells 
between mother and fetus during pregnancy as well as the twin-to-twin transfer in 
utero [56]. Microchimerism has been suggested to explain the phenotypic heterogene-
ity and nonclassical genetic inheritance of BA [60, 61].

Recently, genome-wide association studies (GWASs) have been milestones in 
identifying some genes and pathways of several diseases. A GWAS is an obser-
vational study of a genome-wide set of genetic variants in diverse individuals to 
understand if any modification is associated with a trait. Generally, GWASs empha-
size the associations between single-nucleotide polymorphisms (SNPs) and traits 
like major human diseases but can equally be useful for any other genetic variants 
and any other organisms. SNPs are DNA sequence variations occurring probably 
1 in every 100, 200–300 bases along the 3-billion-base human genomic sequence 
and at least 1% of the population. SNPs make up about 90% of DNA sequence 
variation as indicated by the Human Genome Project (http://www.ornl.gov, http://
linkage.rockefeller.edu/soft/). On the other side, if one of the possible sequences is 
present in less than 1% of the population (99.9% of people have a C, and 0.1% have 
a G), then the variation is called a mutation [57, 58].

The Han Chinese population is particularly susceptible to GWAS because of the 
large size of individuals and homogeneity of this population. A recent study using 
a GWAS found a potential susceptibility locus for BA between the genes ADD3 and 
XPNPEP1 located with the chromosomal localization of 10q25.1 with replication in 
independent Chinese and Thai specimens and identification of BA in a Zebrafish 
model [59–61]. Interestingly, sequencing of a Han Chinese sample identified that 
a 5-SNP risk haplotype to be associated with BA and the genotype correlated with 
reduced levels of ADD3 expression [61]. The study was attempted to be replicated 
in a Caucasian cohort [60]. The authors found a stronger signal in the first intron 
of ADD3, although the exact genotype at this SNP was not predictive of the degree 
of ADD3 expression. The gene under intense investigation is ADD3 or adducin 3. 
Adducins are heteromeric proteins constituted of different subunits (alpha, beta, 
and gamma). The three subunits are involved in the assembly of the spectrin-actin 
network in red blood cells and at sites of cell-cell contact in epithelial tissues. 
Adducins alpha and gamma are universally expressed, while adducin beta is found 
in the brain and hematopoietic tissues. Adducin 3 is a cytoskeleton-associated 
protein that endorses the assemblage of the spectrin-actin network. Adducin 3 plays 
a role in actin filament capping and binds to calmodulin [62–63]. In Figure 3, the 
interaction of adducin 3 with other markers is depicted. This representation is the 
product of the interaction of several molecules, including ADD1, ADD2, ANKRD29, 
C1orf85, DDX10, MSANTD1, PSIP1, XPNPEP1, and XP07 [64]. Apart of adducin 1 
and 2 that belong to the same family of adducins (heteromeric cytoskeletal pro-
teins), the other genes/proteins are extremely intriguing to study in BA patients and 
may give us hints to understand the pathogenesis of this challenging cholangiopathy 
[65]. ANKRD29 (Ankyrin Repeat Domain 29) is a protein-coding gene with the 
gene located on chromosome 18q11.2. C1orf85 is a glycosylated lysosomal mem-
brane protein with gene ontology annotations including DNA binding transcription 
factor activity and, of course, ligand-dependent nuclear receptor transcription 
coactivator activity. DDX10 is a DEAD box protein, characterized by the conserved 
motif Asp-Glu-Ala-Asp (DEAD). This class of proteins are putative RNA helicases 
and are implicated in many cellular processes involving alteration of RNA second-
ary structure (e.g., translation initiation, nuclear and mitochondrial splicing, 
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and ribosome and spliceosome assembly). In consideration of the distribution 
patterns, some members of this family are held to be involved in embryogenesis. 
They may play a role in spermatogenesis, and, overall, cellular growth and division. 
MSANTD1 is Myb/SANT DNA Binding Domain Containing 1 and is a protein-
coding gene, which is also known as chromosome 4 open reading frame 44. PSIP1 
is PC4 and SFRS1 Interacting Protein 1, which is a protein-coding gene. PSIP1 is 
a transcriptional coactivator involved in the differentiation and neurogenesis of 
neuroepithelial stem cells and specifically in gene regulation and stress responses of 
lens epithelial cells. The shielding role during stress-induced apoptosis may raise the 
suspicion that this pattern may be particularly relevant to investigate in the future. 
Diseases associated with PSIP1 include atopic dermatitis. PSIP1 also seems interest-
ing because two related pathways with PSIP1 are ERK Signaling and Akt Signaling. 
XPNPEP1 is a protein coded from a gene XPNPEP1. The XPNPEP1 gene encodes 
the form in cytosol of a metalloaminopeptidase that catalyzes the cleavage of the 
N-terminal amino acid adjacent to a proline residue. It seems that this gene product 
plays a role in the degradation and maturation of tachykinins, neuropeptides, and 
peptide hormones. There are multiple transcript variants linked to alternative splic-
ing. Finally, XPO7 or Exportin 7 is coded by the XPO7 gene. The protein has binding 
and nuclear export signal receptor activity. It serves for the transport of protein 
and large RNAs through the nuclear pore complexes in an energy-dependent and 
regulated process. XPO7 mediates the nuclear export of proteins (cargos), which 
have broad substrate specificity. In the nucleus, this protein binds cooperatively to 
its cargo and the GTPase Ran in its active GTP-bound form. After curbing of this 
trimeric complex to the nuclear pore complex through binding to nucleoporins, 
EXPO7 translocated into the cytoplasm, and the disassembling of the complex and 

Figure 3. 
Interactome of the ADD3 protein with splice isoforms or post-translational modifications are collapsed, while 
each node represents all the proteins produced by a single, protein-coding gene locus. The edges represent 
protein-protein interactions with different color according to the interaction type. A red line indicates the 
presence of fusion evidence, green line a neighborhood evidence, blue line a cooccurrence evidence, purple line 
an experimental evidence, yellow line a textmining evidence, light blue line a database evidence, and black line 
a coexpression evidence (see text for details).
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hydrolysis of Ran-GTP to Ran-GDP determines the release of the cargo from the 
export receptor. Following this action, XPO7 shows an iterative procedure returning 
to the nuclear compartment and mediate another round of transport.

The GWAS was also able to identify an additional putative gene, which is called 
glypican 1 (GPC1). GPC1 is located on chromosome 2q37.3 and has been replicated 
in an independent cohort of patients demonstrating heterozygous deletion of this 
gene as the sole gene in this region [62]. Glypicans are heparan sulfate proteogly-
cans. Glypicans are bound to the external surface of the plasmatic membrane of 
a cell by a glycosylphosphatidylinositol (GPI) linkage [62, 63, 66]. Homologs of 
glypican molecules have been identified throughout the Eumetazoa, although clear 
glypican homologs are not definitely found outside the Metazoa. The family of these 
proteoglycans includes six members (GPC1–GPC6). Glypican family members are 
tangled in numerous signaling and developmental pathways in hepatocytes and 
cholangiocytes, and there is role of GPC-3 for being a marker and a therapeutic target 
of hepatocellular carcinoma [66], In 2018, Sangkhathat et al. used a whole exome 
sequencing approach to look for other cholestasis entities in 20 cases diagnosed 
with BA in Thailand. These authors targeted well 19 genes associated with infantile 
cholestasis syndromes. Variant selection focused on those with allele frequencies 
in dbSNP150 database of less than 0.01. A polymerase chain reaction (PCR)-direct 
sequencing was used to verify all selected variants. Of the 20 cases studied, 13 rare 
variants were detected in nine genes: four in JAG1 (Alagille syndrome), two in 
MYO5B (progressive familial intrahepatic cholestasis [PFIC] type 6), and one each in 
ABCB11 (PFIC type 2), ABCC2 (Dubin-Johnson syndrome), ERCC4 (Fanconi ane-
mia), KCNH1 (Zimmermann-Laband syndrome), MLL2 (Kabuki syndrome), RFX6 
(Mitchell-Riley syndrome), and UG1A1 (Crigler-Najjar syndrome). The authors 
concluded that severe inflammatory cholangiopathy in BA might be a shared pathol-
ogy among several infantile cholestatic syndromes [34]. Although these results may 
be controversially discussed, there is time to verify these conclusions. However, far 
to be univocal the genetic research on BA showed that other genes involved in biliary 
tract dysmorphogenesis and cholestasis, the immunologic response, vasculogenesis, 
and left-right patterning might contribute to this disease with worrisome complica-
tions and prognosis. Currently, clinical investigations and nonhuman model systems 
are focusing on CFC1, CFTR, JAG1, IFN-γ, INV, MIF, VEGF, SOX17, and ZIC3 
[34–40, 65, 67]. Currently, the finalization of genomic studies has not been reached, 
but the application of GWAS points incontrovertibly toward two candidate genes that 
may underlie the development of BA in these patients, including ADD3 and GPC1. It 
may be important to cross the ethnics and investigate other populations. The use of 
next-generation sequencing (NGS) has been a throughput in technology in the last 
decade and will have enormous value in BA research. NGS technologies are miniatur-
ized and parallelized sequencing platforms are targeting from 1 million to 43 billion 
short reads (50–400 bases each) per instrument run. The massive parallel sequencing 
is carried out via spatially separated, clonally amplified DNA templates or single 
DNA molecules localized in a flow cell. NGS is different from the PCR-based Sanger 
sequencing that is based on polyacrylamide gel electrophoretic separation of chain-
termination products available in individual sequencing reactions. NGS strengths 
include the possibility to detect abnormalities across the entire genome, including 
substitutions, deletions, insertions, duplications, copy number changes (gene and 
exon), and chromosome inversions/translocations using less DNA than required for 
traditional DNA sequencing approaches (e.g., Sanger sequencing). NGS gives data 
on some molecular aberrations with no currently clinical significance. It requires 
sophisticated bioinformatics systems, fast data processing, and large data storage 
capabilities, which can be costly without adequate bioinformatics support. Despite 
drawbacks, NGS has been used extensively in research and diagnostics [68–72].
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5. Epigenetics and genetic modifiers of biliary atresia

Epigenetic modification (e.g., methylation) may be at the basis of some BA patients 
[73]. Epigenetics is the investigation of inherited variations in the expression of genes 
that do not involve deviations to the underlying DNA sequence. It means that there is a 
change in phenotype without evidence of a deviation in genotype. Epigenetics specifi-
cally affects how cells translate the genes. There is a natural occurrence of epigenetics, 
but several factors including age, lifestyle, environment, and disease state influence 
the epigenetic flow in an organism. Epigenetic changes can affect how cells terminally 
differentiate or how cancer can occur. There are at least three systems including DNA 
methylation, modification of histones, and non-coding RNA (ncRNA)-associated 
gene silencing that are considered to initiate and endure epigenetic change. Epigenetic 
studies in BA may be particularly challenging because hepatocyte or cholangiocyte 
DNA of patients may be needed. It has been hypothesized that some genes that are 
relevant for the biliary function may be involved. These genes may be A1AT, JAG1, and 
CFTR, but also targeting the bile canaliculus transporters [50, 74–77].

6. Non-genetic contributive factors of biliary atresia

It would be incomplete this chapter, if BA would not be discussed exploring the 
non-genetic causes of this condition. Although poorly understood, some non-genetic 
factors may contribute to the development of this surgically correctable neonatal 
biliary disease. There are several categories, including viruses, toxins, immunological 
dysregulations, and feto-maternal factors [1, 78–82]. Cytomegalovirus (CMV) is a 
genus of viruses in the order Herpesvirales, in the family Herpesviridae, in the subfamily 
Betaherpesvirinae. Both monkeys and humans serve as natural hosts and eight species 
in this genus are known. Among them, there is the human cytomegalovirus, which is 
the species that infects humans. CMV has been implicated in BA a few instances in the 
literature [83–91]. Challenges are the inconsistency of its detection in clinical samples 
or routine liver biopsy. Other viruses include rotavirus and reovirus, but also other 
viruses, such as hepatotropic viruses, have been questioned as etiologic factors for this 
obstructive cholangiopathy of the neonatal age [83, 92–103]. Another etiologic consid-
eration are toxins. Bush tea or other components containing pyrrolizidine alkaloids, 
deriving mostly from the Senecio species, Crotalaria species, Heliotropium lasiocarpum, 
or Symphytum (comfrey), are a known source to hepatologists and toxicologists [104]. 
Hepatotoxic pyrrolizidine alkaloids have been found in 150 species of plants. BA may 
be considered in analogy to the obliterative process seen in pyrrolizidine alkaloids or 
similar plants [105]. In Australia, toxins present in plants of the Dysphania species have 
been associated with a damage of the biliary system in animals, but the significance for 
humans is still uncertain [106, 107]. The incidence of viral infection is not epidemic, 
and BA does not occur outside of the perinatal period. Thus, a virologic etiology may 
not be widely supported by a strong evidence. An immune-related or an autoimmuno-
logic disorder is also still plausible due to the absence of recurrence after transplanta-
tion [50]. In some infants from Egypt, the cause of BA has been demonstrated to be 
result of aflatoxin-induced cholangiopathy acquired prenatally in infants who harbor 
glutathione S-transferase M1 deficiency [108].

7. Final remarks and future perspectives

BA remains a very challenging disease not only from the clinical point of views but 
also for the pathological one and transcriptome analysis cannot provide a univocal 
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answer [109]. The importance to differentiate surgically correctable cholangiopathies 
in the neonatal age is crucial for the prognosis of these patients. The introduction 
of the Kasai HPE has revolutionized the outcome of patients harboring this condi-
tion. The timing when the Kasai HPE is performed has been emphasized as critical. 
Alternatively, liver transplantation is the only hope for liver cirrhosis developed on the 
ground of a BA. The underlying cause(s) and outcome contributor(s) to BA remain 
poorly understood, but new technologies are on the front to target this field. Two 
genes that we currently consider of significant interest for BA are ADD3 gene and 
GPC1 gene. The feasibility of animal models may also be extremely used in studying 
the cohorts of animals that may develop this condition in prospective multigeneration 
investigations. The use of in-depth learning methodologies will be vital in analyzing 
the massive mole of data that can come out from these experiments, but the use of 
highly sophisticated computational platforms is opening the horizon for this disease.
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Chapter 3

Nonalcoholic Fatty Liver Disease
Marco Antonio López Hernández

Abstract

The nonalcoholic fatty liver disease (NAFLD) is the liver disorder that is most com-
mon in Western countries; has a global prevalence of approximately 25%; and is strongly 
associated to obesity and metabolic syndrome. According to the Third National Health 
and Nutrition Examination Survey (NHANES III), the prevalence of NAFLD is more 
common in obese individuals with a prevalence of 39.4% than in lean individuals with 
a prevalence of 7.7%. Nonalcoholic fatty liver disease is the hepatic manifestation of the 
metabolic syndrome and is defined as the accumulation of fat in the liver. The NAFLD is 
defined by an accumulation of fat in liver with >5% of steatosis by histologic examination 
or by proton density fat fraction >5.6%. The diagnosis of NAFLD implies the exclusion of 
secondary causes like alcohol consumption. The NAFLD includes two different patho-
logical conditions with different prognosis: the nonalcoholic fatty liver (NAFL) and the 
nonalcoholic steatohepatitis (NASH), the last one has a wide spectrum of severity.

Keywords: NAFLD, NAFL, NASH, liver disease, fatty liver disease

1. Introduction

The nonalcoholic fatty liver disease is the most common liver alteration in 
the Western countries, with an incidence from the 17–46% of the adult patients 
[1]. Analysis of the Third National Health and Nutrition Examination Survey 
presented in the 2018 Annual Meeting of the American Association for the Study 
of Liver Diseases [2] demonstrated nonalcoholic fatty liver disease prevalence of 
7.7% among lean individuals vs. 39.4% among obese individuals. The prevalence of 
NAFLD among lean individuals without any components of metabolic syndrome 
was 2.2%, and no evidence of increased overall or cardiovascular-related mortal-
ity among this subgroup was found. The presence of diabetes mellitus (DM) was 
identified as independent risk factor for NAFLD in both lean and obese individuals 
in multivariate logistic regression analysis (Table 1).

The nonalcoholic fatty liver disease is defined as the accumulation of fat in the 
liver and can be considered a hepatic manifestation of the metabolic syndrome. The 
prevalence of NAFLD is 20–30% in adults and is higher in industrialized countries [3].

The screening for NAFLD in the community has been questioned for high costs of 
testing, but the progressive form of NAFLD, particularly when associated with advanced 
fibrosis, should be identified in patients at risk, because of its prognostic implications.

2. Definition of NAFLD

The NAFLD is characterized by an excessive liver fat accumulation and insulin 
resistance. Liver biopsy is the standard for diagnosis of NALFD, and it is defined by 
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the presence of more than 5% of steatosis of the hepatocytes by histologic examina-
tion or more than 5.6% assessed by proton magnetic resonance spectroscopy or 
quantitative fat/water selective magnetic resonance imaging.

The diagnosis of NAFLD implies the differentiation of two different liver dis-
orders associated to the liver fat accumulation: the nonalcoholic fatty liver and the 
nonalcoholic steatohepatitis. NAFL can be subdivided in pure steatosis and steatosis 
with mild lobular inflammation. The spectrum of the NASH has includes a wide 
range of stages from: early NASH: no or mild fibrosis (stages F0-F1), fibrotic NASH; 
that includes significant (F2) or advanced (F3) fibrosis, NASH-cirrhosis (F4), and 
hepatocellular carcinoma (Table 2).

The NAFLD also called primary NALFD is associated with risk factors and com-
ponents of metabolic syndrome, like waist circumference >94 cm in men or >80 in 
women, arterial pressure >130/85 mmHg or treated for hypertension, serum triacylg-
lycerols >150 mg/dL, and HDL cholesterol <40 mg/dL in men or <50 mg/dL in women.

The screening for metabolic syndrome independent of liver enzymes in all the 
patients with liver steatosis is recommended, and, because the nonalcoholic fatty 
liver disease is the main reason of unexpected elevated liver enzymes, the patients 
with persistently high elevation of liver enzymes must be screened. The screening 
of NAFLD with liver enzymes and USG in the patients with obesity or metabolic 
syndrome is also recommended.

3. Pathogenesis

The high-calorie diet with an excess of saturated fats and refined carbohydrates 
has been associated with weight gain and obesity and more recently with NAFLD 
[4, 5]. The “multiple hit” hypothesis considers multiple insults acting together on 

NAFL NASH

Pure steatosis Early NASH (F0–F1) no or mild fibrosis

Steatosis with mild lobular inflammation Fibrotic NASH (F2–F3) significant or advanced fibrosis

NASH cirrhosis (F4)

Hepatocellular carcinoma

Table 2. 
Classification of NAFLD.

NAFLD prevalence, % Lean subjects  
(n = 3242)

Obese subjects (n = 2592)

Male Female Male Female

Total 7.32 7.54 50.48* 35.2

Metabolically normal 4.39 7.12 23.89 15.14

DM + hypertension/hyperlipidemia 15.32 23.65 65.61 49.34

Hypertension + hyperlipidemia, only 12.76* 0.92 32.26 25.7

DM, only 15.01 6.50 5.32 57.96*

Hypertension, only 5.17 1.54 29.76 33.48

Hyperlipidemia, only 7.47 9.28 43.91* 20.75
*P < .05 for difference in men vs. women within lean or obese subsets.

Table 1. 
Prevalence of NAFLD according to features of metabolic syndrome in lean and obese subjects in NANHES III.
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genetically predisposed subjects to induce NAFLD and provide a more accurate 
explanation of NAFLD pathogenesis [6].

Dietary habits and genetic and environmental factors can lead to insulin resis-
tance, obesity with adipocyte proliferation, and changes in the gut microbiota. The 
insulin resistance is a key factor in the pathogenesis of NAFLD; the insulin resis-
tance results in a hepatic de novo lipogenesis and impaired inhibition of adipose 
tissue lipolysis, with consequent increased flux of fatty acids to the liver [7]. Insulin 
resistance also promotes adipose tissue dysfunction that results in an impaired 
secretion of adipokines and inflammatory cytokines [8] (Figure 1).

Genetic factors and epigenetic changes, in predisposed individuals, affect 
hepatocyte fat content and contribute to create an inflammatory environment in 
the liver with possible progression to hepatocellular death mediated for both direct 
toxicity and apoptosis activating mechanisms, activation of hepatic stellate cells, 
and deposition of fibrous matrix.

Altered microbiota in the gut leads to the fatty acid accumulation in the small 
bowel, increased permeability and absorption of fatty acids, and raised circulating 
levels of molecules which contribute to the activation of inflammatory pathways 
and release of proinflammatory cytokines [9].

Figure 1. 
Multiple hit theory of pathogenesis of NAFLD.
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Genetic variants, especially in the form of single nucleotide polymorphisms, 
influence hepatic fatty acids flux, oxidative stress, response to endotoxins, and 
cytokine production and activity and are determinants of NAFLD development and 
progression. Epigenetic modifications are defined as stable changes which do not 
alter the basic DNA sequences at transcriptional level, such as histone modifica-
tions, DNA methylation, and activity of microRNAs, and these changes contribute 
to a high degree of developmental and environmentally driven plasticity in the cell 
homeostasis [10, 11].

Genotyping may be considered in selected patients and clinical studies but is not 
recommended routinely. The carriers of the PNPLA3 I148M and the TM6SF2 E167K 
genotypes have a higher liver fat content and increased risk of NASH. The NAFLD 
due to these variants is not systematically associated with features of insulin 
resistance.

4. Diagnosis

The standard procedure for the diagnosis of NASH is the liver biopsy and is the 
only procedure that can differentiate the NAFL from NASH, despite limitations due 
to sampling variability [12].

The histologic NAFL features include steatosis alone, steatosis with lobular or 
portal inflammation, without ballooning, or steatosis with ballooning but without 
inflammation.

For evaluation of severity of the disease, the NAFLD Activity Score (NAS) 
scoring system can be used; this score should not be used for diagnosis. This score 
is correlated with homeostasis model assessment of insulin resistance (HOMA-IR) 
and the aminotransferase level [13].

Noninvasive diagnostic procedures must be considered in primary care settings; 
they identify the risk of NAFLD among individuals with increased metabolic risk; in 
secondary and tertiary care settings, they identify those with worse prognosis; moni-
tor disease progression; and predict response to therapeutic interventions.

When NAFLD is suspected as the primary disease or as a coexisting condition, 
steatosis should be documented. The presence of NASFLD also predicts cardiovas-
cular events, arterial hypertension, and diabetes mellitus. The quantification of fat 
content is not of interest, in clinical practice, except for the evaluation of treatment 
efficacy, and is therefore not generally recommended. Steatosis of the liver should 
be documented by ultrasonography, because it is a cheaper and more available 
method than MRI. US has limited sensitivity and does not reliably detect steatosis 
when <20% [14, 15].

US is the preferred first-line diagnostic procedure for imaging of NAFLD, as 
it provides additional diagnostic information. A quantitative estimation of liver 
fat can only be obtained by 1H-MRS. This technique is of value in clinical trials 
and experimental studies but is expensive and not recommended in the clinical 
setting.

The diagnosis of NASH implicates closer follow-up, provides important 
prognostic information, and indicates an increased risk of fibrosis progression, 
cirrhosis, and possibly hepatic comorbidities. It may also prompt possibly a greater 
need for more intensive therapy. Clinical, biochemical, or imaging measures cannot 
distinguish NASH from steatosis [16, 17].

NASH must be diagnosed by a liver biopsy showing steatosis, hepatocyte bal-
looning, and lobular inflammation. Biomarkers and scores of fibrosis, as well as 
transient elastography, are acceptable noninvasive procedures for the identification 
of cases at low risk of advanced fibrosis/cirrhosis.
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5. Metabolic disorders linked to NAFLD

5.1 Obesity

Insulin resistance has been associated with NAFLD, not only in the liver but also 
in adipose tissues and muscle and also with the metabolic syndrome. The meta-
bolic syndrome is defined as the cluster of any three of the following five features: 
impaired fasting glucose or type 2 diabetes mellitus, hypertriglyceridemia, low 
high-density lipoprotein (HDL) cholesterol, increased waist circumference, and 
high blood pressure [18].

Obesity is the major phenotype and risk condition for NAFLD, driven by insulin 
resistance, and increases the risk of advanced disease. Most lean persons with 
NAFLD display insulin resistance and altered body fat distribution even though 
they have less severe metabolic disturbance than overweight NAFLD.

5.2 Diabetes mellitus

Type 2 diabetes mellitus patients are insulin resistant, often obese, dyslipidemic, 
display increased liver enzymes, and tend to accumulate hepatic fat, without rela-
tion with the body mass index [19–21].

In persons with NAFLD, screening for diabetes is mandatory, and in patients with 
type 2 diabetes mellitus, the presence of NAFLD should be looked for irrespective of 
liver enzyme levels, since those patients are at high risk of disease progression.

5.3 Cardiovascular disease

Atherogenic lesions such as increased carotid intima-media thickness, coro-
nary artery and abdominal aortic and aortic valve calcifications, and endothelial 
dysfunction are more common in NAFLD. The prevalence and incidence of car-
diovascular disease is higher in NAFLD than in matched controls and driven by the 
association between NAFLD and metabolic syndrome components. In most studies, 
biochemical markers of atherosclerosis or inflammation and increased levels of 
procoagulant/prothrombotic factors are more common in NAFLD than in persons 
without steatosis. They are largely independent of traditional risk factors, duration 
of diabetes, glycemic control, drug treatment, and metabolic syndrome compo-
nents. The consensus is that cardiovascular disease should be identified in NAFLD 
regardless of the presence of traditional risk factors. Conversely NAFLD screening 
should be performed in persons at high CVD risk [22–24].

5.4 Natural history

In general, NAFLD is a slowly progressive disease, but in 20% of cases fibrosis 
rapidly progresses. The rate of progression corresponds to one fibrosis stage every 
14 years in NAFL and every 7 years in NASH and is doubled by arterial hyperten-
sion. Compared with the general population, NASH is associated with an increased 
standardized mortality ratio. US-diagnosed NAFLD is not associated with increased 
mortality, presumably because progression to NASH and fibrosis is rare for steatosis 
alone (Figure 2) [25–27].

Metabolic reprogramming for adaptation to the local environment has been 
recognized as a hallmark of cancer. Although alterations in fatty acid metabolism 
in cancer cells have received less attention compared to other metabolic alterations 
such as glucose or glutamine metabolism, recent studies have uncovered the impor-
tance of lipid metabolic reprogramming in carcinogenesis.
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Obesity and nonalcoholic steatohepatitis (NASH) are well-known risk factors 
of hepatocellular carcinoma (HCC), and individuals with these conditions exhibit 
an increased intake of dietary FAs accompanied by enhanced lipolysis of visceral 
adipose tissue due to insulin resistance, resulting in enormous exogenous fatty acid 
supplies to hepatocytes via the portal vein and lymph vessels. However, the way in 
which HCC cells adapt to such a condition and exploit it to aid their progression is 
not understood. In addition, accumulating evidence supports the importance of 
lipid metabolic reprogramming in various situations of hepatocarcinogenesis.

5.5 Treatment

Successful treatment of NASH should improve outcomes. The resolution of 
the histological lesions defining NASH is now accepted as a surrogate end point, 
particularly in clinical trials. Few well-designed randomized controlled trials are 
available, with improvement/regression of hepatic necroinflammation and/or 
fibrosis as primary outcomes.

5.6 Diet and lifestyle changes

Epidemiological evidence suggests a tight relationship between unhealthy 
lifestyle and NAFLD, which makes lifestyle correction mandatory in all patients. 
Relatively small amounts of weight loss reduce liver fat and improve hepatic insulin 
resistance [28].

For the patients with NAFLD, structured programs for lifestyle changes toward 
healthy diet and habitual physical exercise  are recommended. The counseling for 
healthy diet and physical activity is the election therapy in patients without NASH 
or fibrosis and with no pharmacotherapy for their liver condition. In overweight 
or obese NAFLD, weight loss, with a target of 7–10% of the basal weight, is recom-
mended; this results in histology and liver enzyme improvement. Dietary recom-
mendations should consider the caloric restriction and the exclusion of processed 
food and food and beverages high in added fructose which are NAFLD-promoting 
components. A macronutrient composition is recommended according to the 

Figure 2. 
Natural history of NAFLD. HCC denotes hepatocellular carcinoma.
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Mediterranean diet. Both resistance training and aerobic exercise effectively reduce 
the amount of fat in the liver. The training must be maintained in the long-term 
and then is recommended that the choice of training should be tailored based on 
patients’ preferences.

5.7 Drug therapy

Pharmacotherapy should be reserved for patients with NASH, particularly 
for those with significant fibrosis (stage F2 and higher). Patients with less severe 
disease, but at high risk of disease progression, could also be candidates to prevent 
disease progression.

While no firm recommendations can be made, pioglitazone or vitamin E or their 
combination could be used for NASH.

The optimal duration of therapy is unknown; in patients with increased ALT 
at baseline, after 6 months of therapy, treatment should be stopped if there is no 
reduction in aminotransferases; no recommendations can be made in patients with 
normal ALT at baseline.

The statins have not been showed benefit in liver harm in patients with NAFLD, 
but may be confidently used to reduce LD cholesterol and prevent cardiovascular 
risk. There is not data to support the use of n-3 polyunsaturated fatty acids specifi-
cally for NASH, but reduce both liver and plasma lipids [29].

By improving obesity and diabetes, bariatric surgery reduces liver fat and is 
likely to reduce NASH progression; prospective data have shown an improvement in 
all histological lesions of NASH, including fibrosis [29].

5.8 Drugs in study

In the 2018 Annual Meeting of the American Association for the Study of Liver 
Diseases, phase II data in therapies with drugs for NAFLD and NASH were pre-
sented (Table 3).

5.9 Farnesoid X receptor agonists

Farnesoid X receptors (FXRs) are nuclear hormone receptors expressed in high 
amounts in body tissues that participate in bilirubin metabolism including the liver, 

Agent MOA N Study population

GS-9674 FXR agonist 140 NASH

Obeticholic acid FXR agonist 84 NASH, fibrosis

Tropifexor FXR agonist 198 NASH

NGM282 FGF19 analogue 38, 85 NASH

MGL-3196 THR-β agonist 125 NASH, hepatic fat fraction ≥10%

VK2809 THR-β agonist 35 NAFLD, liver fat >8%, elevated LDL-C and TG

GS-0976 ACC inhibitor 75 NASH, no cirrhosis

Aramchol SCD1 inhibitor 247 NASH, overweight or obesity, prediabetes or 
diabetes

Semaglutide GLP-1 receptor 
agonist

957 Obesity, no diabetes

Table 3. 
Phase II Data on Investigational NAFLD/NASH Therapies Presented at AASLD 2018.
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intestines, and kidneys. Bile acids are the natural ligands of the FXRs. XRs play a 
critical role in carbohydrate and lipid metabolism and regulation of insulin sensitiv-
ity. FXRs also modulate live growth and regeneration during liver injury.

The farnesoid X receptor agonist GSK-9674 was compared with placebo at doses 
of 30 and 100 mg and showed ≥30% relative reduction in liver fat, and markers of 
fibrosis also improved [30].

Obeticholic acid (OCA) is a semisynthetic bile acid analogue which has the 
chemical structure 6α-ethyl-chenodeoxycholic acid. The natural bile acid, cheno-
deoxycholic acid, was identified in 1999 as the most active physiological ligand for 
the farnesoid X receptor, which is involved in many physiological and pathological 
processes. In a double-blind, placebo-controlled, phase II study, the OCA was com-
pared with placebo; at week 16, patients with vs. without cirrhosis (F4 vs. F1–F3) 
showed no trend for differences in ALT, bilirubin, platelets, and INR [31].

The FLIGHT study on tropifexor (TXR), a three-part randomized, placebo-
controlled, double-blind, dose-ranging phase IIb study in adults with NASH, weigh-
ing 40–150 kg with liver fat ≥10%, showed reduction in liver fat, ALT, and GGT 
compared with placebo [32].

5.10 Fibroblast growth factor (FGF) analogues

NGM282 is a non-tumorigenic analogue of human FGF19 demonstrating 
significant reductions in hepatic steatosis, liver transaminases, and fibrosis mark-
ers after 12 weeks of treatment at doses of 3 and 6 mg. The use of NGM282 for 
12 weeks at doses of 1 and 3 mg showed clinically meaningful improvements in 
fibrosis in NASH patients and in all components of the NASH, and this was pre-
ceded by rapid and significant improvements in liver transaminases and imaging-
based parameters [33].

5.11 Tyroid hormone receptor beta (THR-β)

In a randomized, multicenter, placebo-controlled phase IIa study, at Week 
12 a higher proportion of patients with liver fat >30% compared with placebo is 
shown [34].

MGL-3196 is a liver-directed, orally active, highly selective THR-β agonist which 
may reduce lipotoxicity in NASH by increasing hepatic fat metabolism. At Week 36, 
MGL-3196 treatment compared with placebo resulted in significant and sustained 
reductions in hepatic fat on MRI-PDFF, liver enzymes, fibrosis biomarkers, ath-
erogenic lipids, and improvement in NASH on liver biopsy. In the patients treated 
with MGL‐3193 was observed ≥30% fat reduction (MRI-PDFF) at Week 12 and 
improved NASH histologic response at Week 36 were predicted [35].

5.12 Acetyl-CoA carboxylase (ACC) inhibitor

Elevated plasma levels of medium- and long-chain acylcarnitines are markers 
of impaired mitochondrial beta oxidation of fatty acids. GS-0976 inhibits cyto-
plasmic ACC1 and mitochondrial ACC2 thereby reducing fatty acid synthesis and 
augmenting beta oxidation, respectively. NASH patients who responded to GS-0976 
demonstrated a reduction in plasma acylcarnitine species with reduction of liver fat 
by MRI-PDFF also. This effect is consistent with an improvement in the efficiency 
of mitochondrial beta oxidation. The reductions in plasma acylcarnitine species 
provide further evidence to support, in patients with NASH for the therapeutic 
targeting of ACC1 and ACC2 [36].
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5.13 Stearoyl-coenzyme A desaturase 1 (SCD-1) modulator

Aramchol (arachidyl amido cholanoic acid) is a novel fatty acid bile acid conju-
gate, inducing beneficial modulation of intrahepatic lipid metabolism. The ARREST 
study enrolled 247 NASH patients who were overweight/obese and had prediabetes 
or diabetes with HbA1C at baseline of 6.6%. More than 50% were hypertensive and 
had dyslipidemia. Baseline histology demonstrated a population with advanced 
disease, with 60% having stage 2 and 3 fibrosis and 70% having NAS ≥ 5.

The study ARREST, is a randomized, global phase IIb study with aramchol in 
patients with NASH and diabetes or prediabetes, compared aramchol at doses of 400 
and 600 mg versus placebo, in the aramchol patients the proportion with >5% of 
reduction in liver fat by MRI, the resolution of NASH than in the placebo group [37].

5.14 Glucagon-like peptide type 1 (GLP-1) receptor agonist

The glucagon-like peptide 1 analogues semaglutide and liraglutide improve 
glycemic control and reduce elevated liver enzymes in subjects with type 2 diabe-
tes and reduce body weight in subjects with or without diabetes. Semaglutide at 
doses of 0.2–0.4 mg daily reduced ALT in subjects with obesity and high ALT to an 
extent that was broadly comparable across weight loss categories and resulted after 
52 weeks in dose-related ALT normalization in up to 46% of subjects. These data 
suggest a potential role for semaglutide in the treatment of NAFLD with elevated 
liver enzymes [38].

5.15 Bariatric surgery

Medical therapy, including the newly available drugs, has only limited effects 
and does neither influence survival or the development of complications or the pro-
gression of NASH to liver cirrhosis or the development of hepatocellular carcinomas 
in NASH. Importantly, even existing diabetic complications such as nephropathy as 
well as the features of NASH can be reversed by metabolic surgery.

Metabolic surgery is a very effective treatment for NAFLD in general, but in 
particular for NASH, the beneficial and significant changes in steatosis and NAS 
after metabolic surgery have been shown with steatosis decreased from 60 to 
10% after surgical treatment, and the NASH diminished from 5 to 1, essentially 
normalizing the liver histology in patients with NASH. Metabolic surgery has even 
shown to reduce liver fibrosis. A meta-analysis also demonstrated this effect: each 
of the 16 studies included demonstrated a diminution of steatosis after metabolic 
surgery [39, 40].

6. Conclusions

The nonalcoholic fatty liver disease is the liver disorder most common in Western 
countries, has a global prevalence of approximately 25%, and is strongly associated 
to obesity and metabolic syndrome. Successful treatment of NASH should improve 
outcomes. Lifestyle changes are the foundation of any treatment plan and weight 
loss ≥3–10% associated with histologic improvement in NAFLD. In the guides of 
the European Association for Study of Liver disease (EASLD) and the American 
Association for the Study of Liver Disease (AASLD) is cited recommendations for 
the use of vitamin E (NASH without diabetes), pioglitazone (NASH with or without 
diabetes), and bariatric surgery.
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Abstract

Chronic liver disease at initial stages often occurs with no symptoms or with 
very non-specific symptoms, so timely diagnosis of chronic liver disease is of great 
importance, and there are significant difficulties involved therein. Not being able to 
diagnose the hepatic disease early, difficulties with the management of the disease 
and treatment arise. Different aspects of the clinical and laboratory evaluation may 
be of assistance in providing an early diagnosis, ranging from laboratory tests, to 
ultrasound, to EGD, and to rheohepatography (not used that frequently) among 
others. Stages of hepatitis affect the hepatic and general symptoms, and morpho-
logical changes in liver tissue are presented and discussed, followed by a section 
devoted to hepatic encephalopathy (HE) and how it is influenced by cerebral 
hemodynamics and state of liver cirrhosis (LC).

Keywords: liver, chronic hepatitis, liver cirrhosis, chronic diffuse liver disease, 
hepatic encephalopathy

1. Introduction

Chronic hepatitis (CH) and liver cirrhosis (LC), especially the latter, are the 
most common cause of portal hypertension (PH), leading to changes in the func-
tional ability of the affected organ, which is manifested by corresponding changes 
in blood biochemical parameters. At the same time, among the many clinical 
manifestations of the disease, there is no symptomatology pathogenic for these 
conditions, which allows for a timely diagnosis. That leads to the difficulties of early 
detection of the transition of the inflammatory process of the liver to the cirrhosis, 
and the possibility of initiating timely treatment.

In patients of different age groups with liver cirrhosis of viral etiology of classes 
A, B, and C according to Child-Pugh, chronic hepatic encephalopathy of all stages 
can occur against the background of dyscirculatory disorders with the develop-
ment of chronic cirrhosis (LC) with the rapid disability of patients. In recent 
decades, studies have been conducted on the effect of LC on the severity of hepatic 



Liver Cirrhosis - Debates and Current Challenges

58

encephalopathy (HE), etiology, stages of the disease, and psychological character-
istics of the personality [1–4]. In modern approaches to the treatment of LC, it is 
necessary to take into account the etiological factor, the reduction of pathogenetic 
reactions that support the activity of the process, prevention of progression of 
cirrhosis, treatment of symptoms, and complications of the disease such as portal 
hypertension, HE, ascites, ascites-peritonitis, and hepatorenal syndrome. HE can 
be subclinical in nature, and mortality among patients is up to 10% and is mostly 
associated with comorbidities, and not with complications of portal hypertension 
[5–8]. Therefore, the assessment of the degree of HE and the corresponding indi-
vidualized approach to each patient in terms of the selection of therapy can signifi-
cantly reduce its stage, which also improves the quality of life of patients [9, 10]

1.1 Materials and research methods

The most common methods of laboratory diagnosis of chronic diffuse liver dis-
ease (CDLD) are biochemical analysis of blood, the study of coagulation with the 
assessment of coagulation, anticoagulation systems, and special tests to determine 
some of the complications of the underlying disease. The case of active and com-
plicated course of the disease can be obtained from a general blood test. Indicators 
of coagulation and blood rheology are important, excluding in the postoperative 
period a number of serious complications due to impaired microcirculation can 
develop and including acute hepatocellular insufficiency, gastrointestinal bleeding, 
and even with inactive liver cirrhosis.

1.2 Materials and research methods used for assessing hepatic encephalopathy

One hundred seven patients (87 (81.3%) men and 20 (18.7%) women) with  
viral etiology LC were examined: HBV infection (n = 35.1%), HCV infection  
(n = 46.1%), and infection HBV + HCV (n = 18.8%) aged from 30 to 69 years 
(average age was 57.3 ± 4.6 years). According to the compensation stages by Child-
Pugh LC, the patients were divided into three groups: the first group (n = 35) 
consisted of Class A LC patients, the second group (n = 37) consisted of Class B 
patients, and the third group (n = 35) included patients with Class C LC. To con-
firm the diagnosis of LC and its etiology and stage of compensation and complica-
tions, the clinical picture and history of the disease were studied; a complex of 
clinical, laboratory and instrumental diagnostic methods was conducted. To match 
the fibrosis index and the LC for METAVIR and ISHAK, a classification counting 
scale (Bonacini) was used. Patients with cardiac arrhythmias and hormonal status 
were excluded from the study, without heart defects and an increase in blood pres-
sure above stage III.

Clinical diagnosis of HE, assessment of its severity, and basic and additional 
instrumental studies were conducted in accordance with the recommendations of 
the working group of the 11th World Congress of Gastroenterologists. Evaluation 
of the stages of HE was carried out according to a descriptive scale of West-Haven 
symptoms and Reitan test (number connection test). Ultrasound diagnosis of 
cerebral hemodynamics was performed using the PHILIPS EPIQ 7G ultrasound 
machine (USA) using the W. J. Zwiebel, J. S. Pellerito method (2010). Diagnostics of 
brain blood flow included the study of blood flow parameters in the internal carotid 
(ICA) and middle cerebral arteries (MCA) of the first order of both hemispheres, 
maximal, minimal, and average BFV; contralateral asymmetry of the mean BFV; 
carbon-dependent blood flow indicators (RI and PI); cerebral perfusion pressure; 
reactivity of blood flow; cerebrovascular blood reserve; cerebrovascular reactiv-
ity index; and vasomotor reactivity, were determined by the functional reserve of 
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the connecting arteries of the circle of Willis Matas sample. To study the function 
of the heart in LC, echocardiography was performed in the M-modal and two-
dimensional modes according to the standard method of the American Association 
of Echocardiography. In 15.9% of cases, autopsy material served as the object of 
research of the abdominal cavity and brain. For the differential diagnosis of LC and 
its complications, CT, MRI, FGDS, Reitan’s combination test, and electroencepha-
lography were performed.

The study of the parameters of cerebral hemodynamics with LC of classes A, B, 
and C consisted of several stages. At the first stage, the parameters of central hemo-
dynamics were studied. The central element in this question was the study of the 
systolic function of the left ventricle. At the second stage, the parameters of cerebral 
hemodynamics were studied. The results of the average values of blood flow param-
eters and intima-media complex (IMC) thickness in the internal carotid arteries with 
LC of classes A, B, and C were analyzed. In addition, the presence of hemisphere 
asymmetry was associated with the development of dyscirculatory disorders, con-
firmed by neuroimaging and autopsy of the brain. Thus, in the prospective observa-
tion, the autopsy material of the brain served as confirmation of the comorbidity of 
HE and dyscirculatory disorders from minimal to irreversible with the LC.

All patients with clinical and instrumental signs of chronic HE and cerebrovas-
cular insufficiency were given a psychometric test of Reitan for the connection of 
numbers.

Processing of the obtained clinical and laboratory and instrumental data was 
carried out using the criteria of parametric and nonparametric statistics. The 
magnitude of the distribution of the Gauss density was estimated from the values of 
the interquartile range. The correlation matrix method was used to determine the 
degree of interrelation between individual signs. Statistical processing of the mate-
rial obtained was carried out using the program Stat Soft Statistica, version 10.0.

2. Chronic hepatitis of minimal activity

The clinical picture of patients with minimal activity CH was characterized by a 
paucity of symptoms. The majority of patients (21) had an asymptomatic course of 
the disease. The admission of patients to the hospital was associated with symptoms 
of chronic cholecystitis or the presence of changes in the biochemical blood tests 
detected during the preventive examination. In some cases, treatment was associ-
ated with the appearance of some symptoms of asthenic and dyspeptic syndrome in 
individuals who considered themselves practically healthy. However, some patients 
complained of weakness (31.4%) and nausea (23.4%).

Careful collection of anamnesis showed that 66.2% (131) of the patients previ-
ously had AVH, 15.6% (31) had contact with patients with AVH, 12.1% (24) shortly 
before the disease underwent surgery and blood transfusion or long-term (more 
than 1 month) received intramuscular injections, and only 12 patients pointed to 
alcohol abuse.

In patients with chronic hepatitis (Tables 1 and 2), with minimal degree of 
activity, no statistically significant expansion of the diameter and cross-sectional 
area of the portal and splenic veins was compared with the control group.

There were also no statistically significant changes in the maximum and volu-
metric blood flow velocities through the portal and splenic veins with pulsed-wave 
Doppler sonography.

An increase in portal pressure primarily affects the volume velocity of the blood 
flow in the portal and then in the splenic veins, depending on its size. So, at the level 
of portal pressure up to 128.3–134.3 mm H2O, a further increase in pressure in the 



Liver Cirrhosis - Debates and Current Challenges

60

portal vein to 140.3–146.3 mm H2O leads to initial changes in hemodynamics in the 
splenic vein.

Echographic signs of chronic cholecystitis with calculi of various sizes were 
found in 51.5% of patients.

CT scan, performed in 15.2% of patients, also showed no changes in the liver, 
with the exception of 60% of patients with chronic cholecystitis, where gallbladder 
calculi were visualized.

Radiocontrast study in eight (24.2%) patients revealed a diffusely uneven 
distribution of radiopharmaceuticals in the liver at normal sizes and even and clear 
contours of the organ.

Esophagogastroduodenoscopy in 24.4% of patients found superficial, in 21.2% 
atrophic, and in 3% subatrophic gastritis, in 21.2% duodenitis, in 12% duodenogas-
tric, and in 15% gastroesophageal reflux, in some cases with erosive esophagitis.

Thus, the clinical diagnosis of minimal activity CH is based on a thorough col-
lection of anamnesis, clarification of complaints, clinical symptoms, and laboratory 
data, which allows to establish a clinical diagnosis and determine the tactics of 
further research and treatment by the first day after admission. The information 
content of noninvasive additional research methods in patients of this group is 

Indicators CH of minimal activity (n = 207) M ± SD in patients of 
control group (n = 40)

р

Limits of 
variation

M ± SD

Inner diameter, mm 6.0–8.0 6.63 ± 0.69 6.41 ± 0.61 >0.05

Cross-sectional area, 
sq. cm.

0.28–0.51 0.37 ± 0.02 0.33 ± 0.02 >0.05

Max BFV, cm/s 17.0–22.2 18.94 ± 0.97 19.22 ± 2.23 >0.05

BVF, ml/min. 274.3–539.6 379.51 ± 74.33 345.41 ± 34.62 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 2. 
Results of hemodynamic studies in the splenic vein with chronic hepatitis of minimal activity (M ± SD).

Indicators CH of minimal activity (n = 207) M ± SD in patients of 
control group (n = 40)

р

Limits of 
variation

M ± SD

Inner diameter, mm 9.0–13.0 10.71 + 1.25 10.22 + 0.71 >0.05

Cross-sectional 
area, sq. cm.

0.64–1.33 0.91 ± 0.05 0.83 ± 0.03 >0.05

Max BFV, cm/s 18.2–25.0 21.63 ± 1.56 21.63 ± 2.71 >0.05

BVF, ml/min. 686.3–
1910.3

1161.91 ± 341.19 1075.8 ± 83.61 >0.05

Portal vein pressure, 
mm H2O

98.3–164.3 123.3 ± 10.49 113.0 ± 4.41 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 1. 
Results of hemodynamic studies in the portal vein in patients with chronic hepatitis of minimal activity 
(M ± SD).
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extremely low. In this regard, morphological study is the most objective and infor-
mative diagnostic method.

A histological study conducted in 16 patients showed that 12 of them have a 
morphological picture of chronic persistent hepatitis, including 7 patients with 
chronic calculous cholecystitis.

Biopsy in this category of patients is very problematic, due to the frequent rejection 
of patients from the study, due to the invasiveness of the technique. At the same time, 
we consider it unnecessary to conduct histological studies on a universal basis, limiting 
the indications for its implementation only to those who need histological monitoring 
of the effectiveness of the treatment or surgical intervention, due to the long-term, 
uncorrected conservative therapy, and activation of the pathological process in the 
liver. In other cases, the activity of the pathological process should be determined by 
the level of transaminases (an increase in the ALT level to three norms).

3. Chronic hepatitis of moderate activity

The clinical manifestation in 39 patients with moderately active chronic hepa-
titis was different from the previous group by more intense symptoms than in the 
previous group. Most patients (30) were admitted to the clinic due to the existing 
symptoms of abdominal pain and dyspeptic, asthenic, and hemorrhagic syndromes. 
Twenty-three patients complained of pain (9) and severity (14) in the right hypo-
chondrium, especially after an error in diet or exercise. In nine of them, the pain 
was paroxysmal. Six patients indicated nausea and vomiting (3) after ingestion of 
fatty foods, 7 patients indicated disorders of the stool, 6 patients indicated irritabil-
ity, 14 patients indicated weakness, 7 patients indicated decreased performance, 
and 3 patients indicated bleeding from the nose and gums.

According to case records it turned out that 15 patients had previous AVH, 3 
of them received hormonal therapy due to severe disease, 5 pointed to jaundice of 
unknown etiology, 6 contact with AVH patients, and 4 undergone surgery, blood 
transfusion, or prolonged (up to 1 month) intramuscular injections.

The general condition was assessed in 25 patients as satisfactory and in 14, mod-
erate. Reduced nutrition occurred in 15 patients, single telangiectasia on the upper 
half of the chest in 4 patients. Yellow skin extinguishing and icteric sclera were 
observed in eight, palmar erythema in five patients. Visually abdominal distension 
was determined in four patients. On palpation, in 26 patients, an enlarged liver was 
protruded, projecting 2–3 cm from under the edge of the right costal arch. In 23 of 
them its compaction and tenderness was determined. The spleen in six patients was 
slightly enlarged; its lower pole was felt at the edge of the left costal arch without 
any subjective sensations.

Hypochromic anemia of grade 1 occurred in grade 7, grade 2, and grade 6, 
moderate transient thrombocytopenia in seven, and accelerated ESR in 22 patients. 
However, when recalculating the peripheral blood indices for the total number 
of patients with moderately active chronic gastritis, a moderate decrease in the 
number of red blood cells was obtained with relatively normal values of other 
peripheral blood indices. Evaluation of the functional state of the liver using a 
complex of biochemical research methods showed the depression of its function, 
which was expressed by a significant increase in bilirubin (58.1 ± 1.4 mmol/l) 
fractions of aminotransferases more than three standards (ALT, 2.27 ± 0.06; AST, 
1.17 ± 0.06 mmol/h l). Dysproteinemia was observed (albumin 49.1 ± 0.89% and 
globulins 23.3 ± 0.35%), with a decrease in albumin/globulin coefficient (A/G ratio) 
to 0.96, with relatively normal indicator total protein levels.
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In patients with chronic hepatitis of moderate degree of activity, the contours of 
the liver were even in only 154 (74.4%) patients, and the pointed edge of the liver 
was found in 169 (81.6%) patients. The echogenicity of the parenchyma is irregu-
larly increased in 197 (80.7%) patients. In 143 (69.1%) patients, the phenomenon 
of “distal attenuation” of ultrasound was observed, while the oblique size of the 
right lobe of the liver was more than 160 mm. In addition, 28 (13.5%) patients with 
chronic hepatitis had abdominal lymphadenopathy at the gate of the liver.

In patients with chronic hepatitis of moderate activity of the inflammatory 
process (Tables 3 and 4), expansion of the portal vein diameter and, accord-
ingly, an increase in its cross-sectional area against a background of pressure 
increase in it were noted. At the same time, there was no statistically significant 
increase in the internal diameter and cross-sectional area of the splenic vein; 
although in some patients, there was a change in both signs indicating increased 
portal pressure.

Doppler study of the blood flow in the portal vein did not show a statistically 
significant decrease in the maximum and increase in the volumetric flow rate. 
From the data presented in Table 4, it is also clear that signs of hemodynamic 
disturbances are observed in the splenic vein, which coincide in their direction 
with those in the portal vein, but quantitatively these changes are not so signifi-
cant (p > 0.05).

Indicators CH of moderate activity (n = 23) M ± SD in patients of control 
group (n = 40)

р

Limits of 
variation

M ± SD

Inner diameter, mm 6.0–9.0 7.11 ± 0.83 6.4 ± 0.61 >0.05

Cross-sectional 
area, sq. cm.

0.28–0.64 0.41 ± 0.03 0.33 ± 0.02 >0.05

Max BFV, cm/s 15.2–20.1 17.81 ± 0.94 19.2 ± 2.23 >0.05

BVF, ml/min. 280.2–608.3 402.01 ± 84.41 345.4 ± 34.62 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 4. 
Results of hemodynamic studies in the splenic vein in patients with chronic hepatitis of moderate activity 
(M ± SD).

Indicators CH of moderate activity (n = 23) M ± SD in patients of 
control group (n = 40)

р

Limits of 
variation

M ± SD

Inner diameter, mm 11.0–14.0 12.81 ± 1.11 10.2 ± 0.71 <0.05

Cross-sectional area, 
sq. cm.

0.95–1.54 1.29 ± 0.04 0.83 ± 0.03 <0.05

Max BFV, cm/s 16.1–23.2 18.92 ± 1.72 21.6 ± 2.71 <0.05

BVF, ml/min. 686.7–1898.1 1257.51 ± 355.23 1075.8 ± 83.61 <0.05

Portal vein pressure, 
mm H2O

145.6–190.9 164.4 ± 9.34 113.0 ± 4.41 <0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 3. 
Results of hemodynamic studies in the portal vein in patients with chronic hepatitis of moderate activity 
(M ± SD).
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It is noted that the increase in portal pressure to the level of 170.3–174.4 mm H2O 
led to changes in hemodynamic parameters: diameter and linear and volumetric 
blood flow velocity in the portal vein. A further increase in portal pressure to 
178.4–182.6 mm H2O influenced the change in the above parameters of hemody-
namics in the splenic vein. First of all, these changes concerned the diameter of the 
portal vein and the volumetric blood flow in the hepatoportal bed.

CT, as well as in the previous group of patients, was performed in a limited 
number of 42 patients (20.3%). In the study in addition to moderate hepatomegaly, 
changes in the parenchyma of the liver were not found. In 32 cases, along with an 
increase in the size of the liver, concrements of the gallbladder were detected.

Radiocontrast study performed in 39% of patients revealed a moderate increase 
in the size of the liver and, in 82% of cases, a diffuse decrease in the accumulative 
function of the organ. In 5% of cases there was a redistribution of the radiopharma-
ceutical in the spleen.

EGD was performed in 149 (72%) patients; in 69 of them inflammatory, changes 
of the upper digestive tract were found in the form of superficial (32), erosive 
gastritis, duodenitis (32), duodenogastric (1), and gastroesophageal (4) reflux.

Thus, patients with chronic hepatitis of moderate activity are characterized by 
the presence of more constant clinical and laboratory changes that characterize the 
patient’s true state. In a similar situation, conducting additional noninvasive research 
methods (ultrasound and radiocontrast study) allows a certain part of patients to 
reveal data (a uniform increase in the size of the liver, changes in the parenchyma of 
the organ) characterizing the morpho-functional state of the affected organ.

Histological studies of liver tissue carried out in 28 patients, in order to detect 
the morphological state of the liver; 61% of the examined patients found a picture 
of chronic persistent (CPH), and 39% had chronic active hepatitis (CAH).

Morphological studies of patients with chronic CH activity are not only diagnos-
tic and diagnostic but also tactical. More than 1/3 of the patients in this group have 
a histological picture of CAH, in which the treatment tactics is somewhat different 
than with CPH. Therefore, for the development of a pathogenetic-based surgical 
tactics for chronic hepatitis C, we consider it expedient to perform not only intraop-
erative but also preoperative liver biopsy.

4. Chronic hepatitis of severe activity

This group consisted of 171 patients with the most prominent clinical symptoms 
of severe disease. Complaints and manifestations of the disease included almost the 
entire clinical syndromology of CDLD. The majority of patients (84.2%) complained 
of pain or heaviness in the right hypochondrium and epigastrium (abdominal pain 
syndrome); 63.2% of patients complained of weakness and fatigue; 47.4% - reduction 
of working ability (asthenic syndrome); 58% - loss of appetite; 21% - weight loss; 21% -  
nausea; 15.8% -  disorders of the stool and flatulence (dyspeptic syndrome); 15.8% -  
jaundice; 15.8% - pruritus; 15.8% - dark urine; 10.5% - bleeding from the nose and 
gums; 5.3% - subcutaneous hemorrhages; 5.3% -  menorrhagia; 10.5% - dysmenorrhea 
(endocrine syndrome); 15.8% - increase in the size of the abdomen and decreased 
diuresis; 10.5% - leg swelling (edema-ascitic syndrome); 10.5% - by memory loss, 
drowsiness, and periods of disorientation in time and space; and 5.3% - improper 
behavior (encephalopathy syndrome). In 26.3% of patients, the appearance of the 
above complaints was accompanied by an increase in body temperature to 38–39°C.

Anamnestic data showed that 90 patients in the period from 4 months to 11 
years ago had AVH, 18 of them received hormonal (prednisolone) therapy due to 
severe disease, 18 indicated episodes of jaundice of unknown etiology, 36 on contact 
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with AVH patients, 18 for previous surgical interventions with transfusion of donor 
blood or long-term infusion and injection therapy, and 9 for taking antituberculosis 
drugs (rifampicin, isoniazid, streptomycin, and analogues of these drugs) for 1 year 
or more, according to suspected pulmonary tuberculosis.

Condition of 18 patients at admission to the clinic is regarded as satisfactory, 126 
moderate, and 27 severe. Severity of the condition was due to the course of the under-
lying disease, as well as secondary changes from other organs. Severe jaundice occurred 
in 27 patients; in 9 of them with subcutaneous hemorrhages; in 18 patients with telan-
giectasias on the skin of the chest, shoulders, and face; and in 9 patients with urticaria 
on the face and neck. Yellowness of the skin and sclera was detected in 45 patients. And 
at 18 it was accompanied by skin itch, as evidenced by the traces of scratches that were 
present in these patients. Palmar erythema was found in 30 patients. Nutrition in 42 
patients was reduced, and in 27 patient, there was pronounced weight loss. However, 
only nine patients indicated weight loss during the last 6 months.

According to 45 patients auscultation data, systolic murmur at the apex of 
the heart and at the Erb’s point was heard. A moderate increase in the abdomen 
occurred in 36 patients. On palpation, 108 patients had hepatomegaly, and in 26 of 
them, the lower edge of the liver protruded more than 5 cm from under the edge of 
the right costal arch (along the midclavicular line to the right). The edge of the liver, 
as a rule, is rounded, the surface is smooth, and tissue is somewhat thickened and 
painful. In 18 cases, an enlarged, painful, slightly tense gallbladder was palpable. 
In 36 patients enlarged spleen was determined, tissue being compacted and painful 
on palpation. In 18 of them, the lower pole of the organ emerged from under the 
edge of the left costal arch by 3–5 cm and in 9 by more than 6 cm. Free fluid in the 
abdominal cavity was detected in 11 patients with a severe course of the pathologi-
cal process.

Patients in this group had hypochromic anemia, moderate thrombocytopenia 
(platelets less than 200,000), and accelerated ESR. Liver function was character-
ized by severe hyperbilirubinemia (total of 74.2 ± 8.2 mmol/l), mainly due to the 
direct fraction (49.7, 1.9), increased transaminase levels (AlAT, 2.67±0, 12; AsAT, 
1.6 ± 0.15 mmol/h l), and in 7 (21%) dysproteinemia in the form of hypoalbuminemia 
(45.8 ± 0.53%) and hypergammaglobulinemia (25.9 ± 0.4%). Thymol test result 
tended to increase (9.0 ± 0.5 units), reaching 31 units in severe patients.

Ultrasound examination in all patients of this group revealed an increase in the 
size of the liver compared with the data of the previous group (Table 5). In patients 
with chronic hepatitis of high activity in 64 (37.4%) patients, the contours of the 
liver were lightly wavy; in 54 (31.6%) the edge of the liver was rounded. In 153 
(89.5%) patients, the echogenicity of the liver parenchyma was unevenly elevated. 
The phenomenon of “distal attenuation” of ultrasound was detected in 134 (78.4%) 
patients, while the oblique size of the right lobe of the liver was more than 180 mm. 
In addition, 49 (28.78%) patients had lymphadenopathy in the gates of the liver, 
and 11 (6.4%) patients had a small amount of free fluid in the abdominal cavity, 
indicating the development of portal hypertension in these patients, which is not 
rare. It happens with the so-called “active” hepatitis at the height of the clinical and 
morphological manifestations of the disease.

A statistically significant enlargement of the liver in comparison with the 
control group was observed due to the total liver lobes: right to 186.13 ± 7.45 mm and 
90.61 ± 6.81 mm and the caudate to 24.36±1.43 mm. The area of the spleen in this 
group of patients was up to 40.93±1.99 sq. cm.

Results presented in Tables 6 and 7 rather convincingly indicate that patients 
with chronic hepatitis of a high degree of inflammatory activity show significant 
disorders of hepatic hemodynamics, manifested by a relatively high level of portal 
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pressure and dilatation of the portal and splenic veins without changing the velocity 
parameters of blood flow in them.

It is noted that the increase in portal pressure to the level of 185.5–197.2 mm H2O 
leads to a change in hemodynamic parameters: diameter and linear and volumetric 
blood flow velocity in the portal (mainly) and splenic veins. At first, volumetric 
blood flow velocity increases due to pressure in the above veins.

Thus, in patients with chronic hepatitis, there were changes in the echographic 
parameters of the liver and spleen, as well as the parameters of portal hemodynam-
ics, depending on the degree of development of the cytolytic syndrome.

Radiocontrast study performed in 108 patients found an increase in the size of 
the liver, and in 9 of them there was a diffuse uneven accumulation of radiopharma-
ceuticals in the liver and its redistribution into the spleen (in 36). In 45 cases, these 
changes are estimated as CH transition to liver cirrhosis.

Indicators
Size, mm

CH of severe activity (n = 23) M ± SD in patients of 
control group (n = 40)

р

Limits of 
variation

M ± SD

Liver

Oblique size of the right lobe 120.0–
205.0

186.13 ± 7.45 137.81 ± 1.79 >0.05

Anteroposterior size of the 
left lobe

66.0–114.0 90.61 ± 6.81 55.72 ± 1.87 >0.05

Anteroposterior size of the 
caudate lobe

21.0–30.0 17.63 ± 1.8 17.63 ± 1.83 >0.05

Spleen

Area, sq. cm 31.9–45.1 40.93 ± 1.99 31.84 ± 1.49 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 5. 
Liver and spleen dimensions in patients with chronic hepatitis of severe activity (M ± SD).

Indicators CH of severe activity (n = 23) M ± SD in patients of 
control group (n = 40)

р

Limits of 
variation

M ± SD

Inner diameter, mm 12.0–15.0 13.79 ± 1.01 10.22 ± 0.71 >0.05

Cross-sectional area, 
sq. cm.

1.13–1.77 1.51 ± 0.06 0.83 ± 0.04 >0.05

Max BFV, cm/s 15.1–20.0 17.33 ± 1.33 21.63 ± 2.71 >0.05

BVF, ml/min. 772.3–
1863.9

1327.73 ± 315.81 1075.81 ± 83.61 >0.05

Portal vein pressure, 
mm H2O

169.9–212.4 193.4 ± 9.47 113.0 ± 4.41 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 6. 
Results of hemodynamic studies in the portal vein in patients with chronic hepatitis of severe activity 
(M ± SD).
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EGD in 153 patients found inflammatory changes in the esophagus, stomach, 
and duodenum. At the same time, 18 of them revealed superficial, 72 erosive gastri-
tis, 27 duodenitis, 36 duodenogastric, 27 duodenogastric, and 77 gastroesophageal 
refluxes; 27 patients with this group showed varicose veins of the lower third of the 
esophagus grades I–II.

A pronounced clinical manifestation of the disease allows a more correct 
assessment of the patient’s condition and a correct preliminary diagnosis and 
determination of the correct diagnostic and therapeutic tactics. Ultrasound, 
radiocontrast study, and EGD in patients with chronic hepatitis of severe activity 
show an important diagnostic value and make it possible to identify some signs of 
a complicated course of the disease, which are not determined in a routine clinical 
study. Radiocontrast study in five patients, long before the liver biopsy, established 
signs of transition of CH to cirrhosis.

Pre- and intraoperative morphological studies of the liver in 16 patients of this 
group, in 7% of cases, established a histological picture of CPH, in 82% CAH, and 
in 11% CAH with transition to LC.

Thus, in the diagnosis of chronic hepatitis of severe activity, great importance, 
in addition to clinical, laboratory, and morphological data, is acquired by using 
modern noninvasive research methods, which provide sufficient information for 
correct diagnosis. In our opinion, in the diagnosis of CH of severe activity, it is 
necessary to give preference to noninvasive ultrasound and radiocontrast methods 
and resort to the use of invasive (biopsy, laparoscopy, etc.) ones only in exceptional 
cases, because any active interventions in this category of patients can lead to 
decompensation of the disease.

5.  Cerebral hemodynamic influence on the current and prediction of 
hepatic encephalopathy

In recent decades, studies have been conducted on the effects of cirrhosis of the 
liver (LC) on the severity of chronic hepatic encephalopathy (HE), etiology, stage, 
and psychological characteristics of the personality [11–14]. HE can be subclinical, 
and the mortality rate among patients is up to 10% and is mostly associated with 
comorbidities, and not with complications of PG [15–18]. That is why the assess-
ment of the degree of HE and the corresponding individualized approach to each 
patient in terms of the selection of therapy can significantly reduce the degree of 
encephalopathy, which also improves the quality of life of patients [19, 20]. In many 
pathological conditions, the occurrence of encephalopathy signals a disorder of 
brain metabolism, based on the formation of which is a violation of the blood-brain 

Indicators CH of severe activity (n = 23) M ± SD in patients of control 
group (n = 40)

р

CI (25–75%) SD

Inner diameter, mm 7.0–10.0 8.06 ± 0.91 6.41 ± 0.61 >0.05

Cross-sectional 
area, sq. cm.

0.44–0.81 0.59 ± 0.06 0.33 ± 0.02 >0.05

Max BFV, cm/s 15.1–19.02 16.78 ± 0.90 19.22 ± 2.23 >0.05

BVF, ml/min. 307.26–69,631.9 453.96 ± 99.08 345.41 ± 34.62 >0.05

p—Statistical significance of the difference between control group and patients with chronic hepatitis.

Table 7. 
Results of hemodynamic studies in the splenic vein in patients with chronic hepatitis of severe activity 
(M ± SD).
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barrier, the action of toxic substances, cerebral ischemia, cerebral hypoxia, the 
formation of endotoxins, and neurotransmitter disorders. In most cases, there is a 
combination of several pathophysiological mechanisms. And those, in turn, may 
lead to clinical picture of encephalopathy with cognitive, emotional, and motor 
impairment. However, despite numerous experimental and clinical studies of HE, 
the mechanism of its development remains controversial and controversial [21–24]. 
The purpose of this study is to assess the characteristics of cerebral hemodynam-
ics in the extra- and intracranial sections with LC of viral etiology of classes A, B, 
and C according to Child-Pugh to improve the optimization of early diagnosis of 
complications of encephalopathy at various stages of its development.

It has been established that with an increase in the stage of hepatic encephalopa-
thy, an increase in hemispheric asymmetry of blood flow in the middle cerebral 
arteries and in the time of the Reitan test is observed. The minimum time for 
connecting numbers during the test was noted at stage 1 of HE without comorbidity 
with circulatory encephalopathy (DE), the maximum with HE stage 3 in combina-
tion with DE stage 3.

Matrix analysis showed that, first, with an increase in the stages of hepatic 
encephalopathy, a statistically significant increase in the time to perform the Reitan 
test was observed. Secondly, the influence of the DE stages on the course of the 
HE stages is ambiguous, the minimum during stage I of the HE and the maximum 
with the HE of stage III. Thus, a statistically significant increase in the time of 
the Reitan test is recorded at stage I HE only in combination with stage III DE, at 
stage II HE, stage III DE, and stage III HE with any stage DE. When studying the 
characteristics of the relationship between the hemispheric asymmetry of the BFV 
in the MCA and the stages of HE, it was found that there is a fairly clear correlation 
between the hemisphere asymmetry of the blood flow in the MCA and the stages of 
the HE. Thus, with increasing stage of HE, hemispheric asymmetry of blood flow 
in MCA increases: the smallest hemisphere asymmetry of blood flow in MCA is 
observed with LC with clinical manifestations of HE of stages I–II and the greatest 
with HE of stages III–IV.

From the obtained results, it follows that the change in cerebral hemodynam-
ics in patients with LC is noted already at the level of the extracranial section of 
the carotid arteries. The presence of age-related changes in the arteries, such as 
intimal thickening before the formation of atherosclerotic plaques of different 
height and length with the formation of stenosis, tortuosity of the vessels led to 
hemisphere asymmetry of blood flow in them from 25.1 ± 2.42 to 39.5 ± 7.94% 
with the dynamics of the statistical significance of this parameter in comparison 
with the norm from p = 0.006936 to p = 0.000003 for LC of classes A and C, 
respectively.

Functional disorders of cerebral hemodynamics at the level of the intracranial 
section manifested changes in blood flow velocity characteristics, lability of vas-
cular resistance indices, hemispheric asymmetry of the blood flow, and decrease 
in the functional reserve of the connective arteries of the Willis circle. Against 
the background of atherosclerotic changes in the vascular wall and the lability of 
vascular resistance, there were large variations in the interquartile ranges of the 
velocity parameters of the blood flow and hemisphere asymmetry in the MCA 
with a general tendency of their medians to increase, which did not contradict the 
studies of other authors [25]. So, depending on the stage of compensation of the 
LC, there was a general tendency for the ACK (max) to increase from 110.7 ± 9.21 
to 119.2 + 10.03 cm/s, ACK (min) from 48.5 = 9.76 up to 52.1 ± 10.95 cm/s, ASK 
(mean) from 69.6 ± 8.45 to 74.1—11 × 57 cm/s, and hemisphere asymmetry ASA 
(mean) from 24.9 ± 9.51 up to 33.9 ± 10.51 with LC of classes A and C, respectively. 
At the same time, it should be noted that there is a rather clear correlation between 
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the stages of HE and hemisphere asymmetry of blood flow (r = 0.495). So, with 
increasing stage of HE, hemispheric asymmetry of blood flow along the MCA 
increases, caused, in our opinion, on the one hand by atherosclerosis, on the other 
by the lability of vascular resistance due to vasoconstrictive substances (nitric 
oxide, endothelin-1), whose concentration in the blood often increases with LC and 
atherosclerosis, which has been confirmed elsewhere [26, 27]. At the same time, 
the co-dependent indicators of vascular resistance had a clear downward trend 
depending on the degree of compensation of the LC. The dynamics of the statistical 
significance of this parameter in comparison with the norm for RI became reliable 
from p = 0.245844 to p = 0.002776 and PI from 0.071383 to 0.012336 with LC of 
classes A and C, respectively.

When conducting a comparative analysis of the blood flow velocity in MCA, 
two types of blood flow were identified—hypokinetic and hyperkinetic. Thus, with 
class C LC, in 21.4% of cases, the hyperkinetic type of blood flow was observed 
and which probably had a compensatory mechanism. In LC, damage occurs to 
the endothelial cells of the hepatic sinusoids, and the latter leads to a significant 
increase in the level of endothelin. With liver damage and the development of portal 
hypertension, the production of intrahepatic nitric oxide decreases, which leads to 
its imbalance. It should be noted that the known mechanisms of participation of 
endothelial dysfunction can be distinguished by the suppression of the excretion or 
inactivation of endothelial NO synthase and a decrease in the synthesis of NO, due 
to an increase in the level of cytokines and TNF-a, which suppress the synthesis of 
nitric oxide. During the formation of portal hypertension, the process of separa-
tion of the organ and the general blood flow is observed due to the development of 
an imbalance between vasodilating and vasoconstrictive substances. The release 
of vasoactive substances (histamine, serotonin), circulating vasodilators into the 
blood from damaged hepatocytes, leads to generalized vasodilation and a decrease 
in vascular resistance, which was confirmed in [28–31].

The data obtained by us indicate disorders in endothelium-dependent vasodila-
tion and the vasomotor function of the endothelium in LC at various stages of 
compensation and are to a certain extent confirmed in [32–36]. Hemodynamics 
in the brain at a constant level was possible due to the normal functioning of the 
autoregulation mechanism, which ensured an unchanged level of the cerebral blood 
flow in the form of vasodilatation or vasoconstriction. At the same time, in the 
beyond vasodilation, the phenomenon of “sausage string” with segmental dilatation 
of arterioles may occur, against the background of which there is a danger of blood 
breakthrough into the brain tissue and the development of acute disorders of cere-
bral circulation. In the prospective observation, the autopsy material of the brain 
served as confirmation of this phenomenon and the development of dyscirculatory 
disorders from minimal to irreversible in LC.

6. Conclusion

Chronic hepatic encephalopathy due to LC with a frequency of up to 75% of 
cases can occur in comorbidity with dyscirculatory disorders from minimal to 
irreversible, which aggravates the clinical course of hepatic encephalopathy.

The effect of dyscirculatory disorders on the clinical course of the stages of 
hepatic encephalopathy is ambiguous. The minimal effect is observed at stage I of 
hepatic encephalopathy, the maximum at hepatic encephalopathy of stage III in 
comorbidity with the stages of dyscirculatory encephalopathy. The degree of cogni-
tive and dyscirculatory disorders is interrelated with the stages of compensation for 
cirrhosis of the liver. With dyscirculatory disorders and a decrease in the stage of 
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compensation for cirrhosis of the liver, there is an increase in the degree of cognitive 
impairment from the ability to logical thinking and attention to disorientation in 
time and space.

The Reitan test duration is more than 200 s, the presence of hemispheric 
asymmetry of the blood flow is more than 40%, and the decrease in the velocity 
parameters of the blood flow and vascular resistance indices in the basins of the 
middle cerebral arteries below the reference values are associated with an unfa-
vorable prognosis of hepatic encephalopathy due to the possibility of the sausage-
string phenomenon with the risk of development acute disorders of cerebral 
circulation of hemorrhagic type, development of venous stasis, and swelling in 
the brain.
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Chapter 5

Phytotherapy and Liver Disease
Lejla Čalkić

Abstract

Hepatoprotective agents are medicines or dietary supplements that are used 
as an adjunct to the treatment of acute and chronic viral hepatitis, liver cirrhosis, 
hepatocellular carcinoma prevention, as well as other liver diseases. Experiments on 
animals and cell cultures have shown that natural compounds can alleviate and pre-
vent pathological changes in the liver. In the past few years, considerable attention 
has been paid to medicinal herbs with hepatoprotective, antioxidant, and immune 
properties. The plants contain numerous phytochemicals, including polyphenols, 
phenolic acids, coumarins, styles, tannins, lignans, and lignins. These compounds 
include silymarin, curcumin, picroside, kutkoside, phyllanthin, hypophyllanthin, 
glycyrrhizin, glycyrrhizin, berberine, luteolin, quercetin, coumarin derivatives 
(4-methylumbelliferone), and others. Many studies have been aimed at collecting 
data on some types of edible plants and fruits (grapefruit, cranberries, grapes, beets, 
cacti, chamomile, spirulina, propolis) that have shown hepatoprotective effects.

Keywords: plants, phytochemicals, dietary supplements, hepatitis, liver cirrhosis

1. Introduction

In liver disease treatment besides causal medicines, there are also antihepatotoxic, 
hepatotropic, and hepatoprotective agents. Hepatoprotective medicines or dietary 
supplements are used as an additional treatment for toxic liver damages, acute and 
chronic viral hepatitis, cirrhosis, and other liver diseases. There are numerous plants 
and traditional formulas used in liver disease treatments around the world.

2. Hepatoprotective plants and phytochemicals

Hepatoprotective chemicals are found in large number of medicinal herbs, out 
of which several were proven as very effective in various liver damages. Those com-
pounds include silymarin, curcumin, picrorhiza and kutkoside, phyllanthin and 
hypophyllanthin, glycyrrhizin, berberine, luteolin, quercetin, and others [1]. Plants 
with polyphenol content (green tea) also indicate effectiveness in liver protection. It 
is determined that these compounds protect liver cells from various toxins, ischemic 
injuries, radioactive radiation, iron intoxication, and hepatotropic viruses [2]. The 
research suggests that these compounds increase protein synthesis, reduce tumor 
promoter’s activity, stabilize mastocytes, modulate immune system, and have 
anti-inflammatory and anti-fibrotic effect. Many researches aimed at gathering 
information about some species of plants and fruits (grapefruit, cranberry, grapes, 
cacti, chamomile, and spirulina) which are often consumed and which have already 
shown hepatoprotective effects [3].
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2.1 Aloe vera (lat. Aloe barbadensis M)

Aloe vera was named after botanist Miller who discovered and registered it in the 
registry of medicinal herbs. In the nature, it grows only in warm and dry climate 
areas, such as the Caribbean and Mexico. It has saber-like, pointy leaves which in its 
form remind of a rose and grow close to the ground. There are more than 250 species 
in the world, and only four have healing effect, among which predominantly is Aloe 
vera Barbadensis M. It was used as a medicine 6000 years ago in ancient Egypt, and 
back then it was known as “the herb of immortality.” The most frequently used part 
of the plant is its gel, jelly-like mass from the inside of the leaf. Aloe vera has nutri-
tious effect on every cell of the human organism, and because of its nutritional value 
and exceptional healing abilities, it is often called as “the queen of medicinal herbs.” 
The gel contains more than 240 nutritious and healing ingredients: Vitamins A, B1, 
B2, B3, B6, B9, B12, C, and E, more than 20 minerals (magnesium, manganese, zinc, 
copper, chrome, calcium, potassium, iron), and 20 types of amino acids. Aloe extract 
called aloe emodin, in vials, can block the growth of cancer cells on the head and 
neck. Acemannan from the leaf can incite immune cells in mice to fight against can-
cer. In vials, di (2-ethylhexyl) phthalate (DEHP) stops the development of leukemia 
cells. Two studies from 2010 showed positive effect in mouse skin cancer treatment. 
However, in one study, some Aloe products indicated the increase of skin cancer 
cells. Research in Italy tested the effect of Aloe vera on chemotherapy treatment of 
persons with lung, intestine, and stomach cancer. The cancer was under control or 
reduced by 67% in patients who received both aloe and chemotherapy treatment, 
whereas by 50% with patients who only received chemotherapy. Patients using Aloe 
vera had better life quality and less side effects of chemotherapy [4–7]. Even though 
Aloe vera is generally considered as hepatoprotective [8, 9], there are also some cases 
described in literature where liver damage was caused by Aloe vera [10].

2.2 Artichoke (Cynara scolymus)

Artichoke is a highly appreciated plant in modern phytotherapy. The healing 
properties are found only in leaf but not in the flower. The most important active sub-
stances of artichoke are caffeine acid and its esters (cynarine); the concentration of 
which is significantly reduced in the process of drying. The other ingredients include 
chlorogenic acid, sesquiterpene lactones, and flavonoids. It has choleretic, antioxida-
tive, and hepatoprotective effects. It reduces cholesterol levels in blood; it is used in 
dyspepsia, lack of appetite, and irritated colon; it helps in prevention of formation of 
cholesterol-based gallstones, and it is used in drainage treatment. Artichoke is a fairly 
safe plant. However, it occasionally may cause an allergic reaction. Contraindications 
in artichoke use include obstruction of bile ducts and artichoke allergy [11].

2.3 Cranberry (Vaccinium macrocarpon)

There are available data that cranberry as medicine was used as far back as 
among American Indians (Native American medicine). It is a bush plant with red 
berries originating from North America. Concentrated cranberry is called brusni-
cin. The most healing agent from cranberry is arbutine which acts both as antibiotic 
and diuretic, and it can be found in leaves. Cranberry contains hippuric acid with 
powerful antibacterial effect, and thus it is used in prevention or treatment of vari-
ous infections (helicobacter pylori and candida). It is also recommended in treat-
ment of urinary tract infections caused by E. coli [12]. Berries are rich in vitamins B 
and C, iron, copper, and manganese. It is highly a potent combination that strength-
ens weakened immune system. Berries are full of nutritious fibers that improve 
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digestion, metabolism, and liver function. It is rich in antioxidants that reduce the 
harmful effect of bad blood cholesterol. It contributes to protection from free radi-
cals and protects cardiovascular system [13]. Cranberry contains anthocyanins and 
proanthocyanidin which may improve eye sight and reduce blood sugar level [14]. 
It is a profound laxative, helps digestion, and was also very useful in prevention and 
treatment of gonorrhea, arthritis, rheumatism, diarrhea, skin and eye infections, 
sex organs, liver, cold, gallstones, prostate cancer, and urinary tract. It slows aging 
process and reduces underlying problems such as loss of memory and coordination. 
According to Canadian Journal of Microbiology, increasing concentrations of this 
extract reduce the bacteria’s production of urease, an enzyme that contributes to 
the virulence of infections. Professor Nathalie Tufenkji from McGill University in 
Montreal states: “While the effects of cranberry in living organisms remain subject 
to further study, our findings highlight the role that cranberry consumption might 
play in the prevention of chronic infections” [15].

2.4 Beetroot (Beta vulgaris)

Ancient Romans were familiar with and used beetroot as food, not only its 
roots but its leaves as well. Although they had no idea about real reasons for its 
healing ability, even Dioskurides and Galen highly appreciated this vegetable and 
attributed great healing abilities to it. Only with the development of biochemistry 
it was possible to demonstrate what are the most valuable ingredients in beetroot 
and it is possible to confirm 2000-year-old assessment by ancient physicians. Back 
in 1957, researches came up with unquestionable evidence about anticancerogenic 
features of a beetroot. It is rich in minerals: the highest amount is potassium, then 
sodium, phosphorus and calcium, iron, magnesium, fluorine, also copper, sulfur, 
iodine, and bromine, and there are also in traces rare and valuable elements such as 
rubidium, cesium, and strontium. Beet’s root and leaves contain apple, wine, and 
lemon acids. Beet also contains significant amount of cobalt used for creation of 
vitamin B12, B1, B2, C, and P. Amino acids (asparagine, glutamine, and betanin) 
are found in beetroot juice and have beneficial effect on brain and nerve activity. 
Betanin strengthens blood vessels, regulates blood pressure (especially in low blood 
pressure), reduces blood cholesterol, improves substance exchange (improves urine 
excretion, uric acids, and salts), as well as liver function. It increases bile excretion, 
and thus it is also recommended to people who have liver and bile duct diseases. It 
has calming effect on a nervous system; it is suitable for adrenal glands treatment; 
it has positive effect on stomach and intestine function, and thus it regulates feces 
excretion as well. This vegetable is ideal for physical and psychological strengthen-
ing of exhausted people thanks to glutamine and aspartic acids which are very 
important for proper brain and neural function [16, 17].

2.5 Grapefruit (Citrus paradisi)

Grapefruit is an evergreen tree growing up to 6 meters in height. It requires warm 
climate and big humidity. Fruits can grow up to 15 cm and can have yellow or orange 
colored peel. It is rich in vitamins C, B, P, and phytochemicals. Grapefruit strength-
ens immunity, regulates metabolism, and prevents cancer development, especially 
in lungs and colon [18]. It is abundant in minerals, magnesium, and potassium as 
well as organic acids, ethereal oils, sugars, microelements, pectins, and pigments. It 
has refreshing effect on human organism. Grapefruit also helps with atherosclerosis. 
Grapefruit juice has exceptional antibacterial, antifungal, and antiviral capabilities 
[19]. In Japan, experiments on mice showed that tumor growth stopped after mice 
were being injected under the skin with grapefruit extract. One grape a day is proven 
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to reduce the risk of pancreatic cancer by half [20]. It reduces blood cholesterol lev-
els. However, some substances found in grapefruit can have some interactions with 
metabolism of some drugs, if taken simultaneously, thus increasing the concentra-
tion of these drugs in blood and provoking serious, even life-threatening reactions. 
It is mostly connected to drugs used in treatment of cancer, depression, anxiety, 
angina, high blood pressure, high level of lipid cholesterol, HIV infection, different 
infections, and heart arrhythmias. There is evidence that even the smallest glass of 
grapefruit juice can cause unwanted and dangerously increased level of drugs in 
blood, and these effects can last for more than 3 days [21, 22].

2.6 Spirulina

Spirulina is blue-green, fresh water algae which grows in lakes and fish ponds 
around the world. Being 3.6-billion-year-old, it is one of the oldest residents of the 
planet Earth. People of Africa, North America, and Asia are using it for thousands 
of years. Old Aztecs consumed it in the form of dried biscuits. According to some 
scientists, it could solve world hunger issue since it is full of proteins, minerals, 
and other nutritious substances. Due to significant amount of vitamin B12, it helps 
in development of healthy nerve tissue and in metabolism of every cell, including 
those of the liver. Mineral content consists of potassium, calcium, magnesium, iron, 
sodium, phosphorus, zinc, and selenium. Rich in chlorophyll, it balances pH and 
helps in secretion of toxins out of an organism. Spirulina is the wealthiest source of 
beta-carotene, 10 times more than carrot. Research shows that beta-carotene is the 
best nutrient in fight against free radicals. Besides beta-carotene, it also contains 
zeaxanthin—a powerful antioxidant which has eight times stronger effect than 
beta-carotene [23]. Zeaxanthin has protective effect on the nervous system, brain, 
and eyes. Spirulina is very effective against heavy metals and medicine poisoning 
[24]. In case of those being overweight, it reduces hunger and cholesterol level. 
It protects pancreas and insulin-producing cells and thus prevents diabetes [25]. 
Spirulina also blocks interleukin 4 which participates in creation of allergic reac-
tion. Studies have indicated its amazing power in stopping inflammations in the 
body, what is important for prevention and treatment of arthritis and many other 
inflammatory diseases. Due to detoxication capabilities, it was used in the Soviet 
Union after the Chernobyl catastrophe [26]. Having more proteins than meat, it is 
an excellent supplement in vegetarian and vegan diet [27].

2.7 Burdock (Arctium lappa)

Burdock originates from Europe and Siberia, but nowadays it can be found around 
the world. Burdock’s root contains up to 50% of inulins, phenolic acids (caffeic and 
chlorogenic), and polyacetylenes. Seeds contain about 15–30% of plant oil, bitter 
glycoside arctiin, arctigenin, and lignans (isolappaol A and lappaol B). Burdock is tra-
ditionally used in ulcers, acne, psoriasis, and seborrhea, and it is proven to be effective 
in skin infections caused by gram-positive bacteria. Due to the abundance of inulins, it 
has beneficial effect on intestinal microflora, and it helps with regulation of the blood 
sugar levels. Burdock is also effective as choleretic, and it is the plant of choice for liver 
drainage [28]. It has anti-allergic and anti-inflammatory effects [29]. People sensitive 
to Asteraceae should be careful in using it because it can cause allergic reaction.

2.8 Turmeric (Curcuma)

Turmeric is a plant from ginger family, mostly grown in South Asia. It is a useful 
addition to diet and frequently subject, of clinical trials, which has numerous 
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effects on human organism. It has anti-inflammatory effect; thus it is used in 
osteoarthritis and rheumatoid arthritis, ulcerous colitis, and gastritis [30]. Useful 
in prevention of various types of dementia and cancers, it is a powerful antioxidant 
and helps in healing wounds. Curcuminoids are phenolic antioxidants, and the 
most important representative is curcumin, found at about 3% in turmeric. Plant 
also contains sugars, proteins, and some fat. Despite being very biologically active 
even in very low concentration, the problem with curcumin is its low bioavailability. 
Very low amount of curcumin is absorbed in the digestive system. Therefore, new 
product formulas are being developed. Extracts standardized at 95% of curcumin 
are expanded with piperine, black pepper alkaloid, which increases curcumin 
absorption; liposomes with curcumin or curcumin aether oil added, that also helps 
with curcumin absorption. Liposomes are formulated with curcumin or curcumin 
aether oil added that also helps with curcumin absorption. For centuries, turmeric 
is used for dyspepsia problem, bloatedness, flatulence, and liver problems. Being 
choleretic and cholagogue, in modern phytotherapy, turmeric is recommended for 
difficulties with bile secretion [31]. Therefore, turmeric was an ideal plant for small 
gallstones problem, but the treatment must be performed under doctor’s control. 
It has antioxidative, hepatoprotective, and antiviral effects [32]. Clinical studies 
confirm that it protects liver cells from hepatotoxic medicines [33]. Theoretically, 
there is a possibility of an interaction with coagulation medicines (acetylsalicylic 
acid, warfarin, heparin, and nonsteroid anti-inflammatory medicines). Extract use 
is not recommended during pregnancy. Hypersensitivity is possible but very rare. 
High dosage in sensitive people may stimulate stomach [34].

2.9 Green tea (Camellia sinensis)

A study in Japan compared effects of six Chinese teas on liver injuries caused by 
carbon tetrachloride (CCl4) and categorized them according to their manufacturing 
process into green, white, yellow, oolong, black, and pu-erh. Wistar rats were given 
Chinese tea and afterward intraperitoneal CCl4 or olive oil. Yellow tea significantly 
contributed to the protection from liver injury [35]. The difference among types 
of tea is related to the processing technology, time needed for the leaves to mature, 
or fermentation level. They have very high anticancerogenic, antioxidative, and 
anti-inflammatory effects. Green tea has more hepatoprotective effects compared to 
other types of tea, black tea, for instance. Polyphenol extract of green tea alleviated 
liver damage and apoptotic, oxidative, and inflammatory changes on the rat liver 
following hemorrhage/resuscitation [36]. In the case of mice intoxicated with iron, 
green tea extract reduced iron buildup in the liver, as well as creation of free radicals 
and oxidative stress [37]. Rats on atherogenic diet [38] or with cadmium exposure 
[39] had alleviated oxidative stress and liver damage thanks to green tea extract. 
Clinical trials indicate that consummation of green tea can reduce risk of liver 
disease in humans [40]. It is known that epigallocatechin gallate, the main catechin 
in the green tea has a modulation role in various diseases in humans, thus affecting 
numerous signal pathways. However, using green tea extracts can also have some 
unwanted effects such as hepatotoxicity, if used in concentrated form [41]. These 
findings confirm doubt that excessive intake of antioxidants can have adverse 
effect, i.e., pro-oxidative effect [42].

2.10 Dandelion (Taraxacum officinale)

Dandelion belongs to the family of Asteraceae. It comes from Europe and North 
Asia. Leaves are very tasty and a healthy addition to salads. Dandelion leaves contain 
a lot of minerals among which there are, in particular, potassium, beta-carotene, 
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flavonoids, sesquiterpene lactones, taraxinic acid, and sterols. Primarily, it is used 
as diuretic. It has confirmed choleretic effect. Diuretic effect is significantly lower 
than in leaves, due to the inulin content which belongs to prebiotic fiber [43]. It has 
beneficial effect on intestinal microflora, and it helps with regulation of the blood 
sugar levels. Dandelion is used as bitter tonic for stimulating eating and in case of 
dyspepsia and fatty liver related to obesity [44]. It is also used in drainage cures. 
In case of increased cholesterol, cellulite, and weight loss, it is used as additional 
therapy. There is also a possibility of allergic reactions in sensitive people. It must 
not be used in people with bile duct obstruction. When there are gallstones, it must 
be taken under professional supervision. The application with digitalis and lithium 
preparation is not recommended. In case of gastritis and peptic ulcer, dandelion, 
just as all other choleretics and draining plants, should be used with caution.

2.11 Pomegranate (Punica granatum)

Pomegranate is one of the oldest fruit types. Rich in antioxidants, it is highly 
appreciated as a symbol of health, fertility, and eternal life [45]. Many studies have 
confirmed that it is one of the plants with the best healing effects in the world on 
the cardiovascular, nervous, and skeletal system. Pomegranate is an excellent source 
of vitamin B5, potassium, and natural phenols like ellagitannin and flavonoids. It 
contains phytochemicals that provoke creation of serotonin for mood improve-
ment and estrogen for bone mass preservation, which is essential in prevention 
of osteoporosis. Clinical trials indicate that substances found in pomegranate, 
known as punicalagins, are beneficial to heart and blood veins health and have 
anti-inflammatory [46] and hepatoprotective effect in case of toxic liver damage. 
Punicalagins are also the main source of antioxidative effect. Ingredients in pome-
granate inhibit growth of breast cancer, prostate cancer, colon cancer, and leukemia 
and prevent changes which may cause the growth of tumor [47]. It has estrogenic, 
anti-inflammatory, and antimicrobic properties. The research suggests that pome-
granate oil protects from cancer, diabetes, obesity, and heart diseases. Being rich in 
antioxidants, pomegranate oil is a powerful ally in fight against aging [48].

2.12 Milk thistle (Silybum marianum)

Milk thistle is one of the best plants in protection and detoxication of liver. It 
can grow up to 2 meters in height, and it is very spiky. In many countries around the 
world, the plant is registered as herbal medicine. The healing part of the milk thistle 
is its fruit, i.e., seeds. There are numerous in vitro studies, animal studies, as well as 
clinical studies performed on humans. However, final conclusions regarding effects 
and effectiveness of this plant are still not made. What can be said with certainty is 
that it has hepatoprotective and hepatoregenerative effect while also increasing the 
level of glutathiones in liver. It does not provoke bile secretion, and thus it is appro-
priate for the use in cases where classic drainage plants are considered as contrain-
dication. The plant is considered to be nontoxic and appropriate for long-term use, 
without pauses [49]. It is usually used for alcohol-induced liver damage, fatty liver, 
nonalcoholic steatohepatitis, and liver damage caused by toxins and medicines and as 
an auxiliary therapy for chronic hepatitis and liver cirrhosis. However, it is also very 
helpful in controlling blood sugar and cholesterol levels. In several minor clinical 
trials, milk thistle did not have any important influence on hepatitis. The treatment 
of patients with chronic hepatitis C resulted in reduction of serum indicators of liver 
damage, but without significant influence on viremia [50]. In another research, there 
was no significant influence on the amount of ribonucleic acid (RNA) of hepatitis C 
virus in the serum, on the level of ALT or the quality of life [51]. It is indicative that 
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it can have partially protective effect as inflammatory response in hepatitis C, but 
it cannot play the role of antiviral agent. The possible cause of the ineffectiveness 
of herbal extract is probably the result of the fact that the most active components 
showing hepatoprotective effect are represented in much smaller percentage than 
if used individually. The use of silymarin resulted in the improvement of clinical 
symptoms of acute hepatitis, although there was no effect on inflammation process 
indications [52]. In a number of studies, silibinin, pharmacologically the most active 
flavonolignan compound in silymarin, significantly improved clinical symptoms 
and biochemical indications of liver function in acute and chronic hepatitis [53], 
alcoholic liver disease, and liver damage caused by medications [54]. Silibinin proved 
to be a very strong inhibitor of human liver stellate cells in vitro. They are considered 
to be the main producers of extracellular matrix responsible for creation of connec-
tive tissue, usually found in liver fibrosis [55]. Silymarin consists of silibinin A and 
B, isosilibinin A and B, silicristin, and silidianin. Plants contain about 3–6% of these 
compounds. There are also flavonoids, taxifolin, and quercetol. The fruit contains up 
to 30% of herbal oil rich in linoleic acid and phytosterols. Active ingredients found 
in milk thistle are not water soluble, and preparation of tea and brew makes no sense. 
Tinctures are also obsolete. Current extracts are factory standardized at the silymarin 
contents of 65–80%, and dosage is determined by the content of silymarin and not 
by the total volume of extract. Similar to turmeric, the problem is with the resorption 
of active substances from digestive system. Therefore, silymarin complex bound to 
lecithin was developed and thus increased its bioavailability for 5–10 times. There are 
very rare allergic reactions, stomach irritation, nausea, bloatedness, diarrhea, and 
headache. Due to the lack of data, it is not recommended to be used during preg-
nancy and breastfeeding. In 2013, Jinnah Postgraduate Medical Center in Karachi 
conducted a study aimed at the assessment of hepatoprotective role of silymarin 
against hepatotoxicity induced by isonicotinohydrazide. First group of rabbits was 
subjected to liver function test without any medicine; second group was treated with 
silymarin; III group received isoniazid, and IV group received combination of isonia-
zid and silymarin. There was no case of mortality. Group III had increased levels of 
bilirubin, and ALT was significantly reduced. Group IV had statistically important 
improvement in serum bilirubin and ALT. Hepatotoxicity induced by isonicotinohy-
drazide is well treated with simultaneous application of silymarin [56].

2.13 Common chicory (Cichorii herba)

Chicory is a wild plant that usually grows next to fields and roads. It is very 
popular herb in traditional medicine. Chicory root is rich in inulin and contains 
about 15% of sugar, some proteins, and cellulose. The most interesting compounds 
found in chicory are sesquiterpenic lactones, triterpenes, and flavonoids. It is used 
for problems with digestion, and it has hepatoprotective and anti-inflammatory 
effects, but also as an additional therapy in reducing high blood cholesterol values 
[57]. Individual compounds from the plant have proven sedative effect (lactucin and 
lactucopicrin). Therapeutic use is not recommended during pregnancy. It must not 
be used in people with bile duct obstruction. There is also a possibility of allergic 
reactions in sensitive people. In rare cases, there may occur nausea, diarrhea, bloat-
edness, and gases and use for gallstones must be under professional supervision.

2.14 Bilberry (Vaccinium myrtillus)

Bilberry is a deciduous shrub from Ericaceae family with the height of 20–25 cm. 
It is widely present in pine, spruce, and beech woods. The fruit is a round berry with 
5–10 mm in diameter, dark blue colored, with thick skin and acidic-sweet taste. 
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Conducted research indicates the beneficial effect of blueberries on human cells in 
the eye retina, brain, and tumor cells [58]. Using animal model, Chinese scientists 
were testing the effect of blueberries on liver fibrosis. Study results indicate that 
blueberries can reduce degree of liver damage and the level of hyaluronic acid and 
ALT in blood. Based on results, authors of the study concluded that blueberries have 
beneficial effect on liver diseases, oxidative stress, steatosis, and even fibrosis [59].

2.15 Ubiquinone (coenzyme Q1o)

Ubiquinone belongs to the family of compounds called quinones. In 1957, it was 
for the first time isolated and named ubiquinone due to its wide spread in the nature. 
It is a substance similar to vitamins which can be found in all parts of the body and 
has the effect similar to that of vitamin E. However, it is probably a more powerful 
antioxidant than vitamin E. There are 10 known substances marked as coenzyme Qs, 
but coenzyme Q10 is the only one that can be found in human tissue. It has crucial 
role in energy production in every cell of our body. It helps circulation, stimulates 
immune system, increases oxygenation of tissues, and has significant antiaging 
effect. Human organism has the ability to synthesize Q10; however, this ability is 
reduced after the age of 30. The lack of Q10 is also connected to periodontal disease, 
diabetes, and muscular dystrophy. Belgian scientists from the University of Leuwen 
discovered another positive effect of coenzyme Q10, i.e., it prevents development of 
fatty liver related to obesity. Besides being the base for energy production, it also has 
series of functions with, most frequently, anti-inflammatory effect. A study in Iran 
indicated that Q10 as a powerful antioxidant prevents LDL from oxidation in vitro 
and can be a useful alternative for reduction of risk from atherosclerosis, coronary 
heart disease, and other health issues related to free radicals. While affecting genetic 
expression in liver, it reduces creation of free oxygen radicals and other “stressful” 
products, thus diminishing the inflammation in an organism. Q10 is an ideal partner 
in the fight against atherosclerosis and “fatty liver” [60]. This substance can be found 
in all living beings, but there are also high concentrations of it in groceries, including 
nut fruits and oils. There are many food additives that contain Q10.

2.16 Plant Millettia pulchra

It is a plant from the family of Leguminosae. It is frequently used in popular folk 
medicine of China, and its main ingredient is Yulangsan polysaccharide (YLSPS). 
Being used as a liver protection agent, it is also used as antiaging and memory-enhanc-
ing agent. The aim of the study was to search for protective effects of YLSPS against 
nimesulide-induced hepatotoxicity in mice. Compared to control group, YLSPS sig-
nificantly reduced activities of ALT, AST, alkaline phosphatase (ALP), and bilirubin 
content in the serum. Antioxidative effect of YLSPS is the result of increased activity 
of superoxide dismutase, catalase, and glutathione peroxidase in the liver. Besides 
the aforementioned, the content of malondialdehyde is reduced, and histological 
findings were confirmed by antihepatotoxic effect as well. YLSPS showed significant 
inhibition of pro-inflammation mediators such as tumor necrosis alpha (TNF-α) and 
interleukin-6 (IL-6). Protective effect of YLSPS in nimesulide-induced liver damage 
can be achieved thanks to its ability to reduce oxidative stress and prevent nimesulide-
induced hepatotoxicity by inhibiting critical control points of apoptosis [61].

2.17 Plant Atalantia ceylanica

The extract made from leaves of plant Atalantia ceylanica is used in a traditional 
medicine in Sri Lanka for a treatment of various liver diseases. Lyophilized powder 
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of watery leaf extract was tested for its phytochemical ingredients, antioxidants, and 
hepatoprotective activity in vitro. Hepatotoxicity was induced in the pieces of pig’s 
liver to test hepatoprotective activity. Parts of liver were cut off and incubated at 
37°C with various concentrations of watery extract of A. ceylanica in the presence of 
ethanol during the period of 2 hours. Hepatoprotective effects are quantified through 
the transfer of ALT, AST, and lactate dehydrogenase (LDH) into medium [62].

2.18 Liquorice (Glycyrrhiza glabra)

Liquorice is a perennial and herbaceous plant from the family of legumes. It 
grows in the Mediterranean, close to rivers, in sandy and clay ground. The plant can 
grow up to 2 meters in height. The flower has specific form of Leguminosae, and 
the crown is yellow-white. The fruit is in the oblong pod, brown in color. Potential 
therapeutic effect on liver diseases is characteristic of all plants from Phyllanthus 
family, including Glycyrrhizin glabra. Phyllanthus fraternus indicated protective 
effect against dysfunctional mitochondria induced by bromobenzene in rat’s liver 
mitochondria [63]. The extract of Phyllanthus prevented hepatotoxicity, induced 
by acetaminophen, by inhibiting cytochrome P459 CYP2E158. In rat’s hepatocytes, 
phyllanthin, active ingredient, prevented intracellular growth of ROS and lipid 
peroxidation [64]. The extract Phyllanthus urinaria alleviated steatohepatitis in 
mice and in the culture of hepatocytes, reducing lipid buildup [65]. The extract 
Phyllanthus polyphyllus indicated antitumor effect in mice and human tumor cell 
lines MCF7 (breast cancer), HT29 colon cancer, and HepG2 (liver cancer) [66]. The 
lack of relevant clinical trials prevents making any conclusions on hepatoprotective 
effect of plants from this family. Nevertheless, rare research on patients showed that 
Phyllanthus amarus is not effective in the treatment of viral hepatitis [67], whereas 
glycyrrhizin a triterpenic ingredient in Glycyrrhizin glabra successfully reduced 
HCV titer in vitro [68]. In combination with interferon, glycyrrhizin showed syner-
gic effect. Hepatoprotective effect of glycyrrhizin is related to preventing changes in 
cell membrane permeability. [69]. Glycyrrhetinic acid has protective effect against 
liver damage induced by hepatotoxic alkaloid resorcin and galactosamine [70]. In 
cholestatic model of liver damage, glycyrrhizin showed proaptotic effect, whereas 
glycyrrhetinic acid performed as powerful inhibitor of apoptosis and necrosis 
induced by bile acids [71]. The results of recent research indicate that glycyrrhizin 
prevents ischemic-reperfusional liver damage by inhibiting high-mobility group 
box 1 (HMGB1) early mediator of inflammation [72]. Intravenous application of 
Stronger Neo-Minophagen C (SNMC), a Japanese compound, containing 0.2% of 
glycyrrhizin, 0.1% cysteine, and 2% glycine, stopped disease progress in patients 
with acute seizure of autoimmune hepatitis [73]. Similarly, Korenaga et al. showed 
in the mice model that SNMC reduces oxidative stress and liver steatosis provoked 
by combination of HCV and iron [74].

2.19 Plant Picrorhiza kurroa

This plant is one of main forest products in Nepalese Himalaya, where it is 
known as Kutki. It is located far from the community, and it takes a few days walk to 
get to its habitat. Plant’s root has long history of use in Indian Ayurvedic medicine 
in the digestive problem treatment. Some other uses are also suggested (asthma, 
liver damage, wound healing, and vitiligo); however, medical results are still not 
conclusive. It appears that the safe usage is based on the long history of traditional 
use. Kutki has hepatoprotective features. It is used for all forms of liver damage, 
cirrhosis, and liver inflammation. It also protects liver from damage caused by 
hepatitis C virus [75]. Picroliv, an iridous glycoside mixture purified from the plant, 
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normalized indicators of acute liver damage induced by ethanol [76] and aflatoxin 
B1 in rats [77]. Picroliv has also effectively prevented hepatocarcinogenesis induced 
by N-nitrosodiethylamine, hyperlipidemia, liver steatosis, and lipid mobilization 
from adipose tissue in rats treated with hydrazine [78]. In rats chronically intoxi-
cated with cadmium, picroliv alleviated pathological changes in liver and kidneys. 
Picroliv was also more successful at alleviating pathological changes in liver of rats 
intoxicated with galactosamine than its two most known ingredients picroside and 
kutkoside individually [79].

2.20 Barberry (Berberis vulgaris)

Barberry was traditionally used in the treatment of various liver diseases. 
Common barberry is a shrub originating from Central and Southern Europe, 
Northwestern Africa, and Western Asia. It grows as a deciduous bush covered in 
thorns and with yellow color under the bark. The fruit is a long oblong red berry 
and sour, containing 2–3 seeds in the inside. Berries are edible and rich in vitamin 
C but very sour and hard to reach because of thorns. Berberine, alkaloid isolated 
from plant, is one of interesting compounds which is controversial because of its 
toxicity in experimental animals. Thus, lethal dose in intraperitoneal application in 
mice was 30 mg/kg [52, 58] and 205 mg/kg in rats [54]. Research on human subjects 
showed good resistance, even when it is consumed in high dosages for prolonged 
time period. Patients with diabetes type 2 and weakened liver function managed to 
successfully reduce the level of glucose in blood and diminish liver damage thanks 
to the use of berberine without significant side effects [80]. Treatment with berber-
ine improved liver function and alleviated signs of dyslipidemia in hyperlipidemic 
patients with hepatitis C and liver cirrhosis and in patients with diabetes type 2 
[81]. Research conducted on 1751 dyslipidemic patients showed improvement 
of lipid status in blood, with significant reduction of total risk of cardiovascular 
diseases [82]. Just in case, berberine should be avoided during pregnancy because it 
can cause jaundice and fetal kernicterus [83].

2.21 Nigella (Nigella sativa)

Nigella and more than 20 names are related to the miraculous plant which is used 
for over 3000 years. It is mentioned in the Bible as black cumin. The usefulness of 
this plant was also described by the Prophet Mohammed s.a.w.s. in words: “Nigella 
contains in itself the remedy for all diseases except death.” Hippocrates in his logs 
writes about effectiveness of this plant in healing digestive problems. In Ancient 
Greece, it was known as the agent for strengthening in case of physical and mental 
weakness of the patient. Nigella is an annual flowering plant, native to South and 
Southwest Asia. The fruit is a large and inflated capsule, each containing numer-
ous seeds. Seeds are used as spice and replacement for black cumin. Seeds used 
for preparation of nigella oils, in large quantities, usually come from Egypt, Syria, 
India, Pakistan, or Ethiopia. Nigella oil is produced by so-called cold squeezing, 
and it is not subjected to further manipulation. What was traditionally a feature of 
Nigella oil, biomedicine started to confirm only since 1964. Until today, there are 
over 460 researches which prove its benefits for human health. The oil has benefi-
cial effect on over 40 health conditions and more than 20 pharmacological effects. 
It acts as analgesic, as antibacterial [107], as anti-inflammatory, as antiulcerous, as 
anticholinergic, against high blood pressure, as antioxidant, as antiasthmatic, as 
antiviral, as bronchodilator, as antidiabetic, as hepatoprotective [84], against low 
blood pressure, in inulin synthesis, as antagonist to white blood cells, and as kidney 
protector. The oil is rich in linoleic acid, thymoquinone, nigellone, melanthin, 
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nigellinine, damascenine, and tannin. It has been discovered that oil also contains 
beta-sitosterol, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, 
folic acid, and arachidonic acid. Besides the aforementioned, it is also rich in pro-
teins; vitamins B1, B2, B6, C, and E; calcium; iron; copper; zinc; and phosphorus. 
Storage, squeezing, and preservation of nigella oil are very important because, in 
inappropriate conditions, it can have toxic effect [85].

2.22 Coumarin

Coumarin is a chemical compound found in many plants, especially in tonka 
seeds, woodruff, sweet grass, Perforate St John’s-wort, strawberries, apricots, cher-
ries, cinnamon, and sweet clovers. Coumarins can be found in large quantities in 
some oils, especially cinnamon oil, Chinese cinnamon leaf oil, and lavender oil, and 
in herbs like chicory, and in highest quantities in plants from the families Rutaceae 
and Umbelliferae [86]. There are plenty known derivatives of coumarin, synthetic 
or natural, and such structural diversity is the cause for many various biological 
activities. IMUNOMAX is dietary supplement which contains extracts of plants rich 
with 4-MU for liver regeneration, but it also has broad spectrum of other effects. In 
the world, it is considered as the strongest booster of the immune system: increases 
the number of T cells and the activity of NK (natural killer) cells by 300–800%, 
activates the immune cells (NK, LAK, and macrophage), increases cytokine 
production (TNF-a, gamma interferon IL-2, and IL-12), inhibits immunosuppres-
sive cytokines like TGF-b, improves Th1/Th2 balance, and improves the function 
of cytotoxic white blood cells. Boosting immunity, it prevents the transition from 
acute into chronic form of disease, shortens disease duration, and prevents pos-
sible complications [87]. Due to immunomodulation features, there is also a pos-
sibility of its application in the treatment of chronic infectious and opportunistic 
infections, in brucellosis treatment [88], MRSA infections [89], for antimicrobial 
activity in digestive tract [90], and for antifungal activity, and some coumarins also 
show tuberculostatic activity. Research at the University of Texas (San Antonio) 
from 2005 to 2007 involving 160 patients showed that 4-MU can stop and reduce 
symptoms and complications of chronic virus infection with hepatitis B (HBV) and 
hepatitis C (HCV). This effect was noticed with naive patients, as well as with those 
who did not react to interferon, which was earlier used as first-line therapy for HBV 
and HCV infections. It is assumed that 4-MU slows down progression of hepatitis 
into cirrhosis and liver cancer [91]. Research into coumarin metabolism proved 
that rats are not suitable model for research into toxicity of coumarin for humans 
[92]. Coumarins generally display multiple biological activities: anticoagulative, 
estrogenic, photosensitive, antimicrobial, vasodilatative, antiviral against HBV 
and HDV [93] and HCV, and molluscicidal activity; they act as anthelmintic (in 
digestive system) and as sedatives and hypnotics and also indicate analgesic and 
hypothermal effects. Other biological activities include inhibition of aggregation of 
platelets, cytochrome P450 and steroid 5α-reductase, spasmolytic, choleretic [94], 
anticancerogenic and anti-HIV activities [95], diabetes type 1, multiple sclerosis, 
Alzheimer’s disease, and rheumatoid arthritis. It also shows excellent effectiveness 
in removal of radicals, i.e., antioxidation mechanisms. Disease prevention and 
antioxidative features are also very important [96]. 4-MU is a powerful inhibitor 
of hyaluronic acid synthesis, and the result is antitumor effect; thus it can be used 
as chemotherapeutic agent in prostate cancer [97], breast cancer [98], stomach, 
melanoma, and renal cancer and prevents and helps in treatment of hepatocellular 
cancer [99]. Prevention and treatment of advanced prostate cancer with nontoxic 
agent alleviates side effects of oncological treatment, and it can also improve out-
come while preserving life quality. 4-MU does not react directly with cancer itself. 
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It boosts immune system to be able to do its primary task—destroy tumor cells! This 
also explains why the compound is so effective with other types of cancer (lungs, 
stomach, colon, thyroid gland, ova, testes, tongue). Results are ranked from real 
reduction in tumor mass to stopping of growth of tumor, preventing the spread of 
metastases, increasing survival times, and improving of life quality during disease 
[100]. There are no recorded negative side effects during this therapy nor interac-
tions with other medications. On the contrary, it is considered as an effective agent 
for relieving unpleasant side effects of drugs, including toxic chemotherapeutics.

3. Mechanisms of action of phytochemicals

Medicinal herbs, as a part of alternative strategy for disease prevention, which 
are traditionally used in folk medicine, it become important factors in human 
health preservation. Natural compounds with pharmacological effects for humans 
come into numerous interactions with internal and external cell molecules. A huge 
number of potential mechanisms of action of phytochemicals are suggested as a 
treatment for different diseases, including liver diseases. They are also independent 
of antioxidative activities [101]. Experiments on animals and cell cultures indicate 
that natural compounds can reduce pathological changes in the liver. Plants contain 
numerous phytochemicals: Polyphenols, phenol acids, coumarins, stilbene, tannins, 
lignans, and lignins [102, 103]. Polyphenols are the most famous micronutrients 
found in abundant amounts in diet, alongside with fruit and drinks, such as tea 
and red wine, as their primary source. Health effects of polyphenols depend on the 
amount consumed and their bioavailability. Flavonoids are the most widely spread 
polyphenol compounds found in plants. They can be divided into several groups: 
flavane, flavone, flavonol, flavanone, flavanonols, isoflavonoids, and anthocyani-
dins [104]. Polyphenols are proven to display a broad spectrum of pharmacological 
effects: Flavonoids show antiallergenic [105], anti-inflammatory, antidiabetic, 
cardioprotective [106], vasoprotective [107], neuroprotective [108], hepatoprotec-
tive [102], gastroprotective [109], antiviral [110], and anticancerogenic effects 
[111]. Flavonoids are also potential inhibitors of cellular autoimmunity [112]. Many 
of these compounds act as regulators of internal cellular processes such as cellular 
signalization or appropriate gene expression [113]. Molecular protection mecha-
nisms and polyphenol treatment activity in different pathological conditions cannot 
be ascribed exclusively to their antioxidative effect but also to direct blocking of 
signal pathways. Anthocyanins, a type of flavonoids, for instance, affect the activity 
of more than 120 receptors, signal molecules, transcription factors, and genes while 
directly reacting with more than 20 molecular targets. Their activity depends on 
structure, whereas their antioxidative potential does not necessarily correlate with 
their ability to affect internal and external cellular processes [113].

3.1 Free radicals

Free radicals are compounds that are natural products of metabolism. Many 
of them have important physiological role (nitrous oxide and superoxide radical). 
However, increased production results in damage to the protein molecules, lipids, 
and genetical material. Radicals’ production in an organism is incurred by numer-
ous factors from the environment, toxic agents, polluted air, smoking, sun expo-
sure, chronic diseases, infections, cancerogenic substances, intensive exercise, and 
genetic presupposition [101, 113]. Free radicals, along with other highly reactive 
compounds originating from oxygen, belong to the group of reactive oxygen species 
(ROS). ROS are result of all the processes that include the exchange of electrons, 
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and the most frequent causes are respiratory chain in mitochondria, endoplasmic 
reticulum (reaction to cytochrome P 450), hemoglobin oxidation in red blood 
cells, special cells (leucocytes, macrophages, and others create superoxide through 
NADPH oxidase), and external factors (UV light, X-rays, toxic chemicals, aromatic 
nitrous compounds, etc.) [102].

3.2 Antioxidants

Antioxidants are a group of different compounds acting as a protection from 
harmful effects of free radicals. They are provided in food, like vitamins and miner-
als. However, many of them are produced in the organism as well. They can be of 
enzymatic (catalase, SOD) and nonenzymatic origin (glutathione and vitamins C 
and E) [102]. Free radicals are neutralized in numerous ways: By binding with pro-
oxidative metal ions (iron and copper), by removing reactive compounds of oxygen 
(superoxide radical and hydrogen peroxide), and by inhibiting enzymes that create 
free radicals (NADPH oxidase). Their effects are related to slowing down aging 
process; reduction of cholesterol levels; reduction of risks of atherosclerosis, cardiac 
arrest, and stroke; prevention of creation and growth of tumors; and protection from 
other pathological conditions. Nowadays, various herbs and herbal preparations and 
medicines are more and more used in prevention and protection from liver diseases. 
Their most important function is antioxidative effect. Recently, significant amount 
of attention was dedicated to medicinal herbs with antioxidative effects [101].

4. Conclusions

Medicinal herbs, if used properly, have almost no unwanted effects, and if 
there are some, they are reduced to minimum. Nowadays, farming medicinal 
herbs without the use of artificial fertilizers and insecticides and in ecologically 
clean areas is preferred, in order to avoid harmful effects of pollution. Controlled 
picking, preservation, and processing ensure plants’ health safety. Medicinal herbs 
are used in various pharmaceutical forms: water extracts of herbal drugs (infu-
sions, decocts, macerates), ethanol tinctures, oil macerates, syrups, and capsules 
and pills. The substances important for plant’s effect are very often in only one part 
of the plant, and thus this part in particular is used as herbal drug. Contemporary 
phytotherapy is a perfect combination of traditional experience and the results of 
modern science. Nowadays, chemical composition of the main effective substance 
is usually known, and the use of medicinal herbs should be rationalized and left 
to experts. This is particularly important when combining medicinal herbs and in 
using with other medicines. FDA has standards for preparation of all food supple-
ments including medicinal herbs. FDA requires that ingredients listed on the label 
must actually be in the product itself, and there should be no harmful toxins, such 
as pesticides, for instance. FDA does not allow statements with medical indications 
or claims for any herbal preparation, even when its use is scientifically proven. 
Medicinal herbs and food supplements can have labels predicted for the category 
of functional food. These claims are referred to supporting body functions, for 
instance, that ginkgo contributes to brain health. Dietary supplements (DS) in the 
USA are regulated by several federal agencies whose jurisdictions overlap, Food 
and Drug Administration (FDA) and Federal Trade Commission (FTC), enforced 
by Attorney General Office (AGO) and Department of Justice (DOJ), and moni-
tored by Center for Disease Control (CDC). FDA can remove DS from the market 
should there be report on unwanted event, due to contamination, misidentifica-
tion, false listing, or claims and if they do not comply with Good Manufacture 
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Practice (GMP). FTC and AGO can enforce laws against deceiving marketing 
practices. Suggested improvements of existing regulatory demands are included 
in online DS toxic tables in a series, in order to warn in advance consumers, clin-
ics, corporations, and governments of possible serious side effects. They can also 
accelerate the response rate during oversight of marketing phase IV which would 
enable government to have its regulatory jurisdiction [114].
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Abstract

Hepatic fibrosis occurs in response to persistent liver damage and is character-
ized by an excessive accumulation of extracellular matrix. When the damage is
prolonged, there is a chronic inflammation and persistent hepatic fibrosis eventu-
ally leads to cirrhosis, where in addition to the scar, there is an important vascular
remodeling associated with portal hypertension and, if decompensated, leads to
death or can develop hepatocellular carcinoma. We have been studying the phar-
macologic functions of adenosine, finding that a derivative of this nucleoside, IFC-
305, shows hepatoprotective effects in a CCl4-induced rat cirrhosis model where it
reverses liver fibrosis through modulation of fibrosis-related genes and by amelio-
rating hepatic function. Furthermore, this compound has the property to rescue cell
cycle inhibition in vivo, prevents hepatic stellate cell activation, modulates anti-
inflammatory macrophage polarization, and favors a chromatin context that could
decrease the genomic instability and characteristics of cirrhosis, enabling the
recovery of gene expression profile. Here we show results that contribute to the
comprehension of molecular and cellular mechanism of cirrhosis, give the opportu-
nity to suggest biomarkers to the early diagnostic of this pathology, and constitute
the fundaments to suggest IFC-305 as a coadjuvant for treatment of this disease.

Keywords: liver fibrosis reversion, adenosine, Kupffer cells, hepatic stellate cells,
cell cycle, epigenetics

1. Introduction

Cirrhosis is the 14th dead cause worldwide in adults [1]; this pathology represents
an hepatocellular alteration, which is defined histologically by a vascular remodeling
that triggers formation of fibrotic interconnected septum that wraps the entire liver
tissue and divides the parenchyma in nodules [2]; as a consequence, there is a
reduction in hepatocellular mass as well as liver function and blood flow alterations.
These pathologic characteristics are independent of disease etiology, which mainly
could be alcoholic, biliary, and directed by viral or chronic hepatitis [3].
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In the past, cirrhosis was considered as an irreversible illness, but there is
evidence, which suggests that when there is an arrest of the viral or nonviral mayor
cirrhotic-generator insult, it is possible to resolve fibrosis [4–9]. This is evident in
successfully chronic hepatitis C treatment, in fibrosis resolution in hemochromato-
sis patients with effective treatment, and also in alcoholic liver illness patient who
has suspended alcohol consumption [10]. A group of histopathological injuries of
“reverted cirrhosis” has been described in the “hepatic reparatory complex” [9]
including a thin, incomplete and perforated septum, through which hepatocytes are
evident; there is a hepatocyte growing in terminal hepatic venules and little cumu-
lus of thick collagen fibers in the parenchymal sinusoids [2]. Nevertheless, this
disease could be considered as a pre-neoplastic state considering that 80% of hepa-
tocellular carcinoma originated from cirrhosis [11].

This pathology is a silence one; generally it courses without symptoms, whereby
its development confers a significant morbidity and mortality risk, and progression to
this terminal state of chronic liver injury is slow, around 20–40 years [12]. Thanks to
advances in the understanding of chromatin organization and rapid progress in
sequencing technology, it has been clear that not only genetics but also epigenetics
influence both normal human biology and diseases [13]; the combinatorial of these
both factors could influence on speed of disease development, generating changes in
chromatin, an inflammatory process and hepatic stellate cell (HSC) activation, trig-
gering a pro-fibrotic environment and if it is perpetuated, the cirrhosis establishment.
In this section, we will get deep into molecular and cellular aspects of cirrhosis and
how an adenosine derivative could reverse this pathology through generating an anti-
inflammatory environment and blocking HSC activation, modulating cell cycle and
mediating epigenetic changes which reduce altered expressed genes.

2. Biochemical and physiological alteration of liver during cirrhosis and
hepatoprotective effects of an adenosine derivative

Cirrhosis has a complex cellular and molecular dynamic that should be
approached using laboratory models that could be animal or cell cultures. One of the
most studied cirrhotic models employs carbon tetrachloride (CCl4) to generate the
pathology. This compound is a hepatic and renal toxic, whose effect is produced by
two different mechanisms: the first one is related with the alteration of hepatocyte
capacity to bind triacylglycerides to transporter lipoproteins, triggering an intracel-
lular lipid accumulation and fatty degeneration of the liver; the second mechanism
consists in the formation of metabolites extremely toxic, which lead to cell death
and centrilobular hepatic necrosis [14]. This toxic compound is a substrate of P450
cytochrome that transforms it into CCl3� radicals, and these radicals generate
CCl3OO� when it reacts with molecular oxygen. Since CCl3� radicals react with cell
membranes inducing lipid peroxidation, it has been proposed that the main cause of
hepatic illness by CCl4 is the membrane damage by the free radical chain reaction,
and probably, the initial event is related with mitochondrion membrane damage
[15]. Nevertheless, it is important to say that this model, unlike what happens in the
human, progresses to hepatocellular carcinoma with low frequency, so that it per-
mits only the evaluation of cirrhotic state.

Rats are intraperitoneal treated with 0.04 g/kg body weight of CCl4 three times
per week, during 10 weeks. After this time it is possible to observe a liver distortion,
the formation of nodules, bilirubin accumulation and hepatomegaly [16], the gen-
eration of a fibrotic area of 16% of the tissue, and a reduction in parenchyma surface
to around 78%. As a consequence of these liver architecture changes, there are
alterations of liver function: serum samples of cirrhotic rats display elevated AST,
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ALT, and bilirubin levels and albumin are relatively reduced [17]. Furthermore,
there is a reduction in ATP level with slow recovery after 5 weeks with saline. All of
these altered parameters reflect chronic hepato-biliary injury.

Since 1967, our laboratory has been studying the pharmacologic effects of adeno-
sine on hepatic metabolism [18], finding that this nucleoside increases hepatocyte
energetic charge [19], an effect which is able to increase metabolic fluxes [20]; it
increases glycogen synthesis, blocks fatty acid oxidation [21], and maintains cell
redox state. Some of the pharmacologic effects of adenosine on hepatotoxicity are:
prevention of fatty liver disease [21], recovery of basal energetic state which was
reduced by toxic agents [22], maintenance of redox balance between cytosol and
mitochondrion [23], prevention of CCl4-induced necrosis [24], avoiding free radical
propagation during CCl4 metabolism [25], and modulation of the blood flux of
hepatic artery [23]. Furthermore, adenosine is able to reduce 50% collagen accumu-
lation in a cirrhosis prevention model, thanks to the increase of liver collagenolytic
activity hand by hand with an improvement of liver function [26–31]. These findings
allowed us to propose adenosine as possible treatment to reverse cirrhosis.

In order to understand the mechanism of action of adenosine, we generated
several derivatives and compared their hepatoprotective properties against adeno-
sine, because this nucleoside is subject of an active metabolism within the cell
resulting in a short half-life of the nucleoside but with capability of metabolic
modulation; it could be phosphorylated by adenosine kinase, deaminated to inosine
by adenosine deaminase, or transformed to S-adenosylhomocysteine by S-
adenosylhomocysteine hydrolase [32].We found that aspartic salt of this nucleoside,
now denominated IFC-305, presents a better protection against lethal dose of CCl4
using a fourth of the dose than the parental compound; this effect could be under-
standable because IFC-305 presented a delay in the maximal absorption than aden-
osine (20 vs. 30 min), but adenosine level rapidly declined to practically
undetectable levels between 60 and 120 min, while IFC-305 presented a significant
liver concentration even 120 min after its administration; this behavior could be
explained by a 20% diminution of the activity of the adenosine deaminase, in the
presence of IFC-305, an enzyme responsible to transform adenosine to inosine.
These results suggest that IFC-305 clearance is much slower than that of adenosine
[33]. With these results, we decided to explore the hepatoprotective properties of
this adenosine compound, treating rats (50 mg/kg body weight, three times per
week) during 5 weeks after cirrhosis induction with CCl4.

Cirrhotic rats treated with IFC-305 present a healthy-like liver phenotype com-
pared with cirrhotic rats and also with cirrhotic rats treated with saline during
5 weeks after cirrhosis induction. Besides, decreased fibrosis was evident in
response to IFC-305 treatment, accelerating fibrosis resolution, leaving only 4% of
fibrotic area, while increasing parenchymal liver area from 87 to 90%, and collagen
was decreased to half-level as compared to saline-treated rats. This improvement in
liver architecture was in accordance with liver physiological amelioration; IFC-305
reduced significantly bilirubin and serum transaminase activities [17], and ATP
levels were equivalent to those of healthy liver [34], corroborating that IFC-305
presents the same hepatoprotective properties reverting cirrhosis than adenosine
but with a lower dose.

3. Cell cycle inhibition during cirrhosis and its recovery by IFC-305

Liver has a well-known capability to regenerate after resection [35]; the severity
of liver fibrosis is considered to be related with impaired regenerative capacity,
suggesting the arrest of cell cycle [36]. The fibrogenesis process is accompanied by
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energetic imbalance as well as oxidative damage generated by oxygen species that
could result in chromosomal instability, which induces injury in the check points of
the cellular cycle triggering an impaired regenerative capacity [34].

Cell cycle molecules play essential roles in hepatocyte proliferation. Specifically,
G1-phase related molecules are important because they are a requisite to enter into
cell cycle from quiescent state [34]. Considering adenosine is able to increase DNA
synthesis as well as the mitotic index and the expression of proliferating cell nuclear
antigen (PCNA) in a pre-established cirrhosis [31], over and above accelerating
progression of cell cycle during liver regeneration in rats subjected to one-third
hepatectomy [37], we have explored cell cycle state during cirrhosis and changes
mediated by IFC-305.

During cirrhosis, there is no evident change on PCNA, which is an auxiliary
protein of DNA polymerase delta and is an excellent marker of cell proliferation and
it is present at the beginning of the S phase; but IFC-305 treatment generates a 10-
fold increase of this protein, supporting the effect on proliferation activation medi-
ated by this compound; this result was validated by immunohistochemistry [34].
Regarding cell cycle cyclins, cyclin D1 levels in cirrhotic state was not altered, but
treatment with IFC-305 showed a 77% protein increase; this behavior correlates
with expression levels of that cyclin. On the other hand, Cyclin B1 did not change in
cirrhotic rats, but IFC-305 treatment reduces by 30% the protein level [34]. Cyclin
D1 belongs to G1 phase and is fundamental to initiate cell cycle and requires the
association with cyclin-dependent kinase 4 or 6 (CDK4/CDK6) to form an active
complex and allows the progression of cell cycle to S phase, whereas degradation of
cyclin B1 is important for metaphase-anaphase transition and progression of cell
cycle [38]. Evaluating the levels of CDK4, we did not find changes in cirrhosis but
IFC-305 generates a high increment of this protein. In the case of CDK6, the protein
is present in cirrhosis, the cessation of CCl4 and saline solution administration
reduces its levels, meanwhile IFC-305 treatment maintains elevated the presence of
CDK6 [33]. These results suggest that both CDK4 and CDK6 could form a complex
with Cyclin D1 and favor cell cycle progress in response to IFC-305 treatment. The
complex Cyclin D/CDK4/6 is responsible for Rb protein phosphorylation, promot-
ing the release of E2F1, which can induce transcription of several genes involved in
cell cycle entry into S phase and induction or inhibition of apoptosis [39]. In livers
from cirrhotic rats, there is a reduction of phospho-Rb (Ser 795), and IFC-305
restores the healthy levels; Rb gene expression correlates with protein levels. Analysis
of E2F1 protein levels reveals a decrease of this protein in cirrhotic livers and admin-
istration with saline solution during 5 weeks after cirrhosis inductions partially
reestablishes the levels of that protein but IFC-305 generates a higher increment than
the one reached with saline; this increment together with Rb gain supports the
reactivation of cell cycle, suggesting the entry to S phase of cell cycle [34].

Another level to regulate cell cycle progression is related with its inhibitors; with
regard to this, p21 is reduced 40% in cirrhotic animals and IFC-305 is able to
reassemble the healthy liver levels; p27, another cell cycle inhibitor, did not show
effects that could be related with cirrhosis establishment neither to IFC-305 treat-
ment during 5 weeks [34], so it is possible to suggest that one of the key cell cycle
inhibitors in cirrhosis development is p21.

Trying to understand which could be the signal that generates this reactivation
of cell cycle, we evaluated hepatocyte growth factor (HGF) levels in serum and
liver; HGF originally identified and cloned as a potent mitogen for hepatocytes, is a
strong protective and trophic factor for many tissues and organs [40]. Since HGF is
produced mainly by mesenchymal cells and c-Met, its specific receptor tyrosine
kinase is expressed in most epithelial, endothelial, and somatic stem cells [41]. In
cirrhosis, there is a little increment of HGF in serum but in liver, there are no
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significant changes; meanwhile, rats treated with IFC-305 trigger a threefold
increase of serum HGF versus healthy animals and a 35% increase versus cirrhotic
animals; in liver, there is a trend to increase the levels of HGF compared with both
healthy and cirrhotic rats. On the other hand, c-Met receptors present a 25%
increase in cirrhotic animals with further increase after 5 weeks of progress, but
treatment with IFC-305 induced a diminution in relation with cirrhotic rats admin-
istered with saline [34]. With these results, we could suggest that IFC-305 is able to
increase HGF levels in serum of cirrhotic rats, which could interact with c-Met in
liver, being the mitogenic signal which could trigger the reactivation of cell cycle
recovery.

4. Inflammation, the beginning of liver disease and a key of IFC-305-
mediated cirrhosis resolution

In recent years, it has been demonstrated that the immune response is one of the
main mechanisms involved in the progression and repair of liver pathologies [42].

Liver injuries provide a proper model of inflammation and repair, showing a
complex interaction of parenchymal, no-parenchymal cells and the extracellular
matrix, all of them, components of the mammalian wound-healing response. In
almost all etiologies, cirrhosis is preceded by fibrosis and inflammation, with ele-
ments of innate and adaptive immune response that are crucial in regulating these
processes [43]. Recent efforts to confront these fibrotic diseases are focused on
finding specific marks that transform an acute inflammation to a chronic one, and
to use them as therapeutic aims for treatment and reversion of this phenomenon
[44]. The immune response plays an essential role in this transformation, mainly by
diverse cellular phenotypes [45]. The participation of immune cells, such as Kupffer
cells (KCs), the liver macrophages, as initial effectors, is one of the main responsible
of cirrhosis development [46, 47]. They are antigen presenting cells and represent
an immune cell population related to liver fibrosis treatment.

The KCs present diverse activation phenotypes: M1 related to inflammation and
M2 anti-inflammation related with resolution of inflammation processes [48–50],
both are regulated by extracellular signals such as adenosine [51] and are directly
connected with other immune cells types as B and T cells.

In liver diseases, the phenomenon, in a canonical way, occurs when the activated
KCs regulate the hepatic stellate cells and other molecular and cell interactions
associated with the establishment of cirrhosis [52, 53]. KCs also interact with other
cells, like neutrophils, hepatocytes, etc., mainly through molecules directly associ-
ated with inflammation, tissue damage, and fibrosis, like cytokines and
chemokines, such as IL-1β, IL-6, TNF-α, and MCP-1 [54] or ROS (reactive oxygen
species) which promote the inflammatory response; KCs could be contributing to
anti-inflammatory effects with IL-10 and other cytokines involved in tissue repair
[55]. The liver is the main organ that produces and removes cytokines; all cell types
in the liver are capable of cytokine production, parenchymal and non-parenchymal
cells [56, 57].

By their destructiveness, macrophages guide the course of the inflammatory
response and are involved in the synthesis and repair of damaged tissue during the
inflammatory process, participating actively in the resolution of inflammation [58].
There are two proposed macrophage subtypes; activated by two ways: the classical
pathway (M1) or the alternative pathway (M2) [59]. These different polarization
states will depend on the microenvironment and the source of damage that has
occurred. The classical activation is critical for the initiation and maintenance of the
inflammatory process and to the response against pathogens and immune response.
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Classical activation or M1 is produced by the interaction of TLR4 receptor with
PAMPs such as LPS, from Gram-negative bacteria wall or by specific cytokines such
as TNF-α or γ-IFN. This group of classically activated macrophages produces large
amounts of proinflammatory cytokines such as TNF-α, interleukins (IL-1β, IL-6,
and IL-12), proinflammatory chemokines such as MCP-1, and nitric oxide (NO),
promoting activation, migration of other cells, and tissue damage [58].

In the case of alternative activation, the Th2 cells secrete cytokines such as IL-4
or IL-13 and induce the macrophage alternative M2 phenotype [60]. These M2
macrophages have very little capacity to present antigens while secrete high levels
of anti-inflammatory cytokines such as IL-10. Unlike classical activation, these
macrophages are not able to produce nitric oxide from L-arginine and also fail to
control the growth of intracellular pathogens [61]. However, they are capable of
producing a high quantity of arginase 1 enzyme that metabolizes L-arginine to
produce proline, glutamate, and polyamines promoting tissue repair [62].

We have demonstrated that in the experimental model of CCl4-induced cirrho-
sis, the IFC-305 treatment generates several changes in the inflammatory process,
mediated by cytokines and immune cells [63]. During the development of cirrhosis,
we observed an increment in the liver inflammatory cytokines, IL-6, IL-1β, MCP-1,
and TNF-α, in plasma and liver tissue, as well as an increment of M1 macrophages
(CD163+/CD11b+). The IFC-305 treatment decreased these inflammatory cyto-
kines, reduced the M1 inflammatory macrophages, and increased the M2 anti-
inflammatory macrophages (HIS36+/CD11b+). The anti-inflammatory role of IFC-
305 was also supported by elevation of IL-10, an enhanced metabolic activity of
arginase, reduction of NO levels in serum rats, a diminution of the protein levels of
inducible nitric oxide synthetase, and an increment of the protein levels of arginase
1 in the liver. These results suggest that the IFC-305 modulates the immune
response in cirrhosis and supports the hepatic protective action through an anti-
inflammatory role, mainly mediated by Kupffer cells [64].

5. Hepatic stellate cells, generators of extracellular matrix components
which trigger fibrosis and its activation prevention by IFC-305

Liver fibrosis is characterized by an accumulation of collagen types I and III
that are secreted by liver myofibroblast. These cells are originated mainly from
hepatic stellate cells (HSCs) and in a less number from the periportal fibroblast
or bone marrow cells. In normal liver, HSCs represent almost 10% of all resident
cells of the liver. They are quiescent cells specialized in lipid storage, mostly
retinyl esters. When there is a liver damage, the HSC become activated or
transdifferentiate to myofibroblast phenotype, characterized for being
proliferative, pro-inflammatory, and contractile and for increased synthesis of ECM
proteins [65].

The activation of HSCs is promoted by stimuli from resident and infiltrating
inflammatory cells that produce fibrogenic, proliferative, and inflammatory cyto-
kines such as TGF-β, PDGF, and TNF-α, among others, in addition to reactive
oxygen species [65].

In order to clarify the hepatoprotector role of IFC-305 in the CCl4-induced liver
fibrosis at a molecular and cellular level, we explored the effect of IFC-305 on the
activation of HSCs. These cells isolated from normal rat livers become activated
in vitro after 7 days in culture, in a similar manner that occurs in vivo after a liver
injury. We isolated HSCs from normal rat livers and cultured them for 7 days.
We found that IFC-305 treatment suppresses their activation, determined by the
inhibition of Col1a1 mRNA expression, prevention of Rho activation, inhibition of
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PDGF-stimulated proliferation, and increased expression of anti-fibrogenic genes
such as Pparg, Smad7, and Mmp-13 [66].

Hepatic fibrosis is characterized by ECM deposition, specially the type I collagen
protein. The excess of ECM is due to an imbalance between its production and its
degradation. ECM degradation is carried out by matrix metalloproteinases (MMPs),
whose activity is negatively regulated by tissue inhibitors of matrix metallopro-
teinases (TIMPs). During progression of liver fibrosis, activated HSCs produce an
excess of ECM and increase the expression of TIMP-1 and TIMP-2, resulting in an
excess of ECM deposition. In rodents, the MMP-13 is the principal matrix
metalloproteinase that degrades type I collagen [67]. Treatment of HSCs with IFC-
305 inhibited the production of Col1a1 mRNA but also increased the expression of
Mmp13 mRNA, which may result in an important decrease of collagen deposition.

The main fibrogenic cytokine is TGF-β, which signals into the cell through
membrane kinase TGF-type I and type II receptors, which activate the intracellular
Smad proteins and transduce the TGF-α signal to the nucleus. The Smad 7 acts as a
negative regulator of this pathway [65]. The Smad7 mRNA expression induced by
IFC-305 could result in the inhibition of TGF-β signaling and inhibition of HSC
activation.

Peroxisome Proliferator Activated Receptor gamma (PPARγ) regulates cellular
fatty acid storage and adipogenesis of fibroblast. Another very important effect of
IFC-305 on HSC is an increase of Pparg mRNA expression. PPARγ is expressed in
quiescent HSC, and its expression is rapidly decreased during HSC activation
in vitro and in vivo [68]. It is well documented that expression of PPARγ or treat-
ment with its natural or synthetic ligands inhibits HSC activation or can reverse the
activated HSC phenotype to the quiescent one [69]. The increased expression of
Pparg mRNA with IFC305 in HSCs could be contributing to maintain their quies-
cent phenotype.

The IFC-305 also inhibited the PDGF-BB-stimulated proliferation of HSC;
exploring the mechanism, we found that this effect was independent of adenosine
receptors, but required their uptake into cells by adenosine transporters followed by
their intracellular conversion to AMP by adenosine kinase, leading to increased
levels of AMP, pyrimidine starvation, and inhibition of DNA synthesis [66].

In summary, we demonstrated that HSCs are an important target of the anti-
fibrotic role of IFC-305 contributing to its hepatoprotective effect on liver fibrosis.

6. Gene expression deregulation in cirrhosis and IFC-305 modulation
beyond genetics

With the interest to have a general view of molecular changes occurring in
cirrhosis, we assessed the transcriptome evaluation of both cirrhotic and cirrhotic
livers treated with IFC-305 and found 413 deregulated genes in cirrhosis, and IFC-
305 treatment reduces the genes with deregulated expression to 263; making a gene
ontology, we noticed that the highest proportion of deregulated genes is related
with signal transduction, and interestingly, some of these deregulated genes are
involved in TGF-β signaling pathway, lipid metabolism, urea cycle, and
fibrogenesis.

Validating some of these differential expressed genes, we found an over-
expression of Fn1 (fibronectin 1) and Col1a1 in cirrhosis; both of them are regulated
by TGF-β signaling pathway, and importantly, Col1a1 gene encodes a component of
type I collagen called the pro-α1(I) chain that constitutes one of the main ECM
proteins in the fibrotic liver. In fact, expression of Tgfb1 gene was also increased in
cirrhosis, and other two genes with the same behavior were the complement C9 and
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Apoa1 [17]. PPARγ has anti-fibrogenic activity inhibiting collagen I transcription
[70]; there was a reduction in transcript levels of Pparg gene in cirrhosis state, in
concordance with other reports [71, 72]. Transcriptome analysis also revealed three
genes involved in ornithine and urea metabolism; the transcript level ofAss1 gene was
reduced as well as Cps1 gene. Making a deeper analysis of the transcriptome data, we
could identify a chromatin-related gene deregulated in cirrhosis; HDAC3 histone
deacetylase is over-expressed during cirrhosis. IFC-305 is able to reduce the levels to
healthy-like levels for three fibrogenic genes (Fn1, Col1a1, and Tgfb1), C9, Apob1 and
Hdac3;meanwhile, this compound generates the increasing expression of Pparg and
Cps1 recovering the levels of the healthy liver and partially restoring the levels of Ass1
[17]. Analyzing proteins, we could identify an increment in collagen I and HDAC3
and a reduction of PPARγ during cirrhosis, and the treatment with IFC-305 resembles
the healthy-like levels of these three proteins [16]. Thus, through this quantitative
analysis of expression and protein levels, IFC-305 shows capabilities to modulate the
gene expression of some important genes involved in liver fibrogenesis.

During CCl4-induced cirrhosis, besides hepatocellular damage previously
mentioned, there is chromosome instability [73] that could be induced by
hypomethylation on DNA, and contributes to carcinogenesis [74]. Considering
cirrhosis as a pre-neoplastic state (because 80% of hepatocellular carcinoma cases
are preceded by cirrhosis) [11], it is possible that the big changes in gene expression
could be directed by chromosomal instability generated by CCl4, but beyond the
genetic alterations that probably are occurring, many of these changes could be
related to regulation of gene expression at epigenetic level even more because
chromosomal instability could be occurring by DNA hypomethylation. Also, it is
important to remember that HDAC3 was incremented in cirrhosis, so some changes
in gene expression could also be modified by changes in chromatin.

Every process which is able to influence in heritable gene expression without
affecting DNA sequence is considered as an epigenetic regulation process [75]. DNA
methylation is probably the most studied epigenetic modification [76, 77]; it con-
sists in the incorporation of methyl group in 5 position of cytosine from CpG
dinucleotide. This incorporation does not modify DNA sequence and can influence
directly in transcriptional activity [78]. Methylated DNA distribution along genome
shows an enrichment on noncoding regions, repetitive elements [75], and further, it
inactivates mobile elements of the genome as transposons and sequences of viral
origin, having a function in genome stability maintenance, blocking undesired
recombination events [76]. On the other hand, on CpG islands of active genes, there
is no enrichment of this DNA modification [75] and participates in permanent gene
silencing in different steps of development [78, 79]. DNAmethylation is directed by
DNA methyltransferase enzymes which use S-adenosylmethionine (SAM) as
methyl donor from methionine cycle and the product of this reaction is S-
adenosylhomocysteine (SAH). It is important to mention that one important factor
to modulate biological methylation reactions (to DNA, RNA, proteins, and phos-
pholipids) is the hepatocellular ratio SAM/SAH [80].

The discovery of an active DNA demethylation pathway that involves the con-
version of 5mC to oxidized forms, like 5hmC, by DNA dioxygenases TETs and DNA
repair through the base excision system, incorporates a dynamic reversibility of
DNA methylation [81–84]. Ever since the discovery of this dynamics, strenuous
efforts have been made to characterize the precise role of 5hmC; such roles are
becoming more evident as we learn about 5hmC-specific genomic localization, its
relative stability, and recognition by other proteins [85], and current studies have
shown that this DNA modification has an antagonic role to 5mC [86].

We have previously shown that adenosine can modulate trans-methylation
reactions, like methylation of phospholipids, via regulation of
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S-adenosylmethionine (SAM) levels [87], so that we make an approach to SAM
levels and found that during cirrhosis, the amount of this molecule is diminished,
whereas IFC-305 treatment restored the physiological levels; this suggests that
during cirrhosis, it could be an imbalance of methylation reactions, and IFC-305,
like adenosine, could also regulate this process [16].

Epigenetic changes in cirrhosis are little understood; some studies demonstrated
a reduction on DNA methylation through the genome in CCl4-induced cirrhosis
[15, 88], and analyzing in a global way this modification, we obtained the same
behavior. With these results and in order to assess DNA methylation dynamics,
5hmC levels were measured and a similar behavior to the one observed with 5mC, a
reduction of 5hmC in cirrhosis in concordance with group of Mann findings, was
found [89]. Treatment with IFC-305 triggers a regaining of both 5mC and 5hmC
[16]. These results together suggest that there is a perturbation of DNA methylation
dynamic during cirrhosis, while IFC-305 is able to modulate this dynamic, possibly
reducing chromosome instability.

Another level of epigenetic regulation is related with genome packaging in chro-
matin, which has a direct repercussion in transcriptional activity, being mandatory its
remodeling, space specifically, and in a time defined way to carry out gene expression
[90]. Histones are a fundamental component of chromatin structure, being a target of
a big variety of post-translational modifications (PTMs), which allows the formation
of particular and regulated chromatin states; furthermore these modifications could
be inherited post-mitotically [91]. We want to highlight among histone PTMs, lysine
acetylation. DNA association with histone core is facilitated by electrical charge dif-
ference between both molecules, but histone acetylation neutralizes lysine positive
charge, weakening nucleosome-DNA interaction and triggering a less compact con-
formation which favors transcription [92].

Considering the finding that histone deacetylase HDAC3 level was high during
cirrhosis, global histone H4 acetylation was assessed, finding a reduction in this
histone PTM in cirrhotic livers. Physiological levels of global histone H4 acetylation
in cirrhotic rats treated with IFC-305 were recovered [16]. Together, these results
suggest that deregulated gene expression during cirrhosis could be related with
epigenetic deregulation involving DNA methylation dynamics and changes in his-
tone acetylation; besides, IFC-305 has epigenetic properties being able to modulate
5mC, 5hmC, and histone H4 acetylation in a global way, favoring the recovery of
physiological levels of each epigenetic modification and triggering the rescue of
healthy-like gene expression in liver.

7. Getting deeper into cirrhosis resolution or epigenetic regulation of
Pparg and Col1a1 by IFC-305

Once established that IFC-305 is able to reverse fibrosis, reactivating cell cycle
progression in cirrhotic livers, favoring an anti-inflammatory environment,
blocking hepatic stellate cell activation, and regulating gene expression through
epigenetic modulation, we analyzed the regulation of two of the main genes with
modified expression during cirrhosis, Pparg and Col1a1. Reminding, collagen I is the
mayor ECM protein and responsible for liver fibrosis, Col1a1, a gene which encodes
pro-α1 chain of this protein is over-regulated in cirrhosis, and there is a reduction of
nuclear receptor PPARγ in this pathological condition.

PPARγ has antifibrotic properties because it is able to inhibit collagen I gene
transcription. This inhibition is mediated by the ability of nuclear receptor to
compete with NF-I/p300 association to the Col1a1 gene in HSC [70]. p300 has a
histone acetyltransferase activity that transfers an acetyl group to the lysine residue

107

Molecular and Cellular Aspects of Cirrhosis and How an Adenosine Derivative Could Revert…
DOI: http://dx.doi.org/10.5772/intechopen.83481



[93] generating an open chromatin context in Col1a1 gene promoter favoring its
expression; whether PPARγ replaces p300 in Col1a1 gene promoter, there is a
chromatin context change because of the loss of acetylation activity in this region,
and the consequent blocking of the gene expression.

On the other hand, regulation of Pparg expression is directed by MeCP2 protein
in HSC activation like in cirrhosis. MeCP2 binds to regulatory regions of the gene
which are CpG enriched and recruits histone H3K9me3 writer enzymes suppressing
initial transcription of the gene. Furthermore, MeCP2 is required for polycomb
repressor complex 2 EZH2 component that establishes histone H3K27me mark on
the downstream coding gene region, blocking transcription elongation [94]. This
mechanism could explain the reduction of PPARγ levels in cirrhosis and therefore
the over-expression of Col1a1 in cirrhosis.

Considering that MeCP2 is a methyl binding protein [94], DNA methylation state
was evaluated with sodium bisulfite DNAmodification on Pparg gene promoter, and it
was found that both healthy and cirrhotic livers present Pparg gene promoter without
DNA methylation, and IFC-305 treatment does not modify this nonmethylated state
[16]. Evaluating histone H4 acetylation and histone H3K27me3 on Pparg gene pro-
moter through chromatin immunoprecipitation assay, we found that in cirrhosis,
there is a trend to compact chromatin context mainly dictated by histone H4 acetyla-
tion reduction, which correlates with decreased expression and protein levels; after
treatment with IFC-305 chromatin, there is an open chromatin context on Pparg gene
promoter triggered by an increase on histone H4 acetylation and a reduction of histone
H3K27me3, going hand by hand with over-expression and increase of protein levels
[16]. These findings suggest that reduction of PPARγ on cirrhosis is coordinated by a
chromatin compaction on gene promoter, and IFC-305 treatment generates a
decompaction of gene promoter with the consequent increase of gene expression.

The next step was to identify if IFC-305 mediated fibrosis reversion is related
with Col1a1 gene expression blocking though PPARγ was to assess nuclear receptor
deposition on Col1a1 gene promoter, but we were not able to find an increment of
this interaction in whole cirrhotic tissues treated with IFC-305; rather, we found a
diminishment of PPARγ deposition [16]. Further experiments on isolated HSCs
treated with IFC-305 are required to know if this molecular mechanism is occurring
directly in responsible cells of fibrosis generation. So, we asses DNA methylation
state on Col1a1 gene promoter, to know if this epigenetic mechanism is involved in
regulation of gene expression during cirrhosis. In healthy liver, Col1a1 gene pro-
moter presents a methylated state, which correlates with the absence of collagen I
overproduction; in cirrhosis state and progress of the illness, there is an important
reduction on methylation state on Col1a1 gene promoter going hand by hand with
accumulation of collagen I; and finally, treatment with IFC-305 generates a
remethylation of gene promoter and an enrichment of methylation around tran-
scription start site, associated with collagen reduction.

With these results, we could propose that fibrosis generation could be directed
by loss of DNAmethylation on Col1a1 gene promoter, and one of the mechanisms of
action that could explain cirrhosis resolution mediated by IFC-305 is the modulation
of DNA methylation on Col1a1 gene.

Blocking the prelude of hepatocellular carcinoma, a key point to avoid chronic
liver injury progress.

Along this chapter, some cellular and molecular alterations that characterize
cirrhosis have been described: a pathology that results in the combination of factors
which alters liver environment, beginning with an immunological response origi-
nated by macrophages inflammatory polarization that triggers hepatic stellate cell
activation, with alterations at chromatin level resulting in chromosome instability
and altered gene expression favoring the fibrogenic process. All these changes, as a
whole, could facilitate progress of the illness to hepatocellular carcinoma (HCC),
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which is the most common primary carcinoma of the liver. Up to 85% of HCC cases
arise in chronically inflamed and subsequently cirrhotic livers [95].

According to GLOBOCAN-IARC datasets [96], liver cancer is estimated to be at
the 7th place of cancer incidence and the 4th cancer death cause in 2018. Consider-
ing cirrhosis as a prelude of HCC, it is understandable that many liver cancers
follow a pattern of pathologic evolution, starting from cirrhosis to low-grade dys-
plastic nodules, high-grade dysplastic nodules, early HCC, progressed HCC and,
finally to advance HCC. Furthermore, this progress of illness involves a more
evident imbalance between genetic and epigenetic factors; regarding genetic ones,
early dysplastic nodules present a genome with a very limited genetic variation,
while advanced HCC has a heterogeneous genome with a range of 72–182 mutations
[97, 98]. On the other hand, concerning epigenetic aspects, a genome-wide DNA
hypomethylation in HCC has been described, which could be indicative of poor
survival [99]. In the same sense, another study described that aberrantly methyl-
ated differential expressed genes are related with cell cycle progress, p53 signaling,
and MAPK signaling in HCC [100]. Alteration on DNA methylation state could be
explained by down-regulation of TET dioxygenases in HCC condition with the
consequent reduction of 5hmC levels [101]. In normal tissue there is a characteristic
difference between euchromatic and heterochromatic regions that is lost in cancer
condition; it has been suggested that lost could be generated by a reduction of 5hmC
levels which goes around 70%. Furthermore, the specific relationship between
5hmC and chromatin marks in normal tissue is largely erased in tumors and sug-
gests that 5hmC landscape change in cancer could be associated with chromatin
structure alterations and deregulation of gene expression during tumorigenesis
[102].

HCC may progress silently in patients with sufficient liver function; due to
vague complaints and nonspecific symptoms, HCC diagnosis is usually delayed
[103]. Selected patients with localized disease may be treated with curative intents
with resection, liver transplantation, or local therapy like radial frequency ablation,
chemoembolization or radio-embolization. However, the majority of patients with
HCC are not candidates for resection [104, 105]. For patients suffering from
advanced HCC, chemotherapy failed to demonstrate a survival advantage
[106, 107]; so far, sorafenib is the first and only target orientated agent approved as
therapy of HCC [105], but it only extends survival of patients with advanced stage
disease for 3 months, and this medication causes considerable adverse events and
offers no symptom palliation [108]. This lack of effective treatment and surgical
impediment highlights the importance to reinforce molecular target therapies.

Preclinical studies indicated that IFC-305 is not toxic, neither genotoxic, nor
teratogenic and it is anti-carcinogenic [33]. Considering this last property, we
assessed IFC-305 effects on a chronic model of liver intoxication with diethylni-
trosamine and found that it could act as a HCC chemopreventive agent [109, 110].
The above suggests that some anti-fibrotic effects of the compound could prevent
cancer development, being an adjuvant in chronic liver disease treatment. Cur-
rently we are studying a deep molecular level to identify IFC-305 mechanism of
action in prevention of cancer establishment and potential disease reversion.

Considering recent advances in cirrhosis knowledge, we could suggest that in the
not long future, drugs targeting specific molecular keys for cirrhotic and HCC will be
developed and potentially they could be the first line of treatment even after surgery.

8. Conclusion

Cirrhosis is a complex pathology, which involves deregulation at different levels
(Figure 1); some insults such as hepatitis viral infections, alcohol, high fat diet, or
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even self-immune events could trigger the development of the illness, denoted by
biochemical alterations like albumin reduction and increase of transaminases. In our
case, we assessed the study of this disease using CCl4, which generates hepatocellu-
lar damage. Once cell membrane is affected by free radicals from CCl4 metabolism,
through epoxide formation, KCs are activated to phagocytose damaged cells; this
activation causes an inflammatory process, due to M1 macrophage activation.
Whether this inflammation is perpetuated, HSCs could be activated, becoming the
main producers of fibrosis (Figure 1B). At molecular level, cirrhotic-damaged liver
loses the capability to proliferate; there is a reduction in DNA methylation, 5hmC,
and histone H4 acetylation, which generates chromosome instability and therefore
alteration of gene expression, affecting principally fibrogenic genes. Among impor-
tant genes involved in the fibrogenic process are Pparg and Col1a1. Cirrhotic liver
presents a compact chromatin context of Pparg gene promoter with the consequent
reduction of both its transcript and protein; on the other hand, Col1a1 gene pro-
moter loses DNA methylation, and this correlates with gene overexpression and the
increment of protein levels. Adenosine derivative, IFC-305, has hepatoprotective
properties (Figure 1C); it is able to reduce fibrosis, ameliorate parenchymal area
and recover liver function. Treatment with this compound polarizes the macro-
phages to an anti-inflammatory phenotype M2, increasing the levels of immuno-
suppressant cytokine IL-10 and arginase 1; the reduction of the inflammatory
process facilitates the inhibition of HSC activation and the consequent reduction of
fibrosis. At molecular level, high serum levels of HGF, principal liver mitogen,
could interact with elevated levels of its receptor, c-Met, and stimulate cell cycle
progression, providing once more the regenerative capacity to the liver. IFC-305
could favor a genome instability diminishment as a consequence of the

Figure 1.
Architectural, physiological, cellular, and molecular alteration during CCl4-induced cirrhosis and
hepatoprotective effects of IFC-305. We show four different analyzed levels in this section: phenotype, denoting
architecture and cell composition of the liver; Serum, biochemical markers related with liver function; cellular
level, changes found in non-parenchymal cells; molecular level, changes in cell cycle components, chromatin,
and gene expression. (A) Healthy liver; (B) CCl4-induced cirrhosis state; (C) pre-established cirrhosis treated
with IFC-305.
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reestablishment of DNA methylation levels and 5hmC and Histone H4 acetylation;
these effects on chromatin trigger the recovery of healthy-like gene expression.
Fibrosis resolution mediated by IFC-305 could be explained by the generation of an
open chromatin context of Pparg gene promoter that correlates with its gene and
protein up-regulation. High levels of PPARγ could act as a repressor of Col1a1
expression in HSC; on the other hand, Col1a1 gene promoter gains DNA methyla-
tion on promoter and TSS, this methylation state goes hand by hand with reduction
of collagen I expression and protein, favoring a decrease in fibrosis, a key point in
cirrhosis resolution. These studies support molecules and cell behavior modified by
IFC-305 as a potential target for new drugs to treat cirrhosis, contribute to the
understanding of liver fibrosis at epigenetic level, open the door to the exploration
of chromatin modifications as a potential biomarker for early detection and inter-
vention of liver diseases, and support the use of IFC-305 as therapy for liver illness.
Finally, we highlight the relationship between cirrhosis and HCC, how liver fibrosis
is the prelude of HCC and in what manner IFC-305 could be an adjuvant preventing
HCC by its anti-cirrhotic and anti-neoplastic effects, and how recent advances
could favor development of an effective treatment, preferring a less invasive to
surgical one.
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Nomenclature

5hmC 5-hydroximethylcytosine
5-LO 5-lipoxygenase
5mC 5-methylcytosine
ALT alanine aminotransferase
AMP adenosine monophosphate
AST aspartate aminotransferase
ATP adenosine triphosphate
CCl3� trichloromethane radical
CCl3OO� trichloromethyl peroxy radical
CCl4 carbon tetrachloride
CDK4 cyclin-dependent kinase (for example, CDK4, CDK6, etc.)
c-Met tyrosine-protein kinase Met or hepatocyte growth factor receptor
Col1a1 type I collagen pro-α1(I) chain gene
CpG cytosine guanine dinucleotide
DNA deoxyribonucleic acid
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E2F1 transcription factor E2F1
ECM extracellular matrix
H3K27me3 histone H3 trimethyl lysine 27
H4ac hyperacetylated histone H4
HCC hepatocellular carcinoma
HDAC histone deacetylase
HGF hepatocyte growth factor
HSC hepatic stellate cells
IFC-305 aspartate salt of adenosine: 2-aminosuccinic acid–2-(6-amino-9H-

purin-9-yl)-5-(hydroxymethyl)tetrahydrofuran-3,4-diol (1:1)
IL interleukin (for example, IL-1β, IL-10, etc.)
iNOS inducible nitric oxide synthase
KC Kupffer cells
LPS lipopolysaccharide
M1 inflammatory macrophages
M2 anti-inflammatory macrophages
MAPK mitogen-activated protein kinase
MCP-1α macrophage protein inflammatory 1-alpha
MeCP2 methyl-CpG binding protein 2
MMP9 matrix metalloproteinase 9
mRNA messenger ribonucleic acid
NO nitric oxide
p21 cyclin-dependent kinase inhibitor 1
p27 cyclin-dependent kinase inhibitor 1B
P450 CYP450 cytochrome
PAMPs pathogen associated molecular patterns
PCNA proliferating cell nuclear antigen
PDGF platelet-derived growth factor
PPARγ peroxisome proliferator-activated receptor gamma
PTMs post-translational modifications
Rb retinoblastoma protein
RNA ribonucleic acid
ROS reactive oxygen species
SAH S-adenosylhomocysteine
SAM S-adenosylmethionine
STAT6 signal transducer and activator of transcription 6
TET DNA dioxygenase ten-eleven translocation
TGF-β transforming growth factor beta
TIMPs tissue inhibitors of matrix metalloproteinases
TLR4 Toll-like receptor 4
TNF-α tumoral necrosis factor alpha
VEGF vascular endothelial growth factor
α-SMA alpha smooth muscle actin.
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Chapter 7

Nonischemic Cardiomyopathy in 
Liver Transplant Recipients
Alexander A. Vitin, Dana Tomescu and Leonard Azamfirei

Abstract

Nonischemic cardiomyopathy is a collective term, encompassing a spectrum 
of cardiac comorbidities, accompanying the progressing end-stage liver disease. 
Alcoholic and cirrhotic cardiomyopathies are the most researched, well-known 
clinical entities in the list of nonischemic cardiac disorders that bear the most 
substantial impact on the clinical course, management, and outcomes of liver 
transplantation in ESLD patients. In this chapter, morphology, pathophysiology, 
diagnostic criteria, clinical manifestations, and management options of nonisch-
emic cardiomyopathy in liver transplant candidates and recipients, the patients with 
end-stage liver disease due to advanced stages of cirrhosis, are discussed.

Keywords: nonischemic cardiomyopathy, cirrhosis, liver transplantation, 
morphology, physiology, management

1. Introduction

The trend of performing liver transplants on an ever-increasing number of 
sicker patients with more severe cardio-vascular comorbidities, once considered as 
posing insurmountably high risk, prohibitive for surgery, is quickly becoming an 
everyday reality. Among other comorbidities, cardiomyopathies are considered as 
very common conditions that significantly alter the course of the liver disease and 
candidacy for liver transplant and contributes substantially to perioperative hemo-
dynamic profile and management and, eventually, to immediate and long-term 
outcome. While coronary artery disease-related morbidity remains the most serious 
concern in respect to liver transplant recipient well-being and outcomes, the groups 
of nonischemic cardiac conditions, that are increasingly common, oftentimes go 
underappreciated, underdiagnosed, and simply overlooked. The recent trends, 
however, demonstrate an increasing awareness and deeper understanding of these 
conditions.

Limited data is available about the actual prevalence of cardiomyopathy and 
its impact on the liver transplantation outcome. According to recent studies, it has 
been estimated that as many as 50% of patients undergoing liver transplantation 
developed at least some signs of cardiac dysfunction [1], and overall mortality from 
overt heart failure in the post liver transplantation period was estimated at about 
7–21% [2].

In this review, we will focus on physiological and clinical aspects of nonischemic 
cardiomyopathy, which accompany practically every liver disease in the advanced 
stages.
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Nowadays, the majority of transplant subspecialty physicians consider cardio-
myopathy mostly as either “cirrhotic” or “alcoholic,” with disregard to differences 
in physiology, clinical course and, for liver transplant recipients, even to outcome 
impact.

We suggest considering a “cardiomyopathy” as a collective term that refers to the 
spectrum of myocardial pathology, with a variety of etiological factors, ways and 
timing of development, similar, albeit not exactly identical, clinical manifestations, 
and degrees of contribution to hemodynamic profile of the liver transplant recipi-
ent. Furthermore, based on clinical features, cardiac morbidities, encountered in 
liver transplant candidates/recipients that qualify for nonischemic cardiomyopathy, 
may be divided into chronic forms (such as cirrhotic, alcoholic, etc.) and acute 
(stress-induced and Takotsubo).

In this review, we will focus on etiology, morphology, pathophysiology, diagnos-
tic criteria, and clinical manifestations of chronic nonischemic cardiomyopathies 
in liver transplant candidates. Acute nonischemic stress-induced cardiomyopathy 
discussion is beyond this chapter’s scope.

2. Etiology-related morphology

Etiologically different forms of cardiomyopathy have generally similar patho-
logical morphology and histopathology, with minimal, sometimes imperceptible, 
differences in microscopic details. In majority of cases, a histomorphological pic-
ture of nonischemic cardiomyopathy may be identified as having common features 
with chronic myocarditis, resulting in myocardial fibrosis, hypertrophic, dilated 
cardiomyopathy, or their combination.

As it has been demonstrated (using endomyocardial biopsy), a distinction 
between idiopathic, chronic inflammatory, and alcoholic cardiomyopathy is virtually 
impossible. Common features such as fibrosis, cardiac myocyte hypertrophy, and 
nuclear alterations have been observed in the alcoholic cardiomyopathy [3] or the 
World Heart Federation/International Society and Federation of Cardiomyopathy 
(WHF/ISFC) definition of myocarditis [4, 5]. Alcohol consumption is considered to 
be the major contributory factor of secondary nonischemic dilated cardiomyopathy 
in up to 33% of all cases of dilated cardiomyopathy [6, 7]. In alcoholic cardiomy-
opathy, dilation and impaired contraction of the left or both ventricles are observed 
[8]. Left ventricular end-diastolic diameters are increased compared to age- and 
weight-matched controls, the left ventricular mass index is increased, and the left 
ventricular ejection fraction is well below normal (<45%) [9].

Recent studies have demonstrated that Hepatitis C virus (HCV) also possesses 
tropism trait for other than liver tissues, such as lymphatic system and myocardial 
cell membranes. However, precise mechanisms of the myocardial damage have not 
yet been elucidated. Development of HCV-associated cardiomyopathy is considered 
as a result of multiple factors, such as viral, immunologic, and apoptotic-related in 
genetically susceptible patients [10]. Recent studies have demonstrated hepatitis C 
virus (HCV) involvement in the development of dilated cardiomyopathy, hyper-
trophic cardiomyopathy, and arrhythmogenic right ventricular cardiomyopathy in 
addition to myocarditis and myocardial fibrosis [11].

Cirrhotic cardiomyopathy is defined as “cardiac dysfunction in patients with 
cirrhosis, characterized by impaired contractile responsiveness to stress, diastolic 
dysfunction, and electrophysiological abnormalities in the absence of known 
cardiac disease” [12]. There is only very limited information about epidemiology, as 
well as actual prevalence of this condition at present time. Its diagnosis is difficult, 
because the majority of liver transplant candidates demonstrate nearly normal (for 
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cirrhotic patient) cardiac function at rest, and only during ESLD decompensation 
phases, they present with diastolic and/or high cardiac output heart failure [13]. 
However, QT interval prolongation in cirrhotic patients (25% in cirrhosis Child 
Pugh class A, 51% in Child Pugh class B, and 60% in Child Pugh class C) may be 
considered the earliest sign of cirrhotic cardiomyopathy; some information of 
prevalence might be derived from these data [14–16]. In earlier studies, cirrhotic 
cardiomyopathy has been considered to be related to both portal hypertension and 
cirrhosis itself, and is characterized by intrinsic alterations in myocardial function 
[17]. In its advanced stages, the morphology of cirrhotic cardiomyopathy may be 
described as, essentially, a combination of both dilated and hypertrophic cardiomy-
opathy, with various degrees of fibrosis development. Oftentimes, right- or bilateral 
atrial enlargement, along with right ventricle distension may be seen using TTE.

Hemochromatosis, due to iron deposition in myocardial cells, predisposes to 
either dilated or restrictive cardiomyopathy. If left untreated, hemochromatosis 
eventually progresses to end-stage heart and liver disease, with heart-liver trans-
plantation as the best treatment option [18]. Early electrocardiographic abnormali-
ties are frequent in patients with cirrhosis due to hemochromatosis. However, overt 
CHF is unusual [19]. Morphology of hemochromatosis-related cardiomyopathy 
in cirrhotic patients includes increased left ventricular mass, end-diastolic and 
end-systolic diameters of the left ventricle, and left atrium diameters, as well as 
significant changes of systolic function indices [20].

Nonalcoholic fat liver disease is becoming highly prevalent in the adult popula-
tion (15–30%), with increase to 70–90% in obesity and type 2 diabetes, represent-
ing one of the most common causes of chronic liver disease among LT candidates 
[21, 22]. The correlation between almost two-fold increased cardiovascular 
mortality and nonalcoholic steatohepatitis (NASH) has been clearly demonstrated 
[23]. Increased amounts of liver fat are associated with the presence of markers 
of inflammation and risk factors of coronary vascular disease, independent of 
BMI. Steatosis has been found to be the strongest independent risk predictor of 
vascular damage and also involved in pathogenesis of coronary vascular disease 
in liver transplant candidates. In a recent study, severe early LV diastolic and 
systolic dysfunctions were observed in NASH patients [24–26]. In a retrospective 
study, comparing patients with nonalcoholic steatohepatitis (NASH) and alcoholic 
cirrhosis, NASH was more frequently associated with cardiovascular events after 
liver transplant in comparison with that in the alcoholic cirrhotic patients [27, 28]. 
Although coronary artery disease and related ischemic cardiomyopathy is beyond 
the scope of this review, it seems worth mentioning the involvement of such com-
mon etiology of ESLD, such as NASH cirrhosis, in cardiomyopathy development.

3. Pathophysiology and mechanisms of nonischemic cardiomyopathy

3.1 Contractility impairment, systolic dysfunction, and diastolic dysfunction

Overall myocardial dysfunction physiology in cirrhotic patients is exceedingly 
complex, multicomponent, and still not entirely understood. Two main compo-
nents should be considered: myocardial contractility impairment and contribution 
of high cardiac output & low afterload hemodynamic profile (typical for ESLD 
patient hyperdynamic circulation), with secondary hemodynamic derangements, 
such as portopulmonary hypertension and related syndromes.

In their comprehensive review, Møller and Hendriksen [12] listed a number of 
potential mechanisms involved in the impairment of contractile function of the 
cardiomyocyte in cirrhotic cardiomyopathy on the receptor level. These include: 
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downregulation of b-adrenergic receptors with decreased content of G-protein, 
causing inotropic incompetency, and upregulation of cannabinoid 1-receptor 
stimulation; increased inhibitory effects of cardiodepressant substances such as 
hemoxygenase, carbon monoxide (CO), nitric oxide synthase (NOS)-induced nitric 
oxide (NO) release, and tumor necrosis factor-α( TNF – α). Many postreceptor 
effects are mediated by adenylyl cyclase inhibition or stimulation. Altered func-
tion and reduced conductance of potassium channels, inhibition of L-type calcium 
channels, and increased fluidity of the plasma membrane (increased cholesterol/
phospholipid ratio) also contribute to reduced calcium release and contractility.

It has been demonstrated that the reduced β - adrenergetic-dependent inotropic 
effect could be attributed to an overexpression of inhibitory G-protein and regula-
tors of G-protein signaling, which inhibit the adenylate cyclase, and those that 
accelerate degradation of cAMP such as phosphodiesterase [29]. The endogenous 
and exogenous cannabinoids exert mostly a vasodilatory effect. The ability of 
endocannabinoids to induce apoptosis of hepatic stellate cells, promoting the 
development of portal hypertension and hyperdynamic circulation, amplifies by 
vasodilation [30]. Increased local endocannabinoid production in cirrhosis and 
activation of CB1 receptors by endogenous anandamide contributes to the reduced 
cardiac contractility in cirrhosis [31].

Experimental evidence suggests that nitric oxide (NO) plays a significant role 
in the decreased vascular responsiveness to vasoconstrictors [32]. NO has been 
shown to cause significant impairment of the contractility in cirrhotic rats. Results 
of experimental studies have indicated that the cytokine–NO pathway occurs in 
cirrhotic rat hearts with enhanced expression of the NO synthase, and that inhibi-
tion of the NO synthesis by the NO inhibitor L-NAME reverses the impaired cardiac 
contractility [33–35].

Abnormalities in the properties of the plasma membrane determine the 
magnitude of the ion channel dysfunction. A decreased density of potassium cur-
rents in ventricular myocytes, which may contribute to prolong the QT interval, 
has been found on an experimental model. Also, a reduced expression and density 
of L-type Ca++ channels and inward cellular calcium current have been found 
as well, which may contribute to reduced contractility and also cause changes in 
excitation-contraction coupling and prolonged QT interval, with arrhythmogenic 
effect ensued [36–38].

B-type natriuretic peptide (BNP) and its prohormone, pro-BNP, are sensitive 
markers of even mild myocardial injury. Both compounds have been found elevated 
in patients with compensated and decompensated cirrhosis and seemingly correlate 
with the severity of cardiac dysfunction and myocardial hypertrophy [39, 40].

All aforementioned mechanisms of contractility impairment contribute to systolic 
dysfunction development. In majority of liver transplant candidates, the left ven-
tricular ejection fraction (LVEF), which serves as relatively integral index of systolic 
function assessment, has been found normal (EF of 50–60%) or increased (EF > 70%) 
at rest in patients with cirrhosis [41, 42]. Some attenuation of LVEF has been shown 
after exercise, sodium load, or erect posture [43]. Blunted heart rate response to stress, 
reduced myocardial reserve, and impaired muscular oxygen extraction are among rea-
sons that potentially contribute to the systolic dysfunction in cirrhotic patients [44].

Diastolic dysfunction is characterized by abnormal left ventricular relaxation, 
impeding blood flow through the ventricle, increasing left ventricular end-diastolic 
pressure, and increasing atrial contribution to late ventricular filling [45]. Diastolic 
dysfunction may be a consequence of either hypertrophic or dilated cardiomyopa-
thy, myocardial patchy fibrosis, and subendothelial edema [46]. The histopathology 
of diastolic dysfunction showed cardiomyocyte hypertrophy, altered pigmenta-
tion, interstitial fibrosis, and myofiber vacuolization [47]. Diastolic dysfunction, 
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manifesting in impaired passive and active filling of the left ventricle during 
diastole, causes an inability to adequately increase stroke volume in response to 
stress and other stimuli. Diastolic dysfunction may precede systolic dysfunction 
in cirrhosis [48]. The clinical significance of diastolic dysfunction has been best 
demonstrated in cases of rapidly developing heart failure after transjugular intra-
hepatic portosystemic shunts (TIPS) [49]. It has been found that after TIPS, there is 
an increase in the left atrial diameter, the pulmonary capillary wedge pressure, and 
total pulmonary resistance [50].

3.2 Role of the hyperdynamic circulation

As it has been shown in numerous studies, peripheral and splanchnic vasodilata-
tion appears to be the leading cause of hyperdynamic circulation in advanced stages 
of ESLD [51]. Initially, a reduction in systemic vascular resistance is compensated 
by an increase in cardiac output (almost to 200% of baseline), and effective circu-
lating blood volume satisfies the requirements for adequate peripheral perfusion. 
In advanced stages of cirrhosis, a further reduction in systemic vascular resistance 
cannot be compensated by a further increase in cardiac output, which leads to 
relative “hypovolemia” that manifests in hemodynamic instability and poor stress 
(e.g. blood loss) tolerance. At this stage, other mechanisms, such as activation of the 
renin-angiotensin system, sympathetic nervous system, and antidiuretic hormone 
overproduction, are employed to maintain effective circulating blood volume and 
perfusion pressure. Activation of these same compensatory systems is the leading 
cause of sodium and water retention and, ultimately, ascites formation [52, 53].

Though overt heart failure in even advanced stages of ESLD is a rare occurrence, 
the compensation mechanisms eventually are becoming overwhelmed, and, in a 
view of very limited myocardial reserve, already impaired contractility, systolic 
and diastolic dysfunctions, and myocardial performance are starting to decline 
substantially.

3.3 Role of portopulmonary hypertension

Portopulmonary hypertension is defined as pulmonary hypertension, associ-
ated with portal hypertension with or without accompanying liver cirrhosis. The 
correlation between development of portopulmonary hypertension and the severity 
of liver disease has not been found. Approximately 20% of candidates for liver 
transplantation will have elevated pulmonary artery pressures, but have a normal 
pulmonary vascular resistance (PVR). Such PA pressure increase may be the result 
of volume overload, cardiac failure, and high output circulation. True portopulmo-
nary hypertension has a prevalence of 5–6% among liver transplant candidates and 
is the result of pathological changes in the pulmonary vasculature [54].

In the assessment of a liver transplant candidate, presenting with portopulmonary 
hypertension, a right heart catheterization, a transthoracic echocardiography, and a 
test-challenge with volume bolus and dobutamine test are instrumental in determin-
ing the limits of patient’s tolerance for potential liver transplantation procedure [55].

The most important component of the porto-pulmonary syndrome physiol-
ogy is, actually, not so much the degree of pulmonary hypertension, expressed in 
pulmonary artery pressure figures, but rather right ventricle (RV) dysfunction, 
namely significant shape (i.e. RV dilation) and systolic function alterations. In the 
group of patients with more rapid increase in PAP (as opposed to the slow, gradual 
pulmonary hypertension development), early RV dilation and more significant 
pulmonary regurgitation, leading to various degrees of right ventricular failure and 
decompensation, have been found [56].
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Systolic dysfunction

1. Blunted increase in cardiac output on exercise, volume challenge, or pharmacological stimuli
2. Resting ejection fraction, 55%

Diastolic dysfunction

1. E/A ratio, 1.0 (age-corrected)
2. Prolonged deceleration time (0.200 ms)

Supportive criteria

1. Electrophysiological abnormalities:

• Abnormal chronotropic response

• Electromechanical uncoupling/dyssynchrony

• Prolonged Q–Tc interval

2. Enlarged left atrium
3. Increased myocardial mass
4. Increased BNP and pro-BNP
5. Increased troponin I

BNP, brain natriuretic peptide; E/A ratio, ratio of early to late (atrial) phases of ventricular filling (from: 46, with 
modifications).

Table 1. 
Diagnostic criteria of cirrhotic cardiomyopathy.

Portopulmonary hypertension has an enormous impact on liver transplantation 
outcome. A mean pulmonary artery pressure (MPAP) of 50 mm Hg or greater has 
been found to be associated with a 100% post-OLT mortality rate, and a MPAP of 35 
to <50 mm Hg is associated with a 50% post-OLT mortality rate [57]. For the time 
being, severe portopulmonary hypertension is considered to be an absolute contra-
indication to liver transplant. Patients with moderate severity should be considered 
for pulmonary vasodilator therapy, and their candidacy for liver transplantation 
depends on their hemodynamic response [58].

Liver transplantation may not reverse the portopulmonary hypertension. Long-
term vasodilator therapy may be necessary after the surgery, and, nevertheless, the 
syndrome may persist for years [59, 60].

It remains unclear, to which exact degree portopulmonary hypertension contrib-
utes to worsening of preexisting cardiomyopathy. However, its role in the develop-
ment of right ventricle dilation and ultimate right heart failure appears to be more 
significant than commonly recognized.

4. Diagnostic criteria

A proposal for diagnostic and supportive criteria for cirrhotic cardiomyopathy 
agreed upon at the 2005 World Congress of Gastroenterology in Montreal pub-
lished in 2008, a working definition of cirrhotic cardiomyopathy is formulated as 
 follows: “A cardiac dysfunction in patients with cirrhosis characterized by impaired 
contractile responsiveness to stress and/or altered diastolic relaxation with electro-
physiological abnormalities in the absence of other known cardiac diseases.” The 
diagnostic criteria are summarized in Table 1.

While systolic dysfunction ECO-diagnosis is more or less straightforward, 
diastolic dysfunction sometimes presents a certain challenge. TTE/TEE diagnostic 
criteria of diastolic dysfunction include decreased ratio of early to late atrial phases 
of ventricular filling (E/A ratio, less than 1). The decreased E/A ratio is a relatively 
common finding in cirrhotic patients [43, 61]. Measurement of the mitral annular E 
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wave (E′) is considered a more accurate marker for evaluation of diastolic dysfunc-
tion, due to its decreased dependency on the preload in the presence of diastolic 
dysfunction. With worsening of the diastolic dysfunction, the E′ decreases, which 
reflects the increased stiffness of the ventricle. The E:E′ ratio has been found to 
reflect left ventricular filling pressure, and this ratio increases as diastolic function 
worsens [62–65].

5. Clinical manifestations and reversibility

The clinical manifestations of cirrhosis-related myocardial dysfunction are 
becoming evident during liver transplantation surgery, when the hemodynam-
ics are affected by numerous factors that include blood loss and fluid shifts with 
substantial third space formation, mechanical ventilation, large vessel clamping 
(specifically portal vein and IVC), and effects of anesthesia. In severe cases, heart 
failure manifests in significant reduction in the cardiac output [66, 67]. The prob-
lem is that, considering the baseline abnormally increased CO (up to 10–12 L/min), 
a gradual decrease to 4–5 L/min may not be immediately perceived as such and 
interpreted as a sign of ongoing myocardial decompensation. In the clinical study 
on 209 liver transplant recipients, abnormal cardiac response was observed in 47 
(22.5%) patients after reperfusion. The authors suggested that the abnormal cardiac 
response observed during liver transplantation is a manifestation of occult cirrhotic 
cardiomyopathy [68].

A number of factors affect myocardial performance in the immediate postopera-
tive period. Persisting metabolic disturbances, specifically lactic acidosis, hypother-
mia, and electrolyte disturbances (hyperkalemia and hypocalcemia) can further 
compromise cardiac performance. Among multiple causes of postoperative hemo-
dynamic instability (such as underestimated hypovolemia due to ongoing or occult 
hemorrhage, third space formation/losses), a preexisting dilated cardiomyopathy 
should not be overlooked.

The rapid improvement of systemic vasodilatation, especially in combination 
with use of vasoactive agents, can result in a sudden increase in the afterload, 
which is another possible cause of excessive myocardial stress, leading to potential 
development or worsening of the existing heart failure. It has been found that after 
liver transplantation, almost 25% of liver transplant recipients have cardiovascular 
complications and an increased risk for postoperative pulmonary edema [16]. 
Postoperative pulmonary edema is quite common occurrence, and at least 50% of 
edema episodes develop within the first 24 h after surgery [69].

Reversibility of cardiomyopathy after liver transplant, albeit previously pre-
sumed very likely, appears to be not all that assured, let alone guaranteed, according 
to recent clinical studies. In the retrospective study on 243 liver transplant recipi-
ents, the diastolic dysfunction and QT interval changes have been investigated in 
postoperative period. The results revealed that the grade of diastolic dysfunction 
significantly worsened on echo performed after transplantation. Diastolic function 
worsened in up to 40% of the patients. Furthermore, longer QT was indepen-
dently associated with adverse outcomes after OLT. Although QT significantly 
decreased after OLT, prolonged QT continued to be prevalent among patients after 
OLT. However, as study demonstrated that despite being associated with a longer 
hospital stay, the presence of diastolic dysfunction was not independently associ-
ated with long-term adverse outcomes after OLT. The authors concluded that some 
parameters, representing cirrhotic cardiomyopathy, such as diastolic dysfunction 
and prolongation of QT, continued to worsen or, at least persist in patients for many 
years after OLT [70].
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6. Management: possible treatment options

Universally accepted treatment for clinically significant cardiomyopathy is 
yet to be established. Pharmacological interventions should be directed at the 
most important components of the syndrome, such as systolic and diastolic 
dysfunction, electrophysiological abnormalities, and impaired contractility. 
Liver transplant remains an ultimate cure for cirrhosis and for its major compli-
cations; it is also likely to cure the cirrhotic cardiomyopathy. However, neither 
time frame nor the extent of myocardial functional and structural recovery is 
known yet.

Nonselective β-blockers have been shown to improve the prolonged QT interval; 
β-blockers-induced cardiac output modification/reduction might play a positive 
role in the reduction of the hyperdynamic load [71, 72].

The common principles of the congestive heart failure treatment are completely 
applicable and should be followed, once heart failure manifests in liver transplant 
recipient. Depending on renal function (or lack thereof, in cases of severe hepa-
torenal syndrome or acute kidney injury), the treatment of CHF in cirrhotic patient 
will, most likely, include diuretics. It is likely, that patients with manifesting heart 
failure also exhibit a diuretic-resistant ascites. Even in these cases, aldosterone 
antagonists, such as spironolactone, might be beneficial in reducing left ventricular 
hypertrophy and dilatation, potentially improving diastolic dysfunction [73]. 
The known effects of aldosterone, such as myocardial fibrosis development, and 
baroreceptor dysfunction, provide a rationale for using an aldosterone antagonist, 
to counteract these effects [74].

The most significant hemodynamic instability, occurring during liver transplan-
tation surgery, may be partially attributed, among other well-recognized factors 
(such as inherently low Systemic Vascular Resistance (SVR), to the manifestation or 
exacerbation of myocardial dysfunction due to preexiting cardiomyopathy.

At the start of the anhepatic stage, the portal cross clamp causes a variable 
(20–30% of baseline) degree of venous return decrease. IVC complete cross-clamp 
oftentimes leads to a more substantial and poorer tolerated (approximately 50%) 
decrease of venous return, whereas IVC partial clamp causes a variable, about 
25–50%, decrease of venous return [75]. This rapid decrease in preload may be tol-
erated poorly by patients with ESLD. These patients have notoriously very limited 
ability, if any, to compensate for the rapid decrease in venous return with systemic 
vasoconstriction, due to inherent low SVR.

The possible solution to compensate, at least temporarily, for the decreased 
venous return (thus drop in cardiac output, which becomes substantially more 
pronounced in patients with both systolic and diastolic dysfunctions) is a venove-
nous bypass (VVB). It has been suggested that hypotension (30% decrease in MAP) 
or a decrease in cardiac index (50%) during a 5-min test period of hepatic vascular 
occlusion can be used to identify the group of patients, who require VVB. Other 
indications to the VVB include the presence of pulmonary hypertension, impaired 
ventricular function from previous myocardial infarction, ischemic heart disease, 
and cardiomyopathy [76, 77].

In patients with pulmonary hypertension (either idiopathic or due to portpul-
monary syndrome), excessive fluid loading to compensate for hypovolemia-related 
hemodynamic instability may result in acute right ventricular dysfunction. Patients 
with preexisting cardiomyopathy, mostly impaired left ventricular function, 
express a limited ability to generate an adequate CO. These patients, too, may 
benefit from the ameliorative effect of the preload, associated with VVB, through-
out the whole of liver transplant surgery, but particularly during anhepatic and 
postreperfusion stages [67].
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In the view of rapid hemodynamic changes, associated with IVC either complete 
or even partial clamps, large amounts of fluids, along with blood products, are 
often needed to be administered. In patients with impaired renal function (ranging 
from acute kidney injury to hepatorenal syndrome and end-stage renal disease, 
intraoperative dialysis is used, mostly for the purposes of renal function complete 
replacement or preservation. Hemodialysis is also very efficient means of intravas-
cular volume regulation, specifically in elimination of fluid overload [78]. These 
properties make hemodialysis and hemofiltration valuable and efficient tools also 
in decreasing a burden on dysfunctional myocardium, particularly in patients with 
substantial diastolic dysfunction due to cardiomyopathy. The target is to achieve 
euvolemia or a zero balance ultrafiltration volume by the use of hemodialysis, which 
becomes especially beneficial after IVC unclamping, the very intraoperative event, 
that causes notoriously substantial right ventricle volume overload, with potential 
to decompensation in cases of advanced cardiomyopathy [79].

Graft reperfusion and postreperfusion syndrome presents the most significant 
challenge for hemodynamic management, especially in patients with severe car-
diomyopathy. Different drug combinations have been tested and recommended 
for rapid hemodynamic recovery after liver graft reperfusion. Vasopressin in 
small boluses, 1–2 U, may be highly efficient in opposing the significant and rapid 
decrease of SVR, and calcium chloride, up to 1000 mg, may enhance inotropic 
effects of epinephrine [67, 80]. Methylene blue, 2 mg/kg, has been reported as very 
efficient and “last resort” drug for prolong and profound hypotension, refractory to 
treatment with other vasoactive drugs [81]. The immediate hemodynamic stabiliza-
tion (on the face of severely compromised myocardial function, in combination 
with rapid decrease in SVR, observed during postreperfusion stage), which all 
these drug combinations provide, should be further maintained with continuous 
infusion administration of vasoactive agents, such as phenylephrine or vasopres-
sin, targeting primarily reduction of systemic vascular resistance. Compromised 
myocardial performance due to preexisting dilated cardiomyopathy and especially 
its worsening after graft reperfusion oftentimes necessitates addition of agents with 
β-adrenergic activities, such as norepinephrine, and, rarely, epinephrine [82, 83].

To better understand the causes and mechanisms of blunted cardiac response to 
stress and inotropic incompetence, investigations on the gene expression pattern of 
the cardiomyocyte adrenergic pathway in animal models of cirrhosis are underway 
[84]. New gene-targeting pharmacological strategies, based on the findings of these 
studies, might be the future direction of the cardiomyopathy treatment, and also, of 
course, a promising new direction of the research.

The normalization of cardiac function after liver transplantation is still a 
likely and attainable goal in majority of cases, provided all treatment modalities 
are employed in full and timely manner, and, above all, the liver transplantation 
procedure is successful.

7. Conclusions

The term “nonischemic cardiomyopathy” represents a spectrum of cardiac 
comorbidities, encountered in the liver transplant recipient at every stage of the pro-
cess, namely, in preoperative period, intraoperatively, and during recovery. Alcoholic 
and cirrhotic cardiomyopathies are the well-known clinical entities. Yet, oftentimes, 
these conditions remain unrecognized and underdiagnosed in clinical setting.

Morphology of nonischemic cardiomyopathy includes various anatomical 
derangements, ranging from right and/or left atrial enlargement/distention to 
severe ventricular dilation and constrictive changes, with correspondent profound 
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physiological effects that include significant diastolic, followed by systolic, 
dysfunction and eventually resulting in the frank heart failure. Rhythm distur-
bances are very common, and serve as an early diagnostic sign of the developing 
cardiomyopathy.

To date, a consensus on causes, physiological mechanisms, and, most impor-
tantly, management and treatment of nonischemic cardiomyopathy is yet to be 
achieved. The existing management and treatment modalities are directed mostly 
on hemodynamic optimization at every stage of the transplantation process, and 
remain extremely complex and challenging intraoperatively, when a clinician faces 
multilevel surgery-related hemodynamic derangements, exacerbated greatly by the 
presence of clinically significant cardiomyopathy.

Decades of experience has shown that at least complete hemodynamic recovery, 
if not a meaningful structural and functional restoration of the myocardium, is an 
achievable goal in liver transplant recipients, and recent studies in this particular 
field have achieved promising results.

Further research on physiology, genetics, and treatment options is warranted, 
and results of multicenter studies, involving large numbers of liver transplant 
recipients, are much needed to be implemented to ensure successful outcome of 
liver transplantation in recipients, suffering from nonischemic cardiomyopathy.
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Abstract

Hepatic encephalopathy (HE) or portosystemic encephalopathy (PSE) is a 
serious neuropsychiatric disorder resulting from liver failure. It is one of the com-
mon complications of liver cirrhosis and portosystemic shunting (PSS). Ammonia 
accumulation is one of the well-established causes. Ammonia is a by-product of the 
intestinal bacteria as a result of the breakdown of dietary supplements. In the nor-
mal state of the liver, the peripheral hepatocyte contains glutaminase that converts 
glutamine into glutamate and ammonia; ammonia will be detoxified and converted 
into urea. The variant manifestations were linked to the severity of HE. A wide 
range of neurological and psychiatric signs have been reported. The International 
Society for Hepatic Encephalopathy and Nitrogen Metabolism (ISHEN) uses 
asterixis (i.e., flapping tremor) as the first clinical sign of HE. Four factors should 
be taken into consideration to classify and distinguish HE from other conditions: 
HE type, severity of manifestations following West-Haven Criteria (WHC), HE 
time course, and presence of precipitating factors. Nonabsorbable disaccharides 
(lactulose and lactitol) and rifaximin have been the standard of care as first- and 
second-line therapies, respectively. Non-pharmacological interventions had a 
crucial role in HE management. Liver transplantation is the ultimate management 
of hepatic cirrhosis.

Keywords: liver cirrhosis complications, hepatic encephalopathy, hepatic stupor, 
hepatic coma, portosystemic encephalopathy, hepato-cerebral encephalopathy, 
hyperammonemia, pharmacotherapy

1. Introduction

Hepatic encephalopathy (HE) or portosystemic encephalopathy (PSE) is a seri-
ous neuropsychiatric disorder resulting from liver failure [1]. It is a state of abnor-
mal neurological manifestations ranging from subclinical alterations to coma. It can 
be classified into three types based on underlying etiology. It is one of the common 
complications of liver cirrhosis and portosystemic shunting (PSS). HE accounts 
for 62% mortality rate among cirrhotic patients over 3 years [2]. A description of 
HE clinical state is as old as the Prognostics and Prosthetics of Hippocrates [3]. 
The association between jaundice and delirium was linked to cirrhosis as early as 
the seventeenth century [3]. In the absence of preexisting disease, acute, severe 
liver failure may cause the brain to swell, with patients becoming comatose and 
losing brain function altogether. Hepatic encephalopathy in patients with chronic 
liver disease is revocable and controllable, but new, acute (fulminant) hepatic 
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encephalopathy with speedily mounting blood ammonia values is harder to control 
due to the diffuse brain edema as well as structural brain-stem injury [4, 5].

Although HE is linked to liver cirrhosis, multifactorial complex pathogenesis is 
involved but not fully understood.

2. Epidemiology

Over a year, 5 to 7% of cirrhotic patients progress from a compensated state 
to decompensated stage [4]. The progression of the disease reduces survival by 
10 years, with life expectancy around 12 years in patients with compensated 
liver cirrhosis that drop to 2 years in decompensated end-stage liver disease [4]. 
Mortality rate among patients in end-stage liver disease was 20% over 1 year. HE 
is one of the definitions of decompensated liver disease [5]. The incidence of overt 
HE ranges from 10 to 14% at the time of diagnosis and increases up to 21% at 
decompensated state and up to 50% in patients post transjugular intrahepatic por-
tosystemic shunt (TIPS). Overall, up to 4% of cirrhotic patients will have HE state 
sometimes during the disease course. Once the patient develops the first episode of 
HE, the risk of recurrence increases up to 40% within a year from the first episode 
[5]. After the first episode of HE, the survival rate at 1 and 3 years was 73% and 
38%, respectively [2].

3. Pathophysiology

The exact pathophysiology of HE has not been entirely understood with multi-
ple mechanisms identified as pathological etiologies of HE. Ammonia accumulation 
is one of the well-described causes [6]. Ammonia is a by-product of the intestinal 
bacteria as a result of the breakdown of dietary supplements. In the normal state of 
the liver, the peripheral hepatocyte contains glutaminase that converts glutamine 
into glutamate and ammonia; ammonia will be detoxified and converted into urea, 
a product that is easily excreted by the kidneys. In case of liver cirrhosis, ammonia 
accumulates and is shifted into the systemic circulation leading to the activation 
of other detoxifying pathways (e.g., skeletal muscle, kidney, and brain). However, 
overtime ammonia will accumulate [6]. Neurotoxins that prevent the transmis-
sion of amino acids and electrolytes across the brain membrane is known [6]. The 
impact of ammonia on the neurons is directly linked to HE manifestations. This is 
one of the most targeted mechanisms for HE treatment. At high levels, ammonia 
will be able to penetrate the blood-brain barrier. Subsequently, glutamine is formed 
when astrocytic glutamine synthetase converts ammonia and glutamate. This in 
turn acts as an osmolyte and increases cerebral volume.

Nevertheless, other pathways have been identified including the gamma-
aminobutyric acid (GABA), neurosteroids, inflammation, oxidative stress, manga-
nese, zinc deficiency, and intestinal microflora [6]. Further research is needed to 
understand the magnitude of these factors in HE prognosis and the possibility of 
targeting those pathways in future therapies.

4. Clinical presentation

The variant manifestations were linked to the severity of HE. A wide range of 
neurological and psychiatric signs have been reported. The International Society for 
Hepatic Encephalopathy and Nitrogen Metabolism (ISHEN) uses asterixis  
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(i.e., flapping tremor) as the first clinical sign of HE [7]. The neurological symp-
toms might be mild to the extent of being undetectable to noticeable behavioral 
changes progressing to coma. HE may affect psychology, memory, visuospatial 
ability, and brain electrophysiology [8]. Hence, a series of manifestations are seen 
including but not limited to apathy, irritability, sleep-wake cycle disturbance, dis-
orientation to time and place, hypertonia, and extrapyramidal dysfunction [9]. It is 
worth mentioning that none of these manifestations is HE pathognomonic finding.

5. Diagnosis and classification

The wide range of clinical manifestations necessitates a consensus diagnostic 
and classification criteria. Four factors should be taken into consideration to classify 
and distinguish HE from other conditions [5]: first, HE type (i.e., Type A resulting 
from acute liver failure, Type B resulting from PSS, and Type C resulting from liver 
cirrhosis); second, severity of manifestations where the most commonly used are 
West-Haven Criteria (WHC) with five grades (Table 1 Minimal to Grade IV) and 
ISHEN criteria with two categories (covert and overt HE); third, HE time course: 
classified into episodic, recurrent (i.e., within 6 months or less), and persistent; and 
fourth, the presence of precipitating factors (e.g., infections, electrolyte disorder, 
gastrointestinal bleeding, transjugular intrahepatic portosystemic shunt). In 
clinical practice settings, WHC is the most useful tool to identify clinical descrip-
tion, but it should be correlated with the case scenario. Multiple neurological and 
psychometric clinical tests (e.g., portosystemic encephalopathy, critical flicker 
frequency, and inhibitory control test) have been developed to early identify mini-
mal and covert HE (MHE and CHE), but it needs expert examiner to appropriately 
interpret results.

Ammonia level alone cannot be used as a sole diagnostic indicator, and it should 
be assessed within the clinical context. However, if the level is normal, the HE 
diagnosis is less likely [5]. Computed tomography (CT) scanning of the head could 
be performed to rule out structural considerations in the differential diagnosis, 
including intracranial hemorrhage. However, for patients with well-documented 
liver disease, it might not be necessary.

6. Management

The principle of HE management involves several steps. Those include airway 
protection (for patients presenting with coma), treat or prevent precipitating 

Grade Criteria

Grade 0 Lack of detectable changes in personality or behavior, no asterixis

Grade 1 Trivial lack of awareness, euphoria or anxiety, shortened attention span, impaired performance 
of addition, and asterixis may present

Grade 2 Lethargy or apathy, minimal disorientation for time or place, inappropriate behavior, subtle 
personality, slurred speech, impaired performance of subtraction

Grade 3 Somnolence to semistupor but responsive to verbal stimuli, confusion, gross disorientation, and 
asterixis is usually absent

Grade 4 Coma (unresponsive to verbal or noxious stimuli)

Table 1. 
West-Haven Criteria (WHC) [2, 5].



Liver Cirrhosis - Debates and Current Challenges

140

factors, analyze and treat other causes of altered mental status (e.g., hyponatremia, 
diabetes, thiamin deficiency, intracranial bleeding), and provide pharmacological 
and non-pharmacological treatments. Different approaches are used to either treat 
or prevent HE.

6.1 Non-pharmacological treatment and prevention

6.1.1 Protein restrictions

Protein restriction is one of the components of managing patients with HE. As 
result, cirrhotic patients have higher prevalence of malnutrition [10]. During 
episodes of overt HE, protein restriction is advised. Once symptoms of HE are 
resolved, protein intake can be resumed: range 1–1.5 g/kg/day coupled with other 
therapies. This should be coupled with maintaining energy intakes at 35–40 kcal/kg 
ideal body weight daily [5].

Protein source may also play a role in management of HE. Vegetable protein 
with higher fiber content may be preferable to animal protein as it decreases colonic 
putrefaction [11, 12]. Animal protein contains high amounts of aromatic amino 
acids; those amino acids can work as substrates to neurotransmitter’s tyramine and 
octopamine, are thought to inhibit dopaminergic neurotransmission, and worsen 
hepatic encephalopathy [11, 12].

6.1.2 Fecal transplant and probiotics

Fecal microbiota transplant was also reported to have beneficial outcomes 
reversing the intestinal microbial dysbiosis [13]. Additionally, probiotics have been 
used as secondary prophylaxis of HE, either as natural probiotics or in a pharma-
ceutical dosage form [14, 15].

6.1.3 Liver transplantation and artificial support system

Non-pharmacological interventions have a crucial role in HE management. Liver 
transplantation is the ultimate management of hepatic cirrhosis [5]. However, the 
complexity and challenges of such approach reduce the feasibility of transplanta-
tion. Other interventions may improve overall liver function, e.g., balloon-occluded 
retrograde transvenous obliteration, taking into consideration the applicability of 
each procedure on case-by-case manner [16]. Nevertheless, artificial liver support 
system was reported to have positive impact on overall liver cirrhosis complications, 
including HE [17, 18].

6.2 Pharmacological treatment and prevention

6.2.1 Non-absorbable disaccharides (lactulose and lactitol)

Lactulose is considered as the first-line therapy and has been in medical use 
since the 1950s. It is a form of synthesized fructose sugar containing galactose 
and lactose, while lactitol is a synthetic alcohol sugar consisting of lactose and 
sorbitol. It has been in the pharmaceutical market since 1987. As non-absorbable 
nutrients, the normal flora degradation of lactulose or lactitol leads to the 
reduction in PH toward acidic media in the colon. It will convert ammonia (NH3) 
into ammonium (NH4) that enhances a shift in NH3 concentration and hence the 
movement from the blood to the intestine. This will reduce the ammonia level 
from dietary and endogenous source (Table 2). Nevertheless, they act as osmotic 
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laxatives that increase water into the intestines and stimulate a bowel move-
ment. Over the years, lactulose and lactitol are used to treat constipation and 
hyperammonemia. A systematic review assessing the impact of non-absorbable 
disaccharides on HE outcomes resulted in the inclusion of 22 randomized clinical 
trials (RCT) evaluating either lactulose or lactitol, neither showing significant 
difference in clinical outcomes including HE improvement and mortality [19]. 
Few years later, another systematic review was conducted. They included 38 RCT 
assessing the effect of either lactulose or lactitol in HE treatment and prevention. 
There was no significant difference between the two agents, but both of them 
had a beneficial effect on HE, including serious liver-related adverse events (e.g., 
variceal bleeding, serious infections, and hepatorenal syndrome), HE recurrence, 
and overall mortality [20]. The continuation on non-absorbable disaccharides 
beyond the treatment period had a positive impact on HE recurrence [21, 22]. 
Generally, both lactulose and lactitol have preferable safety profile and low 
burden from cost perspectives. However, non-favorable effects such as hyper-
natremia, hypokalemia, and gastrointestinal side effects have been reported. 
In lactose-intolerant patients, such side effects might be more pronounced. 
Polyethylene glycol (PEG) is a promising alternative, but further studies are 
needed to have robustness positive outcomes of PEG in HE management [23]. For 
all osmotic laxatives used in HE, two to four bowel motions per day as targeted 
outcome of therapy used to adjust doses and avoid side effects. Initial dose of 
25 mL lactulose given orally every 1–2 hours until the patient has two bowel 
motions or loose stool can be adjusted accordingly [5]. Continuation on therapy 
reduces the risk of recurrent HE episode as long as the risk of lactulose overuse 
is monitored (e.g., dehydration, hypernatremia, severe perianal skin irritation, 
and even precipitating HE) [5]. No difference between oral and rectal as route 
of administration, however, based on the clinical context, one of them might be 
preferable over the other (e.g., comatose patient) [24].

6.2.2 Antibiotics

Antibiotics’ role in HE management fills within the inhibition of ammonia-
producing colonic bacteria. Rifaximin is a poorly absorbed bactericidal antibiotic 
(rifamycins). It is available in the market since 2004, and the Food and Drug 
Administration (FDA) approval for patients with liver disease was obtained in 
2010. Rifaximin has a wide-spectrum antibacterial activity including anaerobic 
species. Local action of rifaximin inhibits the bacteria protein synthesis via binding 
to RpoB inhibiting the function of DNA-dependent RNA polymerase. At dose of 
550 mg PO twice daily, it was effective in HE treatment and prevention of recurrent 
episode. However, it was used as add-on therapy where majority of participants 

Therapeutic agents* Mechanism of action Role in 
therapy

Nonabsorbable 
disaccharides (lactulose 
and lactitol)

Normal flora degradation of lactulose or lactitol leads to the reduction 
in PH toward acidic media in the colon. It will convert ammonia (NH3) 
into ammonium (NH4) that enhances a shift in NH3 concentration and 
hence the movement from the blood to the intestine

First-line 
therapy

Rifaximin Local action of rifaximin inhibits the bacteria protein synthesis via 
binding to RpoB inhibiting the function of DNA-dependent RNA 
polymerase

Add-on 
therapy

*Other therapies do not have a clear role in treatment and can be considered on a case-by-case basis.

Table 2. 
Recommended pharmacological treatment [5].
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were using lactulose [25, 26] (Table 2). Different antibiotics have been used in 
HE management including neomycin, metronidazole, and vancomycin [27]. 
Neomycin is an aminoglycoside with controversy outcomes regarding its efficacy in 
HE. Antibacterial activity and glutaminase inhibition are the proposed mechanisms 
of neomycin effect in HE [27]. In attempt to find safer, effective, and more tolerable 
alternative, both metronidazole and vancomycin have been studied. Oral metroni-
dazole is used with success, yet peripheral neuropathy may occur with long-term 
therapy. Limited studies were conducted in patients with poor response to lactulose 
monotherapy and showed improved response [27]. Although the FDA approved 
it, taking into consideration the safety profile of those agents (e.g., ototoxicity and 
neurotoxicity) and the risk of resistance development favors rifaximin over other 
antibiotics, although peripheral edema, central nervous system (CNS) side effects, 
and gastrointestinal intolerance have been reported with rifaximin. Published data 
on rifaximin cost-effectiveness showed that rifaximin alone was not cost-effective. 
Hence, it is not recommended as first-line therapy. However, in patients who are not 
responding to lactulose/lactitol, the addition of rifaximin may reduce hospitaliza-
tion and prevent recurrence [28–30]. The availability of a generic rifaximin may 
change the cost-effectiveness outcomes.

6.2.3 L-ornithine-L-aspartate (LOLA)

The efficacy of intravenous L-ornithine L-aspartate (LOLA) as monotherapy in 
MHE was assessed in a RCT; it showed improved ammonia level and mental states 
[31]. In a meta-analysis of eight randomized trials with 646 patients in total, LOLA 
had a significant effect on improvement of hepatic encephalopathy total (RR, 1.49; 
95% confidence interval [CI], 1.10 to 2.01) and overt HE (RR, 1.33; 95% CI, 1.04 to 
1.69) [32]. LOLA has not been compared directly to active treatment  
(e.g., lactulose).

6.2.4 Glycerol phenylbutyrate (GPB)

Metabolic ammonia scavengers (e.g., benzoate, phenyl acetate, and glyceryl 
phenylbutyrate) have been used in genetic disorders involving urea cycle. Such 
disorders result in hyperammonemia, and such therapeutic agents may exert a 
possible treatment option [33]. In a randomized, double-blind, placebo-con-
trolled phase II trial enrolling 178 patients with cirrhosis (including patients who 
were on lactulose ± rifaximin), GPB, dosed at 6 mL orally twice daily, signifi-
cantly reduced the proportion of patients who experienced an HE event (21% 
versus 36%; P = 0.02), time to first event (hazard ratio [HR] = 0.56; P < 0.05), 
as well as total events (35 versus 57; P = 0.04) and was associated with fewer HE 
hospitalizations (13 versus 25; P = 0.06) [33]. Further trails are still required to 
validate the results. Moreover, the current cost of the drug may still be a barrier to 
its use at a larger scale.

6.2.5 Branched-chain amino acids (BCAA)

Branched-chain amino acids (BCAA) classified into proteinogenic (i.e., leucine, 
isoleucine, and valine) and non-proteinogenic (i.e., 2-aminoisobutyric acid) are 
essential amino acids. In limited clinical trials, BCAA had a beneficial impact on HE 
outcomes in addition to standard therapy. However, this positive effect was limited 
to oral dosage forms but not the intravenous formulation. BCAA had no impact on 
mortality, quality of life, or nutritional parameters; additional trials to evaluate 
such outcomes are needed [34–36].
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6.2.6 Zinc supplementation

Zinc deficiency is common in cirrhotic patients. In case of documented defi-
ciency, oral zinc supplementation can improve performance, but it did not affect 
the risk of recurrence [37]. Hyperammonemia could improve with zinc administra-
tion as it increases the activity of ornithine transcarbamylase, an enzyme in the 
urea cycle. Afterward, the increase in ureagenesis leads to the loss of ammonia ions. 
Further studies are needed to understand the possible role of micronutrient supple-
mentation on long-term HE outcomes.

6.2.7 Flumazenil

Flumazenil is an antidote to reverse benzodiazepine toxicity by competitively 
binding to the benzodiazepine receptor site. Symptoms of benzodiazepine toxicity 
may overlap with HE (e.g., confusion, anxiety, and unresponsiveness). Flumazenil 
can be used as a diagnostic aid to differentiate between the two conditions [5].

6.2.8 Other therapies

Other therapies have not been assessed extensively in HE management (e.g., 
albumin and glutaminase inhibitors). Such alternatives had promising outcomes 
encouraging further research in this area. Albumin intravenous administration did 
not impact HE directly but improved survival post-discharge [38]. Glutaminase 
inhibition is a promising target of drug therapy in HE management. It could be a 
new era of research that may change HE management principle but nothing solid 
yet [39].

L-Carnitine was found to improve HE symptoms in several small studies of 
patients with cirrhosis. The exact mechanism remains unclear. One of the proposed 
mechanisms is that it may work by improving blood ammonia levels or centrally 
perhaps by decreasing brain ammonia uptake [40].

Dopamine agonists (e.g., levodopa or bromocriptine) are shown to result in 
improvement in clinical and electroencephalographic findings in anecdotal reports 
and small studies. If these results are confirmed at larger studies, it may lead to 
clinical recommendations.

7. Conclusion

HE is a reversible clinical syndrome with a wide range of manifestations, which 
will negatively impact patient quality of life if mismanaged. Different management 
approaches have been developed. The most appropriate treatment should be applied 
on case-by-case fashion.
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Abstract

Liver transplantation is the therapy of choice for patients with end-stage 
liver disease. However, a shortage of donor organs remains a major obstacle to 
the widespread application of liver transplantation. To overcome this problem, 
transplant centers have developed strategies to expand the organ donor pool, 
including the routine use of sub-optimal donor livers. However, these have an 
increased risk of initial poor function or primary non-function that may cause 
greater risk of morbidity in the recipient. This chapter aims to describe the 
pathophysiological changes that may occur in sub-optimal donor livers, focusing 
on viral infections, since, after transplantation, infection of the graft is almost 
universal and can lead to chronic hepatitis, cirrhosis, and graft failure. The dif-
ferent experimental models as well as the clinical outcomes of the transplantation 
of sub-optimal donor livers with viral infections will be discussed. Such informa-
tion may be useful to guide the design of better experimental models than those 
described to date as well as the effective use of sub-optimal livers with successful 
clinical application.

Keywords: liver transplantation, fibrosis, HCV, HBC, treatment

1. Introduction

End-stage liver disease is associated with high morbidity and mortality, and the 
only cure is orthotopic liver transplantation (LT). The number of people awaiting 
LT continues to increase [1] and exceeds the number of available grafts. Between 
20 and 30% of patients waiting for LT will die on the waiting list or are delisted 
because of disease progression [2]. The large imbalance between the growing pool 
of potential LT recipients and the scarcity of donor organs has led to efforts to 
maximize the number of existing donors and identify possible new donors based 
on the use of liver grafts that are currently considered unsuitable for transplant due 
to their pathological condition [3]. To expand the potential donor pool, the clinical 
and scientific community is continually modifying the criteria for an acceptable 
liver donor and is turning to marginal or extended-criteria donors to meet waiting 
list demands [4]. Thus organs infected with hepatitis B (HBV) or C virus (HCV) 
are increasingly being used [5], although the risk to recipients of using such grafts 
remains unclear [6].



Liver Cirrhosis - Debates and Current Challenges

152

Over 2 billion people across the world have serological evidence of present or 
past infection with HBV and more than 350 million individuals are estimated to be 
chronically infected [7]. It is estimated that 2–15% of liver donors are anti-hepatitis 
B core antigen (anti-HBc) positive. The proportion of positive anti-HBc livers in 
donors aged 60 years or over may rise to as much as 25% [8, 9]. Acquisition of HBV 
remains a concern after LT because the majority of infections occur via transmis-
sion by the donor liver [10], but some donors with past exposure to HBV infection 
can be used selectively in some recipients [3].

HCV is the most common indication for LT, and at current it accounts for 40–50% 
of individuals on waiting lists [11–13]. About 5% of all potential organ donors 
are positive for HCV [14]. To date, one of the most controversial issues regard-
ing extended-criteria donors has revolved around the potential positive impact of 
HCV-infected donors on short-term outcomes [15]. In Europe, the prevalence of 
anti-HBc-positive grafts reaches as much as 10% in some regions [5, 9, 16]. A multi-
variate analysis of the United Network for Organ Sharing database revealed that the 
use of anti-HBc-positive grafts is not an independent determinant of graft or patient 
survival [17]. There is a trend towards increasing the use of HCV-positive donors [18].  
One-year patient survival rates of 97% have been reported in recipients of HCV-
infected livers compared with rates of 87% for recipients of organs meeting the 
United Network for Organ Sharing-approved criteria, with no differences in surgical 
conditions including warm and cold ischemia times between the two groups [19].

A significant number of organ donors have viral infections and the effect of 
using such organs is an important and timely question. In this chapter we describe 
the pathophysiological changes in sub-optimal donor livers with viral infections. 
In addition, post-operative outcomes after LT using sub-optimal donor livers with 
viral infections will be discussed. Therefore, I/R injury, hepatic inflammation and 
the different treatments used in recipients of donor livers with viral infections will 
be reviewed. Finally, we give details of the different experimental models of LT 
with viral infections. All of this may be useful to guide the design of appropriate 
experimental models of LT that resemble clinical conditions as much as possible, 
together with addressing the effective use of sub-optimal livers for transplant and 
the development of new protective strategies in the clinical setting of LT.

2. Sub-optimal donor and fibrosis progression

Many studies have reported the transmission of HBV from liver allografts of 
hepatitis B surface antigen (HBsAg)-negative, anti-HBc-positive donors [10, 20–28]. 
HBV within hepatocytes and passenger leukocytes in the anti-HBc allograft can be 
the source of infection in the HBsAg recipient [29]. It has been shown that employ-
ing liver grafts from these donors can transmit HBV infections to HBsAg-negative 
recipients and result in de novo hepatitis B at rates that are estimated to vary from 33 
to 78% after LT in the absence of antiviral prophylaxis [8, 10, 21]. Similarly, there are 
many reports of the presence of occult HBV infection in HBsAg/anti-HBc donors. 
Meanwhile, detectable quantities of HBV DNA have been found to be present in only 
5–10% of anti-HBc immunocompetent patients, irrespective of their anti-HBs status 
[30]. The replication capacity of HBV in the anti-HBc liver allograft is significantly 
increased after LT when recipients are administered high-dose steroids [29]. Several 
molecular mechanisms have been proposed to explain increased HBV replication 
in these patients: (1) a glucocorticoid-responsive element in the HBV genome and 
stimulation of HBV-dependent transcription by glucocorticoids [31]; (2) immuno-
suppression after LT suppresses virus-specific immune responses whereby after LT 
wild-type HBV is more frequently re-selected and this can result in better replication 
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fitness of the virus; (3) mutations selected in the HBV preS region result in a cyto-
toxic HBV strain, which is associated with cholestatic hepatitis [32–34]. HBV infec-
tion leads to graft damage in most cases [8]. It has been speculated that a liver that 
already hosts occult HBV infection, as is the case in the majority of HBcAb-positive 
donors [35], is particularly liable to suffer rapidly progressive damage when infected 
by HCV when it encounters immunosuppression for LT [36]. Some studies found 
that the survival of recipients of anti-HBc livers was significantly reduced 4 years 
after LT compared with recipients of anti-HBc-negative livers [8, 10]. With a post-
LT follow-up of 2–4 years, a minority of transplant recipients developed fibrosing 
cholestatic hepatitis or cirrhosis leading to allograft failure [37].

Recurrence rates of hepatitis C, manifested by mild chronic hepatitis, fibrosis 
or cirrhosis, have been reported to be 54.55% in HCV-positive donor grafts when 
compared with 41.74% in HCV-negative grafts [38]. Marroquin [39] showed that 
patient survival at 2 years was significantly higher in HCV-positive recipients of 
HCV-positive grafts than in HCV-positive recipients of HCV-negative grafts (90 vs. 
70%). In contrast, other studies indicated that in patients with HCV-related liver 
disease, there was no significant difference in survival between patients who received 
an HCV-negative graft and those who received an HCV-negative graft [40]. Khapra 
et al. [41] suggested that patients receiving HCV-positive donor organs develop more 
fibrosis over time than those receiving HCV-negative grafts. Wang et al. [42] reported 
that recipients show progression in liver inflammation grade or fibrosis stage regard-
less of the HCV status of the donors, although a higher stage of liver inflammation 
and fibrosis was found in HCV-positive graft recipients at follow-up. Although 
histological injury in the allograft owing to HCV is exceedingly common, progression 
of HCV is variable: some individuals experience indolent disease, whereas others 
progress rapidly to cirrhosis and liver failure [43]. Recently, donor age has been 
recognized to play an important role after LT with HCV-positive grafts. Khapra et al. 
[41] reported that HCV-positive grafts aged ≥50 years showed higher rates of graft 
failure and death among HCV-positive recipients compared to HCV-negative grafts 
from donors of the same ages. In addition, HCV-positive grafts from advanced-age 
donors showed more advanced fibrosis than those from younger donors [44].

3. I/R injury and organ dysfunction

Ischemia-reperfusion (I/R) injury, a phenomenon in which cellular damage in a 
hypoxic organ is accentuated following the restoration of oxygen delivery [45–47], is a 
multifactorial process associated with organ dysfunction of liver failure after LT. Early 
graft dysfunction affects up to 22% of liver allografts, with up to 6% of patients devel-
oping primary graft non-function and requiring retransplantation [48]. The associa-
tion of I/R injury with the severity of HCV has been reported by several authors but 
with conflicting results, since I/R may or may not influence virus recurrence [49]. 
Although I/R injury is the underlying cause of graft dysfunction in marginal organs 
[4], it remains an unexplored issue in HBV and HCV grafts from donors.

The process of organ harvesting, cold storage and reperfusion is itself damag-
ing, causing significant oxidative injury that can result in primary nonfunction or 
increase immunogenicity, prejudicing long-term graft survival [50, 51]. The duration 
of ischemic rewarming during implantation surgery is a risk factor for the severity 
of recurrent HCV disease after LT. In patients with hepatitis submitted to LT, the cal-
culated risk for recurrent HCV disease post-LT is 19% if the ischemic time is 30 min 
versus 65% if this time extends to 90 min [52]. Rewarming ischemic injury appears to 
cause severe injury that enhances reinfection of the allograft with HCV after reperfu-
sion, eventually leading to hepatic fibrosis and cirrhosis in some patients. Conversely, 
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it has also been reported that cold ischemia time was not a significant risk factor for 
recurrent HCV infection after LT [53]. Indeed, the authors indicated that rewarming 
duration during implantation of <10 min was associated with minimal recurrence, 
whereas a duration of >70 min was associated with moderate to severe recurrent 
hepatitis. This finding was supported by Velidedeoglu et al. [54] in a United Network 
for Organ Sharing database study that showed that a warm ischemia time of >90 min 
was associated with decreased graft survival in HCV-positive individuals [53].

The ischemia-reperfusion procedure itself causes apoptosis, so-called pro-
grammed cell death, in the first stages after LT [55], and it can be exacerbated 
by immunosuppressive drugs used in LT [56]. Balliardini et al. [56] mentioned 
that both hepatocellular apoptosis and cell proliferation are correlated with HCV 
infection. Sung et al. [57] suggested that HCV may also stimulate cell growth to 
counter the apoptosis and thus complete the replication cycle of HCV and produce 
infectious viral particles. Because the primary target cell for HCV replication in vivo 
is thought to be the hepatocyte, events that lead to hepatocyte proliferation may 
enhance HCV replication. Alternatively, HCV core proteins have been shown to 
interact with cellular promoters and regulators of cell growth, which may affect 
liver regeneration [58]. All these data suggest that liver regeneration associated 
with the processes associated with living related LT might affect HCV recurrence. 
Similarly, I/R injury associated with LT from brain dead donors is associated with 
apoptosis, whereas HCV is able to counteract apoptosis to increase hepatocyte 
proliferation. Further studies will be required to elucidate the effect of I/R on HCV 
recurrence as well as the effects of HCV on hepatic I/R injury associated with LT.

4. Hepatic donor inflammation in response to viral infection

The relationship between hepatocellular injury, hepatic regeneration, viral 
replicative activity, HCV antigen expression, and the pathologic host response 
remains unproven. Increased allograft damage is related to enhanced levels of 
known immune modulators, including interleukines 6 and 10. These cytokines 
are released in the milieu of injured or proliferating cells and it is known that they 
participate in the pathogenesis of HCV via increased viral activity, exaggerated 
host response, or both [59, 60]. Recurrent HCV is characterized by hepatocellular 
damage, infiltration of inflammatory cells into the liver, and tissue remodeling that 
ultimately results in progressive fibrosis and cirrhosis. Infiltrating inflammatory 
cells at the sites of liver injury secrete chemokines that stimulate hepatic stellate 
cells, these in turn proliferate and produce extracellular matrix proteins. These 
stellate cells are key players in recurrent HCV and can be activated by a number of 
stimuli in the liver transplant setting: production of ROS, secretion of cytokines 
by immune cells (acute rejection, CMV infection), hyperglycemia, and chronic 
cholestasis (biliary complications). The combination of a variety of factors explains 
the accelerated progression of fibrosis in HCV-infected liver transplant recipients 
[61]. Meanwhile, it should also be considered that the factors mentioned above are 
all generated as a consequence of hepatic I/R. Thus, it can be hypothesized that the 
mechanisms involved in hepatic I/R may exacerbate the negative post-operative 
outcomes induced by virus infection.

The mechanism by which the identified factors exert their undesirable effect 
on HCV recurrence presumably involves host-viral interactions. Since HCV is not 
directly cytopathic, HCV damage must be mediated by the host immune response. 
Both CD4- and CD8-positive T-cells participate in the recognition of HCV peptide 
displayed by infected hepatocytes [62]. In studies using an animal model of acute 
hepadnavirus infection, using woodchuck HBV, Guo et al. [63] found that viral 
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clearance occurred following the appearance of CD4 and CD8 T-cells as well as 
the production of interferon gamma and tumor necrosis factor alpha within the 
infected liver. This was accompanied by a significant increase in apoptosis and 
regeneration of hepatocytes. HCV infection initiates a specific host response that is 
ineffective at clearing virus and results in hepatic cellular damage in a nonspecific 
fashion [53, 64]. The recurrence of HCV is accelerated after LT as a result of high 
viral loads and an exaggeration of this host response, which occurs even in the pres-
ence of exogenous immunosuppression. The alloimmune response and I/R injury 
may also contribute [53, 65]. Despite the limited information on inflammation and 
post-transplant viral recurrence, there is a need for a greater understanding of the 
relationship between the virus and inflammatory processes associated with either 
I/R or virus infection by itself. This can progress to irreversible liver damage, and 
is also a relevant issue for the livers of donors infected by virus (HBV and HCV), 
which are usually in a constant inflammatory state.

5. Viral kinetics and target treatment

Despite being widely described in the literature, viral kinetics before, during 
and after LT using donor grafts with viral hepatitis has never been analyzed. The 
subject has only been considered in healthy livers transplanted into recipients with 
hepatitis. Thus investigations have mainly focused on the life cycle of the viruses 
and the recurrence of hepatitis.

Donor Therapy in recipients Effect

Before LT After LT

Anti-HBc(+) 
donors [76]

Vaccination with 
recombinant 
hepatitis B

Lamivudine Prevention of de novo HBV 
infection.

Anti-HBc(+) 
donors [77]

None HBV immune globulin 
plus
Lamivudine

Infection successfully 
managed
Survival 100%

Anti-HBc(+) 
donors [29]

HBV immune 
globulin

Lamivudine Prevention of recurrent or de 
novo infection

Anti-HBc(+) 
donors [78]

None HBV immune globulin 
plus
Lamivudine

Prevention of HBV 
transmission

Anti-HBc(+) 
donors [79]

Lamivudine or 
lamivudine plus 
adefovir

Lamivudine Prevention of infection 
development.

Anti-HBc(+) 
donors [80]

HBV immune 
globulin

HBV immune globulin 
plus
Lamivudine

Prevention of recurrent 
infection

Anti-HBc(+) 
donors [81]

HBV immune 
globulin

HBV immune 
globulin vaccination 
(recombinant)

Minimize the possibility of 
HBV recurrence

Anti-HBc(+) 
donors [82]

HBV immune 
globulin

HBV immune globulin 
plus
Lamivudine

De novo HBV reactivation 
during HBV immune globulin 
prophylaxis
Lamivudine resulted in virus 
clearance

Anti-HBc(+) 
donors [83]

HBV immune 
globulin

HBV immune globulin 
plus
Lamivudine

Prevention of HBV recurrence
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Donor Therapy in recipients Effect

Before LT After LT

Anti-HBc(+) 
donors [84]

HBV immune 
globulin

HBV immune globulin HBsAg levels became positive

HBV immune globulin 
plus Lamivudine

HBsAg-positive

HBV immune globulin 
plus lamivudine plus 
famciclovir

HBsAg-positive

Lamivudine plus 
interferon alpha

Serum HBV DNA decreased, 
but remained positive

Lamivudine plus 
adefovir

Hepatitis B e antigen status 
converted to seronegative

HCV-positive 
[85]

None DAA therapy Increases in life expectancy

HCV-positive 
[86]

None DAA therapy Prevention of HBV recurrence

HCV-positive 
[87]

None Ledipasvir and 
sofosbuvir

Prevention of HCV recurrence

LT, liver transplantation; DAA, direct-acting antivirals; HBV, hepatitis B virus; HCV, hepatitis C virus; HBc, 
hepatitis B core antigen (anti-HBc); HBsAg, hepatitis B surface antigen.

Table 1. 
Pharmacological strategies used in patient after or before the transplantation.

In patients with hepatitis undergoing LT, HCV viral load decreases during the 
anhepatic phase and after graft reperfusion because of a lack of virus production, 
blood loss, and hepatic viral clearance. Despite the decline in viral load, hepatitis C 
virions continue to circulate and rapidly infect the new graft. HCV replication in the 
liver graft begins within a few hours after LT in most patients [66], and viral load 
increases as early as 12 h after graft reperfusion. The rapid increase in HCV viral load 
indicates that viral replication is highly efficient after LT and proves the high capacity 
of HCV to adapt to a completely new environment. However, HCV kinetics did not 
follow the same pattern in all patients. Differences in the immunosuppressive regi-
men appeared to influence HCV kinetics immediately after LT [66]. In fact, HCV-
RNA concentrations increased rapidly in patients receiving corticosteroids as part 
of their immunosuppressive therapy [67–69], whereas they continued to decrease 
in most patients who were not receiving corticosteroids. Although this observation 
requires confirmation in further studies, it is possible that some immunosuppressive 
regimens might be more appropriate in the case of early antiviral therapy to eradicate 
HCV [66]. Powers et al. [70] estimated that viral resurgence begins when much less 
than 1% of the engrafted liver’s hepatocytes are infected, suggesting that antiviral 
therapy should begin soon after, or before, LT in order to prevent or delay reinfection.

Table 1 summarizes the pharmacological strategies used in patients before and 
after LT.

6. Experimental models

To the best of our knowledge, most of the current experimental models of hepa-
titis do not focus on LT. The only two experimental studies involving hepatitis and 
LT were by Dahmen et al. [71, 72], and both report severe hepatitis virus reinfection 
after woodchuck LT (Table 2). However, both studies focused on vaccines and not 
on the effects of I/R on viral infections after LT.
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7. Conclusion

A shortage of donor organs remains a major obstacle to the widespread applica-
tion of LT in patients with end-stage liver disease [73, 74]. This shortage could be 
alleviated by routine use of sub-optimal donor livers including those from donors 
with viral infections, although infection of the graft is almost universal and can lead 
to chronic hepatitis, cirrhosis, and graft failure. As stated in this chapter, studies 
on LT using sub-optimal donor grafts with viral infections have mainly focused 
on survival and the recurrence rates of hepatitis. In addition, although I/R injury 
is the underlying cause of graft dysfunction in sub-optimal donor livers with viral 
infections [4], it remains an unexplored issue in recipients transplanted with HBV 
and HCV grafts. It should be considered that the mechanisms involved in hepatic 
I/R depend on the conditions used during surgery, such as the period of ischemia 
(ranging from minutes to days) and the subclinical condition of the graft (healthy, 
sub-optimal, aged, etc.). However, clinical studies that focus on the pathological 
effects of I/R were only performed in recipients with viral infections from healthy 
liver grafts. In our view, multicenter clinical studies and experimental studies of LT 
using grafts with viral infections are needed to identify the inflammation associated 
with I/R and that induced by virus infection. The clinical application of strategies 
designed to increase the use of sub-optimal liver grafts with virus infection will 
depend on the use of experimental models of LT using donors with viral infec-
tions that resemble clinical conditions as much as possible [75]. We recognize that 
this may be difficult; however, multidisciplinary research groups should devote 
additional efforts to better understand the pathophysiology of LT using donors 
with viral infections to ultimately develop effective therapeutic strategies aimed at 
improving graft viability and at significantly increasing the organ donor pool.
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