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Preface

The liver is the major organ in which our body's metabolic activities are carried out. 
Food is digested in the gastrointestinal tract and absorbed by the small intestines. 
These absorbed foods come to the liver through the venous circulation of the small 
intestines. The liver takes these foods through the portal vein and transforms them
into a shape that the body can use, and delivers them to the vena cava and from
there to the systemic circulation via hepatic veins. This circulation between the
intestines and the liver is called Hepatic Portal Circulation. 

The vena porta is the main venous structure that brings blood flow from the intes-
tines to the liver. The vena porta is formed by the union of three venous structures. 
These structures are splenic vein, vena mesenterica superior, and vena mesenterica
inferior.

This portal circulation is an important way to carry the absorbed foods to the liver, 
as well as for infections and cancer to metastasize by the venous spread. In appen-
dicitis, the infection reaches the liver, causing pylephlebitis. In bowel cancer, cancer
cells entering the mesenterica inferior vein or mesenterica superior vein go towards
the liver due to portal venous flow, therefore the place where colon cancer most
metastasizes is the liver. When these metastatic masses reach a certain size, they
enter the venous circulation of the liver, from here to the vena cava and from there
to the right ventricle. The blood entering the right ventricle goes from here to the
lungs via the pulmonary artery. Cancer cells are retained in the lung microcircula-
tion and metastatic masses form in the lung.

Metabolic events in the liver increase the temperature of the liver. The liver is a
warmer organ than normal body temperature. The heat that occurs as a result of
metabolic events is distributed throughout the body due to blood circulation.

Some organs in our body are double and some organs are single. For example, there
are two kidneys in the body. The liver is a single. An amazing feature of the liver
is that each tissue part of the liver performs the same function. In other words, if
a part of the liver is removed, the other parts of the liver do the same job, so there
will be no significant change in function. In order for the remaining liver to func-
tion properly after liver resection, the remaining liver (FLR) must be of sufficient
volume.

There are many diseases of the liver. Metabolic diseases, neoplastic diseases, 
hepatopathy due to cardiac pathologies, infective diseases such as Hepatitis E, cir-
rhosis, etc. are present. These diseases can lead to impaired liver function and cause
metabolic complications in the human body.

Neoplastic diseases can be benign or malignant. Malignant diseases can be primary
or secondary. The most common secondary malignant neoplastic disease is meta-
static cancer caused by colorectal cancer. Diagnosis can be made by radiological 
imaging. These methods include computerised tomography and MRI. A percutane-
ous liver biopsy may be required for diagnosis. Surgical metastasectomy or regular

XII
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resection can be performed in the treatment. Interventional radiological procedures 
are another option used in the treatment of liver tumors. Chemotherapy has an 
important place in the treatment of liver tumors.

Various diseases of the liver that require surgical and medical treatment are exam-
ined in our book. Our authors wrote their subjects by combining their knowledge 
with their experiences.

Have a pleasant reading experience.

Omer Engin
Izmir Tepecik Eğitim ve Araştırma Hastanesi,

Turkey 

Vijay Gayam
Interfaith Medical Center,
United States of America
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Chapter 1

Diagnosis and Treatment of 
Hepatoblastoma: An Update
Chengzhan Zhu, Bingzi Dong, Xin Chen and Qian Dong

Abstract

Hepatoblastoma is a rare but the most common solid tumor in children. The 
incidence is gradually increasing. The international collaboration among four 
centers in the world has greatly improved the prognosis of hepatoblastoma. They 
formed the Children’s Hepatic Tumor International Collaboration (CHIC) to stan-
dardize the staging system (2017 PRETEXT system) and the risk factors for tumor 
stratification. Multimodal therapy has become the standard for the management of 
hepatoblastoma, including surgical resection, liver transplantation, chemotherapy, 
and so on. Surgery is the primary treatment of early stage hepatoblastoma. Three-
dimensional reconstruction is helpful for preoperative evaluation of large tumors, 
assisting extended hepatectomy for patients in PRETEXT III or IV. Neoadjuvant 
therapy is useful for reducing the tumor volume and increasing the resectability. 
Primary liver transplantation is recommended for advanced hepatoblastoma. The 
lungs are the most common metastatic organ, the treatment of which is critical for 
the patient’s long-term survival. We reviewed the recent progress in the diagnosis 
and treatment of hepatoblastoma.

Keywords: hepatoblastoma, PRETEXT, stratification, neoadjuvant, surgical 
resection, liver transplantation

1. Introduction

Hepatoblastoma is the third most commonly diagnosed intra-abdominal solid 
tumor [1]. It is also the most common primary hepatic malignancy in children [2]. 
More than 90% of hepatoblastoma occur in children under the age of 5 years [3, 4]. 
Although its absolute incidence is very low, its growth rate is gradually increasing, 
which increased from 1.89 per 1,000,000 in 2000 to 2.16 per 1,000,000 in 2015, 
with an annual percentage change of 2.2%. This increase mainly occurs in male chil-
dren between 2 and 4 years of age, which was found to be an independent predictor 
for short overall survival [5]. With the development of multimodal treatment and 
cooperation between international organizations, the prognoses have been greatly 
improved in recent years [6].

2. Diagnosis

Clinical manifestations are not typical at the early stage of hepatoblastoma. 
There would be epigastric or total abdominal distention, nausea, vomit, loss of 
appetite, abdominal pain, diarrhea, jaundice, even varicosity of abdominal wall, 

XIV
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and dyspnea. Another clinical feature is often accompanied by fever, and the 
temperature can reach 39–40°C. About 3% of patients have sex hormone and sexual 
organ development abnormalities. And a few children have obvious osteoporosis 
and pathological fracture.

Physical examination could find diffuse or nodular enlargement of the liver, 
of which the volume varies, sometimes with splenomegaly and varicosity of the 
abdominal wall. Abdominal pain and abdominal muscle tension may be due 
to tumor rupture. In the late stage, the hepatoblastoma progresses rapidly and 
cachexia appeared soon.

Alpha fetoprotein (AFP) increases in more than 90% of patients, which is a 
specific indicator for hepatoblastoma and important for disease follow-up. Age 
should be considered when analyzing the clinical significance of AFP. The average 
AFP of the newborn is about 62.7ng/ml, and it reaches the peak in the first month 
after birth, the average AFP is about 1200 ng/ml. After three months, it decreases 
to 3.15ng/ml (the level of normal adult). In addition, the LDH, cholesterol, and 
alkaline phosphatase are also increased. The liver function is normal at early stage, 
middle, and late stage.

Imaging is necessary for diagnosis and preoperative evaluation, including tumor 
location, number, and the relationship with peripheral blood vessels and organs. 
The commonly used examination includes ultrasound, CT, MRI, angiography, etc.

Enhanced CT and MRI are important imaging studies, which are recommended. 
However, due to the difficulty of MRI examination for children, we usually choose 
enhance CT and reconstruct the images into three-dimensional images to under-
stand the spatial structure of the tumor and the anatomical relationship with the 
blood vessels.

Additionally, the deep exploration of CT/MRI images is also important for the 
overall evaluation of hepatoblastoma. Identifying the CT/MRI image features of 
hepatoblastoma will help distinguish the more malignant tumor, which is poten-
tially useful for guiding the clinical treatment. A study of 34 patients, aimed at 
studying contrast-enhanced CT characteristics of hepatoblastoma associated with 
metastatic disease and patient outcomes, found that irregular tumor margins, 
vascular invasion, capsule retraction, and PRETEXT staging are associated with 
poor patient prognosis. Among them, irregular tumor margins are the only imaging 
features that are significantly associated with more aggressive tumor subtypes [7]. 
For investigating the image characteristics, artificial intelligence has demonstrated 
remarkable progress in image recognition tasks. Radiomics is used to investigate 
the quantitative features that are invisible to the naked eye from conventional 
image with methods of artificial intelligence. The image features could be used to 
predict the pathology characteristics, therapeutic response, and survival. Previous 
studies have evaluated the value of radiomics in adult liver cancer. The results were 
achieved, particularly in the preoperative prediction of pathological features and 
postoperative recurrence [8, 9].

3. International collaboration

3.1 The children’s hepatic tumor international collaboration (CHIC)

The four centers in the world that have performed prospective controlled studies 
of hepatoblastoma joined forces to form the CHIC. It includes the International 
Childhood Liver Tumor Strategy Group (SIOPEL), the Children’s Oncology Group 
(COG), the German Society for Pediatric Oncology and Hematology (GPOH), and 
the Japanese Study Group for Pediatric Liver Tumors (JPLT). Such international 
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cooperation provides a large-scale database for clinical trials. The CHIC has devel-
oped a centralized online platform that combines data from eight completed clinical 
trials to form a database of 1605 hepatoblastoma cases treated between 1988 and 
2008. The resulting data set has been used for investigating the relationship between 
the patient prognosis and the tumor characteristics and patient stratification for 
treatment selection and follow-up. And the collaboration has led to a uniform imple-
mentation of staging system (PRE-Treatment EXTent of tumor, PRETEXT), which 
is helpful for systemically evaluating the hepatoblastoma at diagnosis and useful 
for establishing consensus classification. Moreover, pathologists in the collabora-
tion have established a new histopathological consensus classification for pediatric 
liver tumors. There have also been advances in chemotherapy treatments and liver 
transplantation for unresectable tumors. These advances will be further evaluated in 
the upcoming Pediatric Hepatic International Tumor Trial (PHITT) [10].

3.2 2017 PRETEXT and risk stratification

Imaging is an important basis for disease assessment and treatment selection. The 
PRETEXT system has been firstly proposed for staging and risk stratification for hep-
atoblastoma in 1992 [11]. The PRETEXT system is used to classify the tumor extent 
before treatment, which has a good prognostic value in patients with hepatoblastoma. 
The PRETEXT system has been widely used to evaluate the hepatoblastoma in recent 
years, which could stratify patients into groups with different prognosis.

The 2017 PRETEXT has updated the 2005 PRETEXT definitions [12]. The liver 
was divided into four sections. For PRETEXT I, II, and IV groups, there were no 
obvious differences between 2017 PRETEXT and 2005 PRETEXT. For PRETEXT I 
group, the tumor involves only one of the two lateral sections (right posterior and 
left lateral section). For PRETEXT II group, the tumor involves the left lobe, right 
lobe, left medial section only, and right anterior section only; two separate tumors 
involves the two lateral sections or the caudate lobe only. For PRETEXT III group, 
the tumor involves three sections of the liver, leaving only one normal section. For 
PRETEXT IV group, the tumor involves all four sections. The 2017 PRETEXT has 
mainly standardized the PRETEXT annotation factors, preparing the future clinical 
trials. It includes hepatic venous/inferior vena cava involvement (V), portal venous 
involvement (P), extrahepatic disease contiguous with the main liver tumor (E), 
multifocality (F), and tumor rupture (R) [12].

Many single centers have put effort to investigate the prognostic factor of 
hepatoblastoma [13–16]. But the results were limited due to the small patients’ 
number and the use of multiple disparate staging systems. CHIC has created a new 
staging system to staging and risk stratification in children with hepatoblastoma, 
named the Children’s Hepatic tumors International Collaboration-Hepatoblastoma 
Stratification (CHIC-HS). Based on a 5-year event-free survival and clinical appli-
cability, the system was established with risk factors including PRETEXT groups, 
metastatic disease, age, AFP concentration, PRETEXT annotation factors (VPEFR), 
and surgically resectable at diagnosis [17]. PRETEXT group is the primary and most 
important for risk stratification. If the tumor is resectable at diagnosis for patients 
of PRETEXT I/II group, they are in very low or low risk. After PRETEXT group, 
metastatic disease is the first risk factor for stratification. All patients with meta-
static disease were defined as high risk. Then, age ≥ 8 years in PRETEXT I, II, and 
III group and age ≥ 3 years in PRETEXT IV group were high-risk factor. For younger 
patients, AFP ≤100 ng/mL was defined as high-risk group. And VPEFR+ patients 
were in intermediate-risk group. In PRETEXT I/II group, older patients showed a 
relatively poor prognosis. But many of these tumors can be surgically resected; they 
defined the patients at 3–7 year age in the lower-risk group; patients who had low 
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cooperation provides a large-scale database for clinical trials. The CHIC has devel-
oped a centralized online platform that combines data from eight completed clinical 
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2008. The resulting data set has been used for investigating the relationship between 
the patient prognosis and the tumor characteristics and patient stratification for 
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mentation of staging system (PRE-Treatment EXTent of tumor, PRETEXT), which 
is helpful for systemically evaluating the hepatoblastoma at diagnosis and useful 
for establishing consensus classification. Moreover, pathologists in the collabora-
tion have established a new histopathological consensus classification for pediatric 
liver tumors. There have also been advances in chemotherapy treatments and liver 
transplantation for unresectable tumors. These advances will be further evaluated in 
the upcoming Pediatric Hepatic International Tumor Trial (PHITT) [10].
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The 2017 PRETEXT has updated the 2005 PRETEXT definitions [12]. The liver 
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named the Children’s Hepatic tumors International Collaboration-Hepatoblastoma 
Stratification (CHIC-HS). Based on a 5-year event-free survival and clinical appli-
cability, the system was established with risk factors including PRETEXT groups, 
metastatic disease, age, AFP concentration, PRETEXT annotation factors (VPEFR), 
and surgically resectable at diagnosis [17]. PRETEXT group is the primary and most 
important for risk stratification. If the tumor is resectable at diagnosis for patients 
of PRETEXT I/II group, they are in very low or low risk. After PRETEXT group, 
metastatic disease is the first risk factor for stratification. All patients with meta-
static disease were defined as high risk. Then, age ≥ 8 years in PRETEXT I, II, and 
III group and age ≥ 3 years in PRETEXT IV group were high-risk factor. For younger 
patients, AFP ≤100 ng/mL was defined as high-risk group. And VPEFR+ patients 
were in intermediate-risk group. In PRETEXT I/II group, older patients showed a 
relatively poor prognosis. But many of these tumors can be surgically resected; they 
defined the patients at 3–7 year age in the lower-risk group; patients who had low 
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PRETEXT and positive VPEFR were placed in the intermediate-risk group; patients 
with PRETEXT I and low AFP (≤100 ng/mL) should not be stratified into high-
risk group due to surgically resectable small tumors; patients with PRETEXT III 
group (younger than 8 years, no metastasis (M−) and AFP 100–1000 ng/mL) were 
defined as intermediate risk due to the poor 5-year event-free survival. CHIC-HS is 
by far the most complete system for risk stratification of pediatric hepatoblastoma 
and has important guiding significance for guiding individualized treatment [17]. 
Further study should also pay attention to the prognostic effect of treatment selec-
tion, such as anatomical or nonanatomical partial hepatectomy [18] and the dosage 
of chemotherapy [19, 20].

4. Treatment

Multimodal therapy is recommended for the management of hepatoblastoma, 
including surgical resection, liver transplantation, chemotherapy, or radiofrequency 
ablation [21]. Multimodal therapy can improve tumor remission rate of children with 
advanced hepatoblastoma and prolong the survival. Surgical resection is the pre-
ferred treatment of resectable hepatoblastoma at the time of diagnosis. Neoadjuvant 
chemotherapy could improve the rate and safety of complete surgical resection for 
unresectable hepatoblastoma. Liver transplantation is one of the main treatments for 
unresectable hepatoblastoma [22, 23]. Prognosis has been greatly improved due to 
advances in chemotherapeutic agents and dosing regimens as well as innovations in 
surgical procedures, including the preoperative three-dimensional reconstruction, 
the usage of energy device, and liver transplantation. The management of high-risk 
patients and patients with recurrent or metastatic disease remains challenging [21].

4.1 Surgical resection for hepatoblastoma

Hepatectomy is the first choice for hepatoblastoma. It is suitable for PRETEXT I, 
II, and part of III patients. For most PRETEXT III and IV patients, chemotherapy is 
preferred first. Then, reevaluate the tumor and decide the treatment, hepatectomy 
or liver transplantation. However, there is still controversy about whether surgery 
should be performed first or chemotherapy first and the selection of extended 
hepatectomy or liver transplantation.

4.1.1 Preoperative or postoperative chemotherapy

Over the past 40 years, the management of hepatoblastoma has changed 
significantly. For patients with unresectable tumors, neoadjuvant chemotherapy 
has become the standard treatment which can lead to a significant reduction in 
preoperative tumors and sometimes even complete ablation [24]. Neoadjuvant 
chemotherapy may facilitate partial hepatectomy by withdrawal of the tumor 
boundary from the confluence of portal vein bifurcation, hepatic veins, and inferior 
vena cava. And the tumor volume of hepatoblastoma could be significantly resolved 
with increasing neoadjuvant chemotherapy cycles [25]. For patients who underwent 
cisplatinum-based neoadjuvant and postoperative chemotherapy, microscopically 
positive resection margin did not affect the overall survival rate. And the “wait-
and-see policy” is recommended [26].

For patients with hepatoblastoma that could be resected at diagnosis, postopera-
tive chemotherapy with cisplatin, fluorouracil, and vincristine is useful to control 
the disease progression [27]. And for the subtype of pure fetal histology hepato-
blastoma, complete surgical resection can achieve good survival without additional 
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chemotherapy. Further study should be performed to identify the patients for 
whom chemotherapy is not necessary [28].

4.1.2 Extended hepatectomy or liver transplantation

The management of patients in PRETEXT III or IV was difficult, including the 
selection between an aggressive liver resection and liver transplantation. There 
has been several study comparing the prognosis of partial hepatectomy and liver 
transplantation, the 5-year overall survival rate was 92% in patients who were 
performed partial hepatectomy, and about 83% in patients who underwent liver 
transplantation [29–32].

Although primary liver transplantation is recommended for POSTTEXT III 
and IV hepatoblastoma, some of the patients may be possible to perform extended 
hepatectomy after careful preoperative evaluation. In a prospective study that 
involved 18 patients with PRETEXT III and IV, extended major hepatic resection is 
safe and feasible with a comparable prognosis. The prognosis was similar with liver 
transplantation, while patients could avoid long-term immunosuppressive treat-
ment. But there should always be a potential donor for salvage liver transplantation 
[33, 34]. A study including 24 patients performed liver transplantation or extensive 
liver resection. Two patients in five who underwent liver transplantation experienced 
tumor recurrence and death within a mean period of 6 months, while 6 patients 
were recurrent in the extended hepatectomy group, with 63.2% event-free survival 
and 94.7% overall survival rate. The results support extensive surgical resection in 
patients of advanced tumor [35]. Although the surgical resection is complicated and 
sometimes remains positive or close negative margins, the patients could have good 
outcomes. Combined with neoadjuvant therapy, extensive surgical resection may 
spare the morbidity of orthotopic liver transplantation. And it will offer an alterna-
tive treatment for patients who are ineligible for liver transplantation [36].

In our center, we have performed extended hepatectomy for 27 cases of 
PRETEXT or POSTEXT III and IV, the 3-year disease-free survival was 75.0%, and 
the overall survival was 87.5%.

4.1.3 Does postoperative complication affect prognosis

Neoadjuvant therapy has become the standard treatment for unresected hepato-
blastoma. After neoadjuvant therapy, tumor volume may reduce, and surgical resec-
tion could be safely performed [37]. Although the patients may have good survival, 
neoadjuvant therapy may be related with postoperative complications. A study 
assessing the surgical outcomes focusing on resection margins, postoperative com-
plications, 30-day mortality, and overall survival found that patients who underwent 
partial hepatectomy after chemotherapy experienced high rate of surgical complica-
tions (58%). But the complications were not detrimental to survival [29]. In another 
report, the incidence of complications after surgical resection following adjuvant 
chemotherapy is high and is associated with overall survival in high-risk hepatoblas-
toma. One of the possible reasons is that postoperative complication will delay the 
chemotherapy [38]. In our experience, precise preoperative evaluation of the anatomy 
of tumor and intrahepatic vascular with three-dimensional (3D) reconstruction and 
compare with the intraoperative situation will ensure the safety of surgery.

4.2 3D reconstruction facilitates surgical resection

Three-dimensional reconstruction has been widely used in preoperative evalu-
ation and assisting hepatectomy [39] or living donor liver transplantation [40]. 
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3D simulation software could reconstruct the whole liver, tumor, and intrahepatic 
vascular, clearly displaying the anatomical variation and the correlation of tumor 
with the surrounding vascular. It is helpful for making the precise surgical plan 
and enables individualized anatomic hepatectomy for each pediatric patient with 
hepatoblastoma. For surgical resection, precisely understanding the location of 
tumor and the relation of tumor with the surrounding vascular and accurately 
evaluating the remnant liver volume are important for safe hepatectomy of giant 
hepatoblastoma. In our center, we have used a novel virtual hepatectomy simula-
tion software named Hisense CAS for preoperative evaluation. The Hisense CAS 
software could simulate a 3D liver image quickly and accurately with DICOM files 
of contrast-enhanced CT. With the Hisense CAS, we could confirm the anatomical 
relationship of tumor with the surrounding vascular from any direction, preop-
eratively mimic hepatectomy by extracting Glisson territory for anatomical liver 
resection or nonanatomical hepatectomy, automatically calculate the remnant liver 
volume, and navigate the liver resection during operation [41, 42]. As shown in 
Figure 1, with the help of 3D reconstruction, we performed extended hepatectomy 
for the patients. In total, we have performed extended hepatectomy for 27 patients 
in PRETEXT or POSTTEXT III and IV. All the hepatoblastoma were successfully 
removed with no complications. There were shorter operation time and less intra-
operative bleeding in the reconstructing group. And the postoperative hospital stays 
tended to be shorter [41, 42].

4.3 Liver transplantation in unresectable hepatoblastoma

Although extended hepatectomy for advanced hepatoblastoma has achieved 
favorable results, liver transplantation is still the only treatment for unresectable 
hepatoblastoma.

Liver transplantation can achieve a good prognosis for patients with hepatoblas-
toma, with a 5-year survival rate of 86% and a 10-year survival rate of about 80% 
[32, 43]. Compared with deceased donor transplantation, the prognosis of living 
liver transplantation was a little better (5-year survival rates were 83.3 and 77.6%). 
And compared with salvage liver transplantation, primary liver transplantation 
has a better prognosis (5-year survival rates were 82 and 30%) [31]. Compared 
with liver transplantation performed before 2010, patients who received liver 
transplantation after 2010 have a better prognosis (5-year survival rates were 82.6 
and 75.1%) [43]. Preoperative liver metastasis, tumor lysis after chemotherapy, and 
perioperative anticoagulation can significantly improve the prognosis of patients 
with liver transplantation. And the outcome was not affected by tumor pathology 
[44]. For unresectable hepatoblastoma, vascular infiltration and poor resection are 
often present, and liver transplantation has become the first choice [45]. Adjuvant 
chemotherapy after transplantation can significantly improve the long-term 
prognosis of patients [22]. For unresectable hepatoblastoma, the pretransplantation 
trend of alpha-fetoprotein levels after live donor liver transplantation can be used as 
an indicator of predictive recurrence. Since the AFP response cannot be accurately 
predicted before each chemotherapy cycle, liver transplantation may be appropri-
ate if the AFP level does not decrease after the last cycle and before AFP levels are 
found to rise again [46].

4.4 Treatment after metastasis

The lung is the most common metastatic organ of hepatoblastoma. In addition to 
lung, brain and bone metastases have also been reported [12, 47]. At the first diagnosis 
of hepatoblastoma, 17% of patients had pulmonary metastases [48]. Patients with lung 
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metastasis will have a poor overall prognosis. Therefore, a CT scan of the lung should be 
performed before treatment to determine whether there is lung metastasis. Treatment 
after lung metastasis is also critical to extend the prognosis of patients. Comprehensive 
treatment of primary and metastatic lesions can improve the prognosis of patients.

The treatment of patients with synchronous lung metastasis and hepatoblas-
toma has been systemically reviewed [49]. To summarize, if the primary lesions and 

Figure 1. 
Precise evaluation of hepatoblastoma with 3D reconstruction software.
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metastases are resectable, combine resection; if unresectable, eradicate or reduce 
the metastasis by neoadjuvant chemotherapy and then flowing combined resec-
tion. For single lung metastatic nodule, surgical resection is safe and feasible for the 
treatment [50]. Neoadjuvant chemotherapy combined with surgical resection of 
primary and metastatic lesions can achieve a better prognosis for patients with lung 
metastases. Most lung metastatic lesions are sensitive to chemotherapy. About half 
(26/60) of patients can achieve complete remission by chemotherapy. Then flow-
ing surgical removal of primary lesion, the patient’s survival could be significantly 
improved (3-year survival rate 67.2%) [51]. For the patients whose lung metastasis 
cannot be completely eradicated by chemotherapy, the prognosis is relatively poor 
[52]. For patients who cannot achieve complete remission, increasing the intensity 
of chemotherapy or expanding the scope of surgical resection may prolong the 
patient’s prognosis. In addition, the patients will experience poor prognosis if it 
occurs as lung metastases while on treatment [52]. If the primary liver lesion is 
resectable, chemotherapy-resistant lung lesions should be surgically removed 
before, after, or at the same time as liver tumor surgery. In patients with unresect-
able primary liver tumor, liver transplantation combined with metastasectomy can 
be performed after chemotherapy, the 5-year survival rate of which can reach 86%. 
For patients with an unremovable hepatoblastoma and residual lung metastasis, 
overall tumor burden may be an important prognostic factor for these patients [53]. 
Local treatment (e.g., transcatheter arterial chemoembolization or radiofrequency 
ablation) may be considered to reduce tumor size [49, 54]. Sometimes it is difficult 
to diagnose whether there is viability of residual lung lesions after chemotherapy; 
it will affect the operation for the primary tumor. It is difficult to determine the 
pathology of tiny lesions in imaging and find the lesions during intraoperative 
exploration; indocyanine green fluoroscopy may be helpful. But further study is 
necessary to verify the usefulness [55].

4.5 Adult hepatoblastoma

Compared with pediatric hepatoblastoma, adult hepatoblastoma has a lower 
incidence and a higher degree of malignancy [56]. There is no significant gender 
difference in the incidence of adult hepatoblastoma, and the average age of onset is 
42 years [57]. About 25% of adult hepatoblastomas are associated with hepatitis and 
cirrhosis, while it is rare in pediatric patients. Abdominal pain is the main clinical 
manifestation, and abdominal mass is the most common sign. As with children, 
surgical resection is the first choice for adult hepatoblastoma. Most hepatoblastomas 
are unresectable at diagnosis; chemotherapy can be used for patients who cannot 
be resected to gain opportunities for surgery [58]. Chemotherapy protocols are not 
standardized, and there was no statistically significance in survival rate between 
patients treated with drugs or TACE and patients not treated [57]. Due to low 
incidence, liver transplantation has yet to be fully evaluated. The prognosis of adult 
hepatoblastoma is extremely poor. The median survival time was 8 months and a 
1-year survival rate of 39.2% after treatment [59]. And patients had a longer survival 
if operation was performed [59]. Compared with nonsurgical treatment, surgery has 
a better prognosis. Hepatic multilobed involvement, embryonic histology, multifo-
cal nodules, and AFP <100 or AFP > 1000 are the poor prognostic factors [60].

5. Conclusions

In summary, surgical resection is the primary treatment for hepatoblastoma. 
Preoperative three-dimensional reconstruction can improve the resection rate 
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metastases. Most lung metastatic lesions are sensitive to chemotherapy. About half 
(26/60) of patients can achieve complete remission by chemotherapy. Then flow-
ing surgical removal of primary lesion, the patient’s survival could be significantly 
improved (3-year survival rate 67.2%) [51]. For the patients whose lung metastasis 
cannot be completely eradicated by chemotherapy, the prognosis is relatively poor 
[52]. For patients who cannot achieve complete remission, increasing the intensity 
of chemotherapy or expanding the scope of surgical resection may prolong the 
patient’s prognosis. In addition, the patients will experience poor prognosis if it 
occurs as lung metastases while on treatment [52]. If the primary liver lesion is 
resectable, chemotherapy-resistant lung lesions should be surgically removed 
before, after, or at the same time as liver tumor surgery. In patients with unresect-
able primary liver tumor, liver transplantation combined with metastasectomy can 
be performed after chemotherapy, the 5-year survival rate of which can reach 86%. 
For patients with an unremovable hepatoblastoma and residual lung metastasis, 
overall tumor burden may be an important prognostic factor for these patients [53]. 
Local treatment (e.g., transcatheter arterial chemoembolization or radiofrequency 
ablation) may be considered to reduce tumor size [49, 54]. Sometimes it is difficult 
to diagnose whether there is viability of residual lung lesions after chemotherapy; 
it will affect the operation for the primary tumor. It is difficult to determine the 
pathology of tiny lesions in imaging and find the lesions during intraoperative 
exploration; indocyanine green fluoroscopy may be helpful. But further study is 
necessary to verify the usefulness [55].

4.5 Adult hepatoblastoma

Compared with pediatric hepatoblastoma, adult hepatoblastoma has a lower 
incidence and a higher degree of malignancy [56]. There is no significant gender 
difference in the incidence of adult hepatoblastoma, and the average age of onset is 
42 years [57]. About 25% of adult hepatoblastomas are associated with hepatitis and 
cirrhosis, while it is rare in pediatric patients. Abdominal pain is the main clinical 
manifestation, and abdominal mass is the most common sign. As with children, 
surgical resection is the first choice for adult hepatoblastoma. Most hepatoblastomas 
are unresectable at diagnosis; chemotherapy can be used for patients who cannot 
be resected to gain opportunities for surgery [58]. Chemotherapy protocols are not 
standardized, and there was no statistically significance in survival rate between 
patients treated with drugs or TACE and patients not treated [57]. Due to low 
incidence, liver transplantation has yet to be fully evaluated. The prognosis of adult 
hepatoblastoma is extremely poor. The median survival time was 8 months and a 
1-year survival rate of 39.2% after treatment [59]. And patients had a longer survival 
if operation was performed [59]. Compared with nonsurgical treatment, surgery has 
a better prognosis. Hepatic multilobed involvement, embryonic histology, multifo-
cal nodules, and AFP <100 or AFP > 1000 are the poor prognostic factors [60].

5. Conclusions

In summary, surgical resection is the primary treatment for hepatoblastoma. 
Preoperative three-dimensional reconstruction can improve the resection rate 
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Abstract

Liver transplantation (LT) is a common current technique for end-stage liver 
disease. Complications after the surgical procedure, though uncommon, can be of 
very different origin and can also be severe enough to lead to liver and multiorgan 
failure and finally graft loss and/or recipient’s death. Intensivists and the surgical 
team must be familiarized with these early complications to detect them as soon 
as possible in order to use the best diagnostic tools and take the best therapeutic 
measures to restore anatomical integrity and organ function to optimize the liver 
graft. In this chapter, we present an updated state of the art for efficiently tackling 
with all different, most usual complications that an LT patient can present during 
early postoperative period.

Keywords: liver transplantation, liver graft dysfunction, liver posttransplant 
complications, liver function monitoring, posttransplant critical care

1. Introduction

Liver transplantation (LT) is the only therapy for end-stage liver disease. It has 
become a common surgical procedure. The postoperative severe complications may 
compromise both patient’s graft and life survival, so an early suspicion, detection, 
and therapeutic solution are the only way to change the threatening of post-LT 
complications.

The need of allografts has largely extended the set of criteria (ECD) for organ 
acceptability, increasing the risk of complications and adverse outcomes [1, 2].

Little is known about the parameters that can alert of early complications of liver 
graft function, need of retransplantation, vascular complications, reinterventions, 
and long intensive care stay.

Hereby we present the state of the art on the early detection and management of 
the most frequently complications found during the postoperative period of liver 
transplantation in the intensive care unit (ICU). We discuss the management of clini-
cal, laboratory, and ancillary tests’ findings that can help medical and surgical staff to 
tackle and take decisions when suspecting early hepatic graft malfunctioning. Early 
diagnosis could allow medical and surgical teams to take most difficult decisions to 
salvage the graft and to restore severe deteriorated patient’s health condition.



Liver Pathology

14

from children. Journal of Hepatology. 
2012;56(6):1392-1403. DOI: 10.1016/j.
jhep.2011.10.028

[57] Celotti A, D’Amico G, Ceresoli M, 
et al. Hepatoblastoma of the adult: A 
systematic review of the literature. 
Surgical Oncology. 2016;25(3):339-347. 
DOI: 10.1016/j.suronc.2016.07.003

[58] Nakamura S, Sho M, Kanehiro H, 
et al. Adult hepatoblastoma successfully 
treated with multimodal treatment. 
Langenbeck’s Archives of Surgery. 
2010;395(8):1165-1168. DOI: 10.1007/
s00423-010-0630-5

[59] Duan XF, Zhao Q . Adult 
hepatoblastoma: A review of 47 cases. 
ANZ Journal of Surgery. 2018;88(1-2): 
E50-E54. DOI: 10.1111/ans.13839

[60] Brotto M, Finegold MJ. Distinct 
patterns of p27/KIP 1 gene expression 
in hepatoblastoma and prognostic 
implications with correlation before and 
after chemotherapy. Human Pathology. 
2002;33(2):198-205. DOI: 10.1053/
hupa.2002.31294

15

Chapter 2

Early Postoperative Monitoring of 
the Liver Graft
Demetrio V. Pérez Civantos, Alicia Muñoz Cantero, 
Manuel Robles Marcos, Francisco Fuentes Morillas,  
María A. Santiago Triviño, María O. Cerezo Arias,  
María D. Pérez Frutos and Alberto Córdoba López

Abstract

Liver transplantation (LT) is a common current technique for end-stage liver 
disease. Complications after the surgical procedure, though uncommon, can be of 
very different origin and can also be severe enough to lead to liver and multiorgan 
failure and finally graft loss and/or recipient’s death. Intensivists and the surgical 
team must be familiarized with these early complications to detect them as soon 
as possible in order to use the best diagnostic tools and take the best therapeutic 
measures to restore anatomical integrity and organ function to optimize the liver 
graft. In this chapter, we present an updated state of the art for efficiently tackling 
with all different, most usual complications that an LT patient can present during 
early postoperative period.

Keywords: liver transplantation, liver graft dysfunction, liver posttransplant 
complications, liver function monitoring, posttransplant critical care

1. Introduction

Liver transplantation (LT) is the only therapy for end-stage liver disease. It has 
become a common surgical procedure. The postoperative severe complications may 
compromise both patient’s graft and life survival, so an early suspicion, detection, 
and therapeutic solution are the only way to change the threatening of post-LT 
complications.

The need of allografts has largely extended the set of criteria (ECD) for organ 
acceptability, increasing the risk of complications and adverse outcomes [1, 2].

Little is known about the parameters that can alert of early complications of liver 
graft function, need of retransplantation, vascular complications, reinterventions, 
and long intensive care stay.

Hereby we present the state of the art on the early detection and management of 
the most frequently complications found during the postoperative period of liver 
transplantation in the intensive care unit (ICU). We discuss the management of clini-
cal, laboratory, and ancillary tests’ findings that can help medical and surgical staff to 
tackle and take decisions when suspecting early hepatic graft malfunctioning. Early 
diagnosis could allow medical and surgical teams to take most difficult decisions to 
salvage the graft and to restore severe deteriorated patient’s health condition.



Liver Pathology

16

Laboratory tests as well as scores (model for end-stage liver disease, MELD; 
acute physiology and chronic health evaluation, APACHE II; sequential organ 
failure assessment, SOFA; and model of early allograft function, MEAF) have good 
performance but can only do a late evaluation of patient status and graft function. 
The indocyanine green plasma disappearance rate is an interesting liver function 
test but produces some ambiguous results during the first days after transplanta-
tion. The liver maximal function capacity test is a novel and promising method for 
evaluating metabolic liver activity, but its use is limited for economic reasons and 
extrahepatic factors.

Recently somatic near-infrared spectroscopy of liver graft (LSrO2) has shown to 
be helpful to early monitor vascular graft supply after LT [3].

2. Vascular complications of the liver graft

Vascular complications after LT though seldom found are dreaded ones, as they 
carry high incidence of both loss of the graft and patient morbimortality [1].

Complications that affect the hepatic artery (HA) after LT can lead to ischemia 
of the liver graft which can result in graft morbidity, loss, or even patient death. The 
clinical feature of these complications varies and depends on the type (thrombosis 
or stenosis) and timing (early or late presentation) and the promptness of diagnosis 
[4–10]. Despite continuous improvements of the surgical technique, these com-
plications represent one of the main causes of the failure of LT, with an incidence 
ranging from 2.6 to 20% in adult recipients [4–10].

2.1 Early monitoring of vascular graft supply and vascular complications

As it is hard to establish an effective screening of the risk of each patient under-
going LT, it is of paramount importance to bear in mind the possibility of early 
appearance as most studies and clinical experience have failed to demonstrate clear 
risk factors [4–12].

At the ICU it is difficult to monitor early graft vascular supply. Duplex ultra-
sound (DUS) is the usual tool used for this purpose, but it only provides informa-
tion at a given point of time of the study but no continuous information.

Adequate perfusion and oxygenation to liver graft after transplantation are 
essential for its viability. LSrO2 through near-infrared spectroscopy (NIRS) can 
help by showing real-time oxygen content of the graft. Recently, our group carried 
out a study on post-LT patients for evaluating the efficacy of NIRS on detecting 
early vascular graft complications [12, 13]. Impairment of the liver graft microcir-
culation and tissue hypoxia are both a common pathology in all these complications 
with eventual loss of the graft without early intervention [14]. Early detection of 
this impairment could reduce the overall morbidity and mortality of LT by allow-
ing earlier treatment. Measurement of hepatic LSrO2 has been shown to correlate 
significantly with the microcirculatory impairment and liver dysfunction induced 
by ischemia and reperfusion injury [12, 15].

The mean initial value of LSrO2 that our group observed was 74 (SD 5.7) 
with a tendency of a slight progressively increment along the following hours, 
showing a mean value of 76 (SD 4.1) at hour 24. When studying correlation 
of LSrO2, relevant and significant findings at hour 3 were found between this 
parameter and hemoglobin (Hb) (p = .004), as well as with cardiac index (CI) 
(p = .044). It was also found with the Apache II scale (p = .041) but not with 
SOFA (p = .069).
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At hour 24, we also found significant correlation between LSrO2 and Hb 
(p = .002). No correlation was met with lactate at any moment (hour 1, hour 8, and 
hour 24) of the study (p = .113, p = .293, and p = .141, respectively).

Importantly, neither at the beginning nor at the end of the study was there a 
correlation observed between LSrO2 and liver biochemistry.

Finally, among hemodynamic parameters, a correlation was encountered 
between LSrO2 and CI at hour 3 (p = .044). DUS data expressed as resistive index 
and pulsatility index (RI and PI) did not correlate with LSrO2 at hour 24 (p = .738 
and p = .799, respectively). We could not also find any statistical connection 
between LSrO2 and cold-warm ischemia time and at arrival after 24 hours (p = .780 
and p = .951).

LSrO2 could early detect all severe vascular complications and all events that 
led to a decrease in blood or oxygenation supply to the liver graft, permitting to 
advance in taking diagnostic and therapeutic measures.

LSrO2 is a new monitoring tool that brings valuable information about hepatic 
flow and oxygenation early after liver transplant that deserves to be weighed.

2.1.1 Arterial complications

2.1.1.1 HAT

Hepatic artery thrombosis (HAT) [16] differs depending on time of presenta-
tion, usually ranging from 1 to 28 days (mean 7.4 days) [4].

HAT represents the most common vascular complication, accounting for 
more than 50% of all vascular complications [13]. Late reports show a lower HAT 
incidence, ranging from 1 to 25% [13, 17, 18]. It is the first cause of non-function of 
the graft [13].

The clinical presentation of HAT ranges from a mild elevation of liver function 
tests (LFT) and bilirubin levels in 75% of patients to fulminant hepatic necrosis. 
Other symptoms vary from biliary complications in 15%, fever and sepsis in 6%, 
and graft dysfunction or failure in 4% [13]. The clinical expression depends on the 
timing and the existence of collaterals. Early HAT is mostly expressed as a non-
functioning graft, and late HAT is associated with biliary tract complications (bile 
duct strictures and/or biliary leaks).

Early HAT usually is manifested with fever, increased leukocytosis, and 
important elevation in liver enzyme levels. The natural history of early HAT can 
be summarized as biliary tract necrosis followed by uncontrolled septic shock in 
the immunosuppressed population and even the patient’s death [6, 13, 19–22]. The 
cause of early HAT is still under debate and remains unknown [6, 19, 21–23]. Up to 
20% of HAT cases are due to surgical causes [6, 19, 21–23].

Early diagnosis is mandatory to allow immediate treatment. Elevation of transami-
nase levels, LSrO2 monitoring [3] showing a > 10% reduction from basal data, duplex 
ultrasound (DUS will show absence of HA signal sensibility of 92%) and increased 
resistive index (RI). Visceral angiography will confirm the diagnosis [19, 22, 24].

Approximately 20% of them can be treated successfully with surgical revas-
cularization with a Fogarty balloon-tip catheter and refashioning of the arterial 
anastomosis the very same day of diagnosis [4]. Percutaneous endovascular 
interventions including intra-arterial thrombolysis (IAT), percutaneous translu-
minal angioplasty (PTA), and stent placement have shown hopeful outcomes in 
the literature [13]. Anticoagulant or antiplatelet therapy is also advisable [13, 16]. 
Survival rates are 40% in symptomatic vs. 82% in asymptomatic patients [13]. Sylva 
et al. reported an overall mortality of 23% [20].
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be summarized as biliary tract necrosis followed by uncontrolled septic shock in 
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20% of HAT cases are due to surgical causes [6, 19, 21–23].

Early diagnosis is mandatory to allow immediate treatment. Elevation of transami-
nase levels, LSrO2 monitoring [3] showing a > 10% reduction from basal data, duplex 
ultrasound (DUS will show absence of HA signal sensibility of 92%) and increased 
resistive index (RI). Visceral angiography will confirm the diagnosis [19, 22, 24].

Approximately 20% of them can be treated successfully with surgical revas-
cularization with a Fogarty balloon-tip catheter and refashioning of the arterial 
anastomosis the very same day of diagnosis [4]. Percutaneous endovascular 
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Different factors that cannot be involved in the appearance of HAT are etiology 
of recipient end-stage liver disease, previous LT, donor sex and age, cause of donor 
death, recipient sex and age, type of preservation solution, cold ischemia time, 
experience of the surgeon, type of arterial anastomosis, intraoperative transfusion 
requirement of red blood cells and fresh frozen plasma, acute rejection, and CMV 
infection. Donor age of greater than 60 years and back-table artery reconstruction 
have been found significantly associated with this complication [4].

2.1.1.2 HAS

Hepatic artery stenosis (HAS) is not rarely found and its incidence ranges 2–13% 
[13, 16]. It is defined as a narrowing of the transverse diameter of the HA, resulting 
in ischemia mainly revealed by elevated liver function tests [13, 25–31]. Significant 
HAS is defined as a reduction of >50% on angiogram associated with a resistive 
index (RI) <0.5 and a peak systolic velocity >400 cm/s by Duplex ultrasound (DUS) 
[8, 13, 26, 32]. LSrO2 reduction of >10% from basal levels and maintained dur-
ing first hours can alert of HAC [3]. HAS also carries a high rate in morbidity and 
mortality. It has been postulated that HAT and HAS are two contiguous components 
of the broader allotransplant ischemic complications [13, 25–28, 30–35].

2.1.1.3 HAP

Hepatic artery pseudoaneurysm (HAP) is defined as a dilated hepatic artery, 
which occurs after iatrogenic injury in most cases, causing blood leaking and pool 
outside the artery wall into surrounding tissue with a persistent communication 
between the HA and the adjacent cavity [13].

Volpin et al. [36] informed of an incidence of 2.5% and Boleslawski et al. of 
0.64% [37].

The clinical presentation varies from an asymptomatic state to an incidental find-
ing upon abdominal pain associated with fever and gastrointestinal bleeding (25%), 
massive bleeding through abdominal drain (31%), and hemorrhagic shock (81%).

Several predisposing factors have been suggested, including peritoneal infec-
tions, technical difficulties during anastomosis, and biliary leak [24, 27, 35–62]. The 
rate of microorganisms cultured from HAP is 50% and from abdominal fluid 31% 
[36]. Diagnosis of HAP is based on DUS, contrast-enhanced CT scan, or angiogra-
phy [36]. Treatment is based on reoperation or interventional radiology [36, 37, 42, 
45, 63]. Urgent ligation of HA has a mortality that ranges from 28 to 85% [36, 40, 
41, 45]. Boleslawski et al. [37] reported good results with HA ligation without 
revascularization.

2.1.1.4 HAR

HAR is defined as a severe hemorrhage from the trunk or from the main branch 
of the HA. It is a very serious complication that results in the disruption of blood 
supply to the graft. This is an exceptional but dramatic complication that carries a 
very high rate incidence of graft loss and mortality.

In most cases, this condition complicates a pseudoaneurysm of the HA, leading 
to major bleeding that requires emergency operation. Many authors report the role 
of infectious pathogens as causative agents of pseudoaneurysms [13]. Diagnosis of 
HAP is available with different radiological techniques, but in half of cases, HAP is 
not recognized before rupture, requiring immediate surgery [37].

In case of rupture and acute bleeding, there are many therapeutic possibilities: 
endovascular intervention with embolization with or without stenting, surgical 
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intervention for anastomotic revision, aorto-hepatic grafting, HA ligation, or 
emergency retransplantation. Mortality remains very high, and no consensus exists 
about indication for the type of procedure [13, 37, 40, 45, 47, 64].

Boleslawski et al. [37] reported the largest series of ruptured posttransplant 
HAP and highlighted the efficacy of primary HA ligation with good (70–80%) early 
and late survival.

2.1.2 Venous complications

Compared to arterial complications, venous complications (VC) are less fre-
quent, with an estimated overall incidence of <3% [65–72]. They can be potentially 
devastating, leading to graft failure and representing an important source of mor-
bidity and mortality, especially if they occur in early period of post-LT [68, 71, 72].

Incidence is higher in pediatric population [68, 69, 73, 74].
The etiology of VC mostly involves venous anastomosis; those are portal, cava, 

and hepatic veins.
Portal vein complications (PVCs) are relative uncommon, occurring in 1–3% 

of LT [65–68, 70–72, 75]. These complications are related to high morbidity and 
graft loss [67, 68]. These complications are more common with split liver and living 
donor LT and in pediatric LT [72, 76].

Regarding PVCs we can make the diagnosis by DUS, contrast-enhanced ultra-
sound (CEUS), contrast-enhanced computed tomography (CECT), and magnetic 
resonance venography (MRV) [67, 68, 77]. Therapeutic management of PVCs 
ranges from endovascular procedures (as the first-line treatment) with highly suc-
cessful results [50, 69, 74, 78] to surgical thrombectomy and anastomosis revision.

2.1.2.1 Portal vein thrombosis (PVT)

Incidence ranges from 0.3 to 2.6% [51, 71]. The clinical presentation depends on 
the time of thrombosis. Early thrombosis (<72 h) is presented as acute liver insuf-
ficiency or graft failure. If PVT occurs late (>day 30), clinical symptoms depend on 
the portocaval collateral circulation existence. Portal hypertension manifestations 
including upper gastrointestinal bleeding due to esophagogastric varices and ascites 
are the most frequent symptoms, and liver failure is rare [35, 71, 75]. PVC usually 
occurs during the first week after LT [27, 35, 52, 79]. The most common causes of 
PVT are technical errors related to venous redundancy, kinking, or stenosis of the 
anastomosis [71].

Therapeutic options for PVT range from systemic anticoagulation, catheter-based 
thrombolytic therapy via transjugular intrahepatic portosystemic shunt (TIPS), 
to surgical revision until retransplantation. The best three percutaneous options 
in literature are transhepatic vein angioplasty (with or without stent placement), 
percutaneous thrombolytic treatment via TIPS, and transsplenic approach [53, 54].

In clinical practice, the treatment depends on timing of appearance, if early liver 
failure or multiorgan failure appear, it compels surgical revision and if PVT is late to 
occur and no alteration in liver function test, observation, or medical treatment and 
complementary percutaneous treatment is required. If PVT is late in developing 
and with clinical manifestation of acute gastroesophageal bleeding or ascites, that 
will require percutaneous or TIPS procedures [55].

2.1.2.2 PVS

The true incidence of portal vein stenosis (PVS) is not known. The only data in 
literature concerning the incidence of venous complications is <3% [72].
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intervention for anastomotic revision, aorto-hepatic grafting, HA ligation, or 
emergency retransplantation. Mortality remains very high, and no consensus exists 
about indication for the type of procedure [13, 37, 40, 45, 47, 64].

Boleslawski et al. [37] reported the largest series of ruptured posttransplant 
HAP and highlighted the efficacy of primary HA ligation with good (70–80%) early 
and late survival.

2.1.2 Venous complications

Compared to arterial complications, venous complications (VC) are less fre-
quent, with an estimated overall incidence of <3% [65–72]. They can be potentially 
devastating, leading to graft failure and representing an important source of mor-
bidity and mortality, especially if they occur in early period of post-LT [68, 71, 72].

Incidence is higher in pediatric population [68, 69, 73, 74].
The etiology of VC mostly involves venous anastomosis; those are portal, cava, 

and hepatic veins.
Portal vein complications (PVCs) are relative uncommon, occurring in 1–3% 

of LT [65–68, 70–72, 75]. These complications are related to high morbidity and 
graft loss [67, 68]. These complications are more common with split liver and living 
donor LT and in pediatric LT [72, 76].

Regarding PVCs we can make the diagnosis by DUS, contrast-enhanced ultra-
sound (CEUS), contrast-enhanced computed tomography (CECT), and magnetic 
resonance venography (MRV) [67, 68, 77]. Therapeutic management of PVCs 
ranges from endovascular procedures (as the first-line treatment) with highly suc-
cessful results [50, 69, 74, 78] to surgical thrombectomy and anastomosis revision.

2.1.2.1 Portal vein thrombosis (PVT)

Incidence ranges from 0.3 to 2.6% [51, 71]. The clinical presentation depends on 
the time of thrombosis. Early thrombosis (<72 h) is presented as acute liver insuf-
ficiency or graft failure. If PVT occurs late (>day 30), clinical symptoms depend on 
the portocaval collateral circulation existence. Portal hypertension manifestations 
including upper gastrointestinal bleeding due to esophagogastric varices and ascites 
are the most frequent symptoms, and liver failure is rare [35, 71, 75]. PVC usually 
occurs during the first week after LT [27, 35, 52, 79]. The most common causes of 
PVT are technical errors related to venous redundancy, kinking, or stenosis of the 
anastomosis [71].

Therapeutic options for PVT range from systemic anticoagulation, catheter-based 
thrombolytic therapy via transjugular intrahepatic portosystemic shunt (TIPS), 
to surgical revision until retransplantation. The best three percutaneous options 
in literature are transhepatic vein angioplasty (with or without stent placement), 
percutaneous thrombolytic treatment via TIPS, and transsplenic approach [53, 54].

In clinical practice, the treatment depends on timing of appearance, if early liver 
failure or multiorgan failure appear, it compels surgical revision and if PVT is late to 
occur and no alteration in liver function test, observation, or medical treatment and 
complementary percutaneous treatment is required. If PVT is late in developing 
and with clinical manifestation of acute gastroesophageal bleeding or ascites, that 
will require percutaneous or TIPS procedures [55].

2.1.2.2 PVS

The true incidence of portal vein stenosis (PVS) is not known. The only data in 
literature concerning the incidence of venous complications is <3% [72].



Liver Pathology

20

When PVS is diagnosed, it can be present with acute graft failure or portal hyperten-
sion [56]. In practice the vast majority of patients are asymptomatic, and the finding is 
incidental on routine scanning ultrasound. In the case of symptomatic PVS, clinical signs 
will be those of portal hypertension as gastrointestinal bleeding due to gastroesophageal 
varices, ascites, and splenomegaly. Abnormal liver function tests are not constant.

Risk factor for developing PVS is the same as for PVT. The significant size 
mismatch is likely a cause of developing a stenosis [72].

DUS is the first tool for PVS diagnosis; it is highly sensitive but not specific. 
Some authors as Wei et al. [57] consider a pre- and post-stenosis gradient of >5 as 
compatible with PVS. Other authors prefer to rely on portal caliper diameter, and a 
reduction of >75% is suggestive [58].

In case there are no important clinical signs, the patient may be solely observed. 
If clinical picture is progressively deteriorating, a therapeutic access as transhepatic 
approach or transjugular access [58] must be done. A single balloon dilatation is 
sufficient to maintain patency in 77.7% of patients. In selected cases, a stent can be 
placed to prevent recurrence [59]. The use of three anticoagulant therapies (low-
molecular-weight heparin, warfarin, and aspirin) may reduce the recurrence of 
thrombosis [60].

2.1.2.3 CVC

Caval vein complications (CVC) are extremely infrequent. They can be due to 
kinking, stenosis, or thrombosis and clinically appear as lower limb edema, ascites, 
pleural effusion, Budd-Chiari syndrome, and liver or renal failure [61, 65, 70].

Technical errors are the leading cause of CVC. Diagnosis should be made by 
DUS, contrast-enhanced CT, or cavography. Percutaneous radiological interven-
tions are the methods of choice for therapeutical approach [59, 62, 80–83].

3. Biliary complications after liver transplantation

The most frequent and important causes of morbidity and mortality in LT recipi-
ents are stenosis, biliary leaks, and stones. The estimated incidence is 10–25% [84]. 
Most can be managed successfully with endoscopic retrograde cholangiography (ERC).

3.1 Types of complications

Biliary complications (stenosis, leaks, and stones) after LT can be classified as 
early (within 4 weeks) or late. Biliary strictures can be further divided into intrahe-
patic anastomotic stenoses, not anastomotic and diffuse stenoses. Other complica-
tions, such as bile emptying, Oddi sphincter dysfunction, mucocele, and hemobilia, 
are rare (Table 1).

3.2 Risk factors

There are several risk factors for development of biliary complications after LT 
(Table 2):

• Type of biliary reconstruction: ductal choledochocholedochostomy versus 
choledochojejunostomy in Roux-en-Y; the complication rate is similar [85].

• Routine tube placement in T: it is associated with a higher incidence of biliary 
complications, such as stenosis, biliary leaks, and cholangitis [86].
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• Other risk factors (especially stenosis): acute thrombosis of the hepatic artery, 
stenosis of the hepatic artery, biliary leak, technical factors during surgery 
(excessive dissection of the periductal tissue during acquisition, excessive use 
of electrocautery for the control of bile duct bleeding) both in the donor and 
the recipient, the tension of the anastomosis, small caliber of the bile duct 
and the size of the donor and recipient not matching, ischemia injury/reper-
fusion, pre-LT diagnosis of cytomegalovirus infection, donation after cardiac 
death, ABO blood mismatch in the group, increased donor age, prolonged 
periods of cold and warm ischemia, and primary sclerosing cholangitis 
(Table 2) [85].

3.3 Diagnostic approach

In asymptomatic LT recipients that have elevations in serum levels of amino-
transferases, bilirubin, alkaline phosphatase, and/or gamma-glutamyl transferase. 
Occasionally, they have nonspecific symptoms (fever and anorexia), abdominal 

Table 1. 
Biliary complications after liver transplantation.

Table 2. 
Risk factors for the development of biliary complications after liver transplantation.
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• Other risk factors (especially stenosis): acute thrombosis of the hepatic artery, 
stenosis of the hepatic artery, biliary leak, technical factors during surgery 
(excessive dissection of the periductal tissue during acquisition, excessive use 
of electrocautery for the control of bile duct bleeding) both in the donor and 
the recipient, the tension of the anastomosis, small caliber of the bile duct 
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death, ABO blood mismatch in the group, increased donor age, prolonged 
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pain in the right upper quadrant (especially with biliary leaks), pruritus, jaundice, 
and biliary ascites. However, pain may be absent due to immunosuppression and 
hepatic denervation [85].

The initial evaluation should include hepatic ultrasound (US) with Doppler of 
the hepatic vessels (Figure 1). If US Doppler suspects stenosis or occlusion of the 
hepatic artery, a computed tomographic (CT) angiogram should be obtained or a 
liver angiogram should be performed.

Liver biopsy is performed to exclude rejection, although it is usually deferred in 
patients with bile dilation and/or the presence of stones in the common bile duct 
due to the risk of causing a bile leak [87].

The abdominal US may not be sensitive enough (sensitivity 38–66%) to detect 
biliary obstruction [88]. Therefore, an additional evaluation with more sensitive 
techniques is recommended in patients with clinical suspicion.

If there is a strong clinical suspicion and US that indicates an obstruction of the 
bile duct with or without stones or a bile leak, cholangiography should be obtained 
[85]. Although ERC or percutaneous transhepatic cholangiography (PTC) remains 
the gold standard, magnetic resonance cholangiopancreatography (MRCP) is a 
reliable technique (96% sensitivity and 94% specificity) [89]. Currently, MRCP 
is considered an optimal noninvasive diagnostic tool for the evaluation of biliary 
complications after TL, if the abdominal US is normal and there is a high suspicion 
of a biliary complication [89].

ERC is perhaps the best diagnostic/therapeutic intervention in patients with 
conduit-to-conduit anastomosis. We reserved PTC for patients in whom ERC was 
not successful and in patients with Roux-en-Y choledochojejunostomy [90].

3.4 Stenosis

The incidence ranges from 4 to 16% [85]. Stenoses that occur early after TL are 
due to technical problems, while late stenoses are due to vascular insufficiency and 
scarring and fibrosis problems. Bile leakage is an independent risk factor for the 
development of anastomotic stenoses. Stenoses were more common with recon-
struction with Roux-en-Y choledochojejunostomy.

They are classified as anastomotic or non-anastomotic, according to the place.

3.4.1 Anastomotic stenosis (AS)

It occurs within the first 12 months after LT. It has a good response to short-term 
stenting (3–6 months). However, patients require long-term surveillance, since the 
restrictions are often repeated.

The cholangiographic appearance characteristic of an AS is that of a narrowing 
of the area of the biliary anastomosis. In some patients, it may manifest itself in 
the first or second month after TL due to postoperative edema and inflammation 
[85]. This type responds to endoscopic balloon dilation and placement of the plastic 
stent; in most patients, it will be resolved in 3 months. The majority of patients with 
AS require continuous ERC (every 3 months) with balloon dilation and long-term 
stenting (12–24 months). Due to the high success rates, we suggest that endoscopic 
management be considered.

There is growing experience in the temporary placement (3–12 months) of 
self-expanding metal stents (cSEMS) covered to reduce the need for repeated 
stent exchanges [91]. There is insufficient data to support the systematic use, but 
the cSEMS may be beneficial in patients who fail therapy with plastic stents and 
dilatation [91].
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In 4–17% of cases, ERC cannot be performed successfully because the AS could 
not be crossed with a guidewire. Previous leaks of bile and high blood transfusion 
requirements during surgery are risk factors for the initial failure of ERC. The 
majority of these patients will require surgery. In patients with Roux-en-Y choledo-
chojejunostomy, ERC is often unsuccessful, and we suggest treatment with PTC 
and dilation, followed by placement of a percutaneous transhepatic catheter [92]. 
Surgical revision (usually a repair or conversion to a Roux-en-Y choledochojejunos-
tomy) may be an alternative in stable patients with a duct-to-duct stenosis that is 
difficult to treat.

3.4.2 Non-anastomotic stenoses (NAS)

These are mainly due to thrombosis of the hepatic artery or other forms of isch-
emia. Less commonly, they may be due to the recurrence of the underlying disease, 
such as primary sclerosing cholangitis. Its incidence is 0.5–10%.

NAS can occur proximal to the anastomosis in the extrahepatic or intrahepatic 
bile duct. There may be multiple stenoses that affect the hilum and intrahepatic 
ducts, causing a cholangiographic appearance that resembles primary sclerosing 
cholangitis. Bile sludge can accumulate proximal to the stenosis, leading to recur-
rent episodes of cholangitis.

NAS are more difficult to treat than AS. NAS endoscopic therapy consists of a 
balloon dilatation followed by sphincterotomy and plastic stents with replacement 
every 3 months. NAS results are not as favorable as AS. Only 50% have a long-term 

Figure 1. 
Algorithm for the diagnosis and evaluation of suspected biliary obstruction after liver transplantation.
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[85]. Although ERC or percutaneous transhepatic cholangiography (PTC) remains 
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The cholangiographic appearance characteristic of an AS is that of a narrowing 
of the area of the biliary anastomosis. In some patients, it may manifest itself in 
the first or second month after TL due to postoperative edema and inflammation 
[85]. This type responds to endoscopic balloon dilation and placement of the plastic 
stent; in most patients, it will be resolved in 3 months. The majority of patients with 
AS require continuous ERC (every 3 months) with balloon dilation and long-term 
stenting (12–24 months). Due to the high success rates, we suggest that endoscopic 
management be considered.

There is growing experience in the temporary placement (3–12 months) of 
self-expanding metal stents (cSEMS) covered to reduce the need for repeated 
stent exchanges [91]. There is insufficient data to support the systematic use, but 
the cSEMS may be beneficial in patients who fail therapy with plastic stents and 
dilatation [91].
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In 4–17% of cases, ERC cannot be performed successfully because the AS could 
not be crossed with a guidewire. Previous leaks of bile and high blood transfusion 
requirements during surgery are risk factors for the initial failure of ERC. The 
majority of these patients will require surgery. In patients with Roux-en-Y choledo-
chojejunostomy, ERC is often unsuccessful, and we suggest treatment with PTC 
and dilation, followed by placement of a percutaneous transhepatic catheter [92]. 
Surgical revision (usually a repair or conversion to a Roux-en-Y choledochojejunos-
tomy) may be an alternative in stable patients with a duct-to-duct stenosis that is 
difficult to treat.

3.4.2 Non-anastomotic stenoses (NAS)

These are mainly due to thrombosis of the hepatic artery or other forms of isch-
emia. Less commonly, they may be due to the recurrence of the underlying disease, 
such as primary sclerosing cholangitis. Its incidence is 0.5–10%.

NAS can occur proximal to the anastomosis in the extrahepatic or intrahepatic 
bile duct. There may be multiple stenoses that affect the hilum and intrahepatic 
ducts, causing a cholangiographic appearance that resembles primary sclerosing 
cholangitis. Bile sludge can accumulate proximal to the stenosis, leading to recur-
rent episodes of cholangitis.

NAS are more difficult to treat than AS. NAS endoscopic therapy consists of a 
balloon dilatation followed by sphincterotomy and plastic stents with replacement 
every 3 months. NAS results are not as favorable as AS. Only 50% have a long-term 

Figure 1. 
Algorithm for the diagnosis and evaluation of suspected biliary obstruction after liver transplantation.
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response with endoscopic therapy with dilatation and stent placement. In addition, 
up to 50% undergo a transplant or die [93]. As a general rule, ischemic events that 
lead to diffuse stenosis of the intrahepatic bile duct are associated with poor graft 
survival.

Surgical revision may finally be necessary in strictures that are refractory to 
endoscopic or percutaneous treatment. A Roux-en-Y choledochojejunostomy is 
performed in patients with conduit-to-conduit anastomoses. In those who already 
have a Roux-en-Y anastomosis, it may be necessary to reposition the bile duct of the 
graft in a better vascularized area.

3.5 Biliary leaks

They have an incidence between 2 and 25%. The presence of a bile leak is an 
independent risk factor for the development of early or late stenoses. Leakage of the 
anastomosis, the cystic duct, the T-tube tract, or (in living donor or an LH divided 
into the liver) the cut surface of the liver may occur. Biliary leaks can be divided into 
early and late.

3.5.1 Early bile leaks

They occur at the site of the anastomosis and are often related to technical 
problems. Predisposing factors include the lack of perfusion of the hepatic artery 
and other technical reasons. They must be suspected in case of peritonitis or fluid 
collections in imaging tests.

In cases where a T-tube is placed, small anastomotic leaks can be diagnosed with 
a T-tube cholangiogram and can be controlled by leaving the tube open. In patients 
without a T-tube, ERC is the standard diagnostic method. Hepatobiliary scintigra-
phy (HIDA) can be useful in cases where there is a low suspicion of leakage [94].

The placement of a plastic stent, with or without biliary sphincterotomy, is 
successful in 90 to 95%. As a result, ERC is the treatment of choice. In some cases, 
small leaks can be treated with biliary sphincterotomy alone. The stent remains 
2 months and is not changed during this period unless there is a clinical suspicion of 
obstruction.

Anastomotic leaks from Roux-en-Y choledochojejunostomy are less common. It 
can be diagnosed with a HIDA scan if the patient does not have a drainage catheter 
in place. ERC is often not feasible due to anatomical difficulties. Management is 
usually performed with internal-external percutaneous drainage and more fre-
quently requires surgical treatment.

3.5.2 Late leaks of bile

They are usually related to the removal of the tube in T. It should be suspected in 
patients who develop pain when the tube is removed in T. ERC is indicated (with or 
without sphincterotomy) with transpapillary stenting [95]. Surgery or a percutane-
ous transhepatic approach is reserved for patients in whom the endoscopic approach 
is unsuccessful. Some centers use nasobiliary tubes instead of stents.

3.6 Biloma

They are produced by rupture of the duct and extravasation of bile in the 
hepatic parenchyma or abdominal cavity, in patients with necrosis of the bile duct 
secondary to thrombosis of the hepatic artery. Most post-LT bilomas occur in the 
perihepatic area, outside the liver. If the biloma occurs in the hepatic parenchyma 
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and communicates with the biliary tree, it may resolve spontaneously or, in some 
cases, be treated with endoscopy and a transpapillary stent. Large bilomas that do 
not communicate with the bile ducts should be treated with percutaneous drainage 
and antibiotics. Surgery is indicated when it cannot be effectively controlled with 
nonsurgical methods.

3.7 Filling defects of the common bile duct

They can be due to gallstones, sludges, blood clots, cylinders, and/or migrated 
stents [88]. Gallstones, cylinders, and sludge are relatively common after TL, with 
an incidence between 2.5 and 12%. The related mechanisms are stenosis, warm and 
cold ischemia, bacterial infection, and obstruction [95].

3.7.1 Stones

They appear late after the TL. In the majority of cases (59–66%), a session of 
ERC with biliary sphincterotomy was sufficient for cleaning the canal.

3.7.2 Molds

They are seen more frequently in the context of ischemia (e.g., thrombosis of 
the hepatic artery), when there is a diffuse stenosis of the hilum [96]. Mold clean-
ing can be difficult to achieve with endoscopic methods. Combined endoscopic 
and percutaneous methods can be performed successfully [96]. Often several 
combinations of sphincterotomy, balloon and basket extraction, stent placement, 
and lithotripsy are necessary, and many patients will eventually require treatment 
with PTC. Patients with Roux-en-Y choledochojejunostomy should be treated with 
a percutaneous method.

3.8 Sphincter of Oddi dysfunction

It has been described in 2–7% [79]. The pathogenesis is not clear; one hypothesis 
is that the denervation of the common bile duct in the ampullary region (secondary 
to surgery) leads to the development of a hypertonic sphincter, which causes dilata-
tion of the ducts and cholestasis. In most studies, the diagnosis was based on clinical 
suspicion and response to biliary sphincterotomy [79].

3.9 Other complications

3.9.1 Mucocele

It is a rare complication after LT caused by an accumulation of mucus from the 
cells lining the remnant of the cystic duct, leading to extrinsic compression of the 
bile duct. Its formation is insidious and therefore difficult to diagnose. A CT scan or 
US will reveal the mucocele as an accumulation of fluid in the region of the hepatic 
portal. The diagnosis can be confirmed with MRCP [95]. Most patients will require 
surgical or radiological drainage.

3.9.2 Hemobilia

It may occur in patients undergoing percutaneous liver biopsy or percutaneous 
transhepatic cholangiography. This condition can cause transpapillary bleeding, 
along with biliary obstruction, due to the formation of clots. The treatment is 
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response with endoscopic therapy with dilatation and stent placement. In addition, 
up to 50% undergo a transplant or die [93]. As a general rule, ischemic events that 
lead to diffuse stenosis of the intrahepatic bile duct are associated with poor graft 
survival.

Surgical revision may finally be necessary in strictures that are refractory to 
endoscopic or percutaneous treatment. A Roux-en-Y choledochojejunostomy is 
performed in patients with conduit-to-conduit anastomoses. In those who already 
have a Roux-en-Y anastomosis, it may be necessary to reposition the bile duct of the 
graft in a better vascularized area.

3.5 Biliary leaks

They have an incidence between 2 and 25%. The presence of a bile leak is an 
independent risk factor for the development of early or late stenoses. Leakage of the 
anastomosis, the cystic duct, the T-tube tract, or (in living donor or an LH divided 
into the liver) the cut surface of the liver may occur. Biliary leaks can be divided into 
early and late.

3.5.1 Early bile leaks

They occur at the site of the anastomosis and are often related to technical 
problems. Predisposing factors include the lack of perfusion of the hepatic artery 
and other technical reasons. They must be suspected in case of peritonitis or fluid 
collections in imaging tests.

In cases where a T-tube is placed, small anastomotic leaks can be diagnosed with 
a T-tube cholangiogram and can be controlled by leaving the tube open. In patients 
without a T-tube, ERC is the standard diagnostic method. Hepatobiliary scintigra-
phy (HIDA) can be useful in cases where there is a low suspicion of leakage [94].

The placement of a plastic stent, with or without biliary sphincterotomy, is 
successful in 90 to 95%. As a result, ERC is the treatment of choice. In some cases, 
small leaks can be treated with biliary sphincterotomy alone. The stent remains 
2 months and is not changed during this period unless there is a clinical suspicion of 
obstruction.

Anastomotic leaks from Roux-en-Y choledochojejunostomy are less common. It 
can be diagnosed with a HIDA scan if the patient does not have a drainage catheter 
in place. ERC is often not feasible due to anatomical difficulties. Management is 
usually performed with internal-external percutaneous drainage and more fre-
quently requires surgical treatment.

3.5.2 Late leaks of bile

They are usually related to the removal of the tube in T. It should be suspected in 
patients who develop pain when the tube is removed in T. ERC is indicated (with or 
without sphincterotomy) with transpapillary stenting [95]. Surgery or a percutane-
ous transhepatic approach is reserved for patients in whom the endoscopic approach 
is unsuccessful. Some centers use nasobiliary tubes instead of stents.

3.6 Biloma

They are produced by rupture of the duct and extravasation of bile in the 
hepatic parenchyma or abdominal cavity, in patients with necrosis of the bile duct 
secondary to thrombosis of the hepatic artery. Most post-LT bilomas occur in the 
perihepatic area, outside the liver. If the biloma occurs in the hepatic parenchyma 
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and communicates with the biliary tree, it may resolve spontaneously or, in some 
cases, be treated with endoscopy and a transpapillary stent. Large bilomas that do 
not communicate with the bile ducts should be treated with percutaneous drainage 
and antibiotics. Surgery is indicated when it cannot be effectively controlled with 
nonsurgical methods.

3.7 Filling defects of the common bile duct

They can be due to gallstones, sludges, blood clots, cylinders, and/or migrated 
stents [88]. Gallstones, cylinders, and sludge are relatively common after TL, with 
an incidence between 2.5 and 12%. The related mechanisms are stenosis, warm and 
cold ischemia, bacterial infection, and obstruction [95].

3.7.1 Stones

They appear late after the TL. In the majority of cases (59–66%), a session of 
ERC with biliary sphincterotomy was sufficient for cleaning the canal.

3.7.2 Molds

They are seen more frequently in the context of ischemia (e.g., thrombosis of 
the hepatic artery), when there is a diffuse stenosis of the hilum [96]. Mold clean-
ing can be difficult to achieve with endoscopic methods. Combined endoscopic 
and percutaneous methods can be performed successfully [96]. Often several 
combinations of sphincterotomy, balloon and basket extraction, stent placement, 
and lithotripsy are necessary, and many patients will eventually require treatment 
with PTC. Patients with Roux-en-Y choledochojejunostomy should be treated with 
a percutaneous method.

3.8 Sphincter of Oddi dysfunction

It has been described in 2–7% [79]. The pathogenesis is not clear; one hypothesis 
is that the denervation of the common bile duct in the ampullary region (secondary 
to surgery) leads to the development of a hypertonic sphincter, which causes dilata-
tion of the ducts and cholestasis. In most studies, the diagnosis was based on clinical 
suspicion and response to biliary sphincterotomy [79].

3.9 Other complications

3.9.1 Mucocele

It is a rare complication after LT caused by an accumulation of mucus from the 
cells lining the remnant of the cystic duct, leading to extrinsic compression of the 
bile duct. Its formation is insidious and therefore difficult to diagnose. A CT scan or 
US will reveal the mucocele as an accumulation of fluid in the region of the hepatic 
portal. The diagnosis can be confirmed with MRCP [95]. Most patients will require 
surgical or radiological drainage.

3.9.2 Hemobilia

It may occur in patients undergoing percutaneous liver biopsy or percutaneous 
transhepatic cholangiography. This condition can cause transpapillary bleeding, 
along with biliary obstruction, due to the formation of clots. The treatment is 
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conservative but may require angiography with embolization. Biliary obstruction 
can be treated with percutaneous drainage or ERC.

3.9.3 Bactobilia

Patients who have undergone LT are predisposed to bacterial colonization of the 
bile ducts. Mechanical obstruction, plastic stents, gallstones, and sphincterotomy 
significantly increased the risk of bactobilia. The majority are asymptomatic. It 
is possible that bactobilia is a predisposing factor for the development of biliary 
complications after LT.

3.9.4 Biliary plaster syndrome

It refers to the presence of biliary cylinders and debris that cause biliary obstruc-
tion. Associated risk factors include hepatic artery stenosis and biliary stenosis [97]. 
Patients who develop biliary emptying syndrome have poor graft survival and a 
worse post-LT result than LT recipients without biliary emptying syndrome. Several 
endoscopic approaches have been described with varying success.

4. Rejection in liver transplant

4.1 Introduction

The human immune system is a host defense mechanism against the invasion 
of pathogens. However, a side effect of the ability of the host immune system to 
recognize and attack “nonself” tissues is rejection of grafted tissues posttransplan-
tation. The exogenous modulation of the host immune system to allow sustained 
graft function has proceeded along with—and often preceded—our understanding 
of the physiologic mechanism of rejection and tolerance [98, 99].

The immunologic disparity among members of the same species of mammals 
that leads to recognition of “self” tissue and to rejection of nonself tissue is based on 
the differences in cell surface molecules that are expressed. In humans, these major 
histocompatibility antigens are termed human leukocyte antigens (HLAs). HLAs 
are subdivided into two classes: class I (HLA-A, HLA-B, and HLA-C), expressed on 
the surface of all nucleated cells, and class II (HLA-DR, HLA-DQ , and HLA-DP), 
expressed on the surface of antigen-presenting cells (APCs) [98–101].

The recognition of nonself tissue occurs via two distinct immunologic pathways: 
direct and indirect allorecognition. Direct allorecognition consists of host T-helper 
cells recognizing donor HLA disparity expressed on the donor cell surface. Indirect 
allorecognition consists of recipient APCs (e.g., activated macrophages, dendritic 
cells, and B lymphocytes) phagocytosing donor cellular debris, including HLAs, 
which are then processed and re-presented on the APC surface to be recognized by 
recipient T-helper cells (CD4+ lymphocytes) (Figure 2) [100].

In either pathway, co-stimulation signals between CD4+ T-helper lymphocytes 
and CD8+ cytotoxic T lymphocytes trigger a cascade of immunologic events. 
Interleukin (IL)-2, an important and early signal in immune activation, is secreted 
by activated CD4+ T-helper lymphocytes, stimulating increased T-cell respon-
siveness, clonal expansion of alloreactive T lymphocytes, and acquisition of the 
cytolytic phenotype by host T lymphocytes. Direct allorecognition leads to a more 
immediate and vigorous immune response against foreign tissue, but, in both 
pathways, additional helper T lymphocytes are recruited and secrete a wide array of 
cytokines (e.g., IL-1, interferon-γ, tumor necrosis factor-α), facilitating the further 
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recruitment of cytotoxic T lymphocytes, natural killer cells, and B lymphocytes. 
B lymphocytes begin to secrete antibody directed against the allogeneic tissue in 
ever-increasing quantities. B lymphocytes also play an antibody-independent role in 
graft rejection through the secretion of proinflammatory cytokines and chemokines 
and the participation in antigen presentation [98–102].

Rejection mechanistically occurs by infiltration of the graft by effector cells, the 
binding of antibody, and the activation of complement. Unchecked, the phenom-
enon inexorably leads in graft loss (Table 1) [100].

Rejection is classified according to the temporal relation between the implanta-
tion of the graft and its dysfunction supported by the histologic features seen in 
allograft: hyperacute (HAR), acute (AR), and chronic (CR). Each type is mediated 
by a different host immune mechanism.

4.2 Hyperacute rejection

HAR occurs within a few minutes to a few hours after the reperfusion of the 
graft. Preformed antibodies directed against antigens presented by the graft 
mediate activation of complement activation of endothelial cells, and formation of 
microvascular thrombi, leading to graft thrombosis and loss. The process is irre-
versible and, currently, no treatment is available.

HAR is mediated by circulating preformed antibodies, normally directed against 
ABO system (comprising the four main blood types, i.e., A, B, AB, and O) antigens 
or against major HLA antigens. The screening of potential transplant recipients and 
strict adherence to ABO verification prevent nearly all HAR [101].

In pretransplantation study, crossmatch testing is performed to identify pre-
formed antibodies against class I HLAs (T-lymphocyte crossmatch testing) and 
class II HLAs (B-lymphocyte crossmatch testing). Crossmatch testing helps clini-
cians to identify the presence of antibodies against potential donor antigens and 
to assess the risks of posttransplant rejection and subsequent graft loss. However, 
these crossmatching assays are not standardized [98, 101, 102].

At most centers, heart and liver transplantations are performed without a 
crossmatch (except with system ABO compatibility between donor and recipient), 
unless the recipient is highly sensitized or has previously received a graft possessing 
major antigens in common with the current donor.

In liver transplant recipients, anti-HLA antibody-mediated HAR has been 
described, but HAR due to ABO-incompatible blood groups is seen in up to 33% 
and described as a more delayed form of antibody-mediated rejection, but even this 
barrier appears surmountable with the use of plasmapheresis along with aggressive 
immunosuppression. Unlike the renal graft, the hepatic graft can undergo HAR 
over a number of days, probably secondary to its ability to absorb a large amount of 
antibody and its functional reserve before the onset of the significant microthrom-
bosis and vascular damage [100–102].

Figure 2. 
Direct and indirect pathways of allorecognition (modified Ref. [100]).
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conservative but may require angiography with embolization. Biliary obstruction 
can be treated with percutaneous drainage or ERC.

3.9.3 Bactobilia

Patients who have undergone LT are predisposed to bacterial colonization of the 
bile ducts. Mechanical obstruction, plastic stents, gallstones, and sphincterotomy 
significantly increased the risk of bactobilia. The majority are asymptomatic. It 
is possible that bactobilia is a predisposing factor for the development of biliary 
complications after LT.

3.9.4 Biliary plaster syndrome

It refers to the presence of biliary cylinders and debris that cause biliary obstruc-
tion. Associated risk factors include hepatic artery stenosis and biliary stenosis [97]. 
Patients who develop biliary emptying syndrome have poor graft survival and a 
worse post-LT result than LT recipients without biliary emptying syndrome. Several 
endoscopic approaches have been described with varying success.

4. Rejection in liver transplant

4.1 Introduction

The human immune system is a host defense mechanism against the invasion 
of pathogens. However, a side effect of the ability of the host immune system to 
recognize and attack “nonself” tissues is rejection of grafted tissues posttransplan-
tation. The exogenous modulation of the host immune system to allow sustained 
graft function has proceeded along with—and often preceded—our understanding 
of the physiologic mechanism of rejection and tolerance [98, 99].

The immunologic disparity among members of the same species of mammals 
that leads to recognition of “self” tissue and to rejection of nonself tissue is based on 
the differences in cell surface molecules that are expressed. In humans, these major 
histocompatibility antigens are termed human leukocyte antigens (HLAs). HLAs 
are subdivided into two classes: class I (HLA-A, HLA-B, and HLA-C), expressed on 
the surface of all nucleated cells, and class II (HLA-DR, HLA-DQ , and HLA-DP), 
expressed on the surface of antigen-presenting cells (APCs) [98–101].

The recognition of nonself tissue occurs via two distinct immunologic pathways: 
direct and indirect allorecognition. Direct allorecognition consists of host T-helper 
cells recognizing donor HLA disparity expressed on the donor cell surface. Indirect 
allorecognition consists of recipient APCs (e.g., activated macrophages, dendritic 
cells, and B lymphocytes) phagocytosing donor cellular debris, including HLAs, 
which are then processed and re-presented on the APC surface to be recognized by 
recipient T-helper cells (CD4+ lymphocytes) (Figure 2) [100].

In either pathway, co-stimulation signals between CD4+ T-helper lymphocytes 
and CD8+ cytotoxic T lymphocytes trigger a cascade of immunologic events. 
Interleukin (IL)-2, an important and early signal in immune activation, is secreted 
by activated CD4+ T-helper lymphocytes, stimulating increased T-cell respon-
siveness, clonal expansion of alloreactive T lymphocytes, and acquisition of the 
cytolytic phenotype by host T lymphocytes. Direct allorecognition leads to a more 
immediate and vigorous immune response against foreign tissue, but, in both 
pathways, additional helper T lymphocytes are recruited and secrete a wide array of 
cytokines (e.g., IL-1, interferon-γ, tumor necrosis factor-α), facilitating the further 
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recruitment of cytotoxic T lymphocytes, natural killer cells, and B lymphocytes. 
B lymphocytes begin to secrete antibody directed against the allogeneic tissue in 
ever-increasing quantities. B lymphocytes also play an antibody-independent role in 
graft rejection through the secretion of proinflammatory cytokines and chemokines 
and the participation in antigen presentation [98–102].

Rejection mechanistically occurs by infiltration of the graft by effector cells, the 
binding of antibody, and the activation of complement. Unchecked, the phenom-
enon inexorably leads in graft loss (Table 1) [100].

Rejection is classified according to the temporal relation between the implanta-
tion of the graft and its dysfunction supported by the histologic features seen in 
allograft: hyperacute (HAR), acute (AR), and chronic (CR). Each type is mediated 
by a different host immune mechanism.

4.2 Hyperacute rejection

HAR occurs within a few minutes to a few hours after the reperfusion of the 
graft. Preformed antibodies directed against antigens presented by the graft 
mediate activation of complement activation of endothelial cells, and formation of 
microvascular thrombi, leading to graft thrombosis and loss. The process is irre-
versible and, currently, no treatment is available.

HAR is mediated by circulating preformed antibodies, normally directed against 
ABO system (comprising the four main blood types, i.e., A, B, AB, and O) antigens 
or against major HLA antigens. The screening of potential transplant recipients and 
strict adherence to ABO verification prevent nearly all HAR [101].

In pretransplantation study, crossmatch testing is performed to identify pre-
formed antibodies against class I HLAs (T-lymphocyte crossmatch testing) and 
class II HLAs (B-lymphocyte crossmatch testing). Crossmatch testing helps clini-
cians to identify the presence of antibodies against potential donor antigens and 
to assess the risks of posttransplant rejection and subsequent graft loss. However, 
these crossmatching assays are not standardized [98, 101, 102].

At most centers, heart and liver transplantations are performed without a 
crossmatch (except with system ABO compatibility between donor and recipient), 
unless the recipient is highly sensitized or has previously received a graft possessing 
major antigens in common with the current donor.

In liver transplant recipients, anti-HLA antibody-mediated HAR has been 
described, but HAR due to ABO-incompatible blood groups is seen in up to 33% 
and described as a more delayed form of antibody-mediated rejection, but even this 
barrier appears surmountable with the use of plasmapheresis along with aggressive 
immunosuppression. Unlike the renal graft, the hepatic graft can undergo HAR 
over a number of days, probably secondary to its ability to absorb a large amount of 
antibody and its functional reserve before the onset of the significant microthrom-
bosis and vascular damage [100–102].

Figure 2. 
Direct and indirect pathways of allorecognition (modified Ref. [100]).
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The diagnosis of HR in liver transplant recipients is normally suggested by fever 
and rapid deterioration in graft function: AST >1000, coagulopathy, acidosis, 
encephalopathy, and distributive shock. The differential diagnosis may be that of 
primary non-function/delayed function and hepatic artery thrombosis [101].

The histological features of hyperacute rejection are vascular congestion, fibrin-
platelet thrombi within capillaries, neutrophilic vasculitis with fibrinoid necrosis, 
prominent interstitial edema, and neutrophil infiltrates [98, 100].

In unsuccessful cases the only treatment is retransplantation.

4.3 Acute rejection

AR is the most common form of graft rejection. It may develop at any time 
but is most frequent during the first several months posttransplant. Rarely, it 
occurs within the first several days posttransplant, a process termed accelerated 
acute rejection, most likely a combination of amnestic immune response driven 
by sensitized memory B lymphocytes and activation of the direct allorecognition 
pathway [99].

AR may be cell mediated, antibody mediated (AMR), or very occasionally 
mixed. Histologically, AR generates an infiltration of activated T lymphocytes into 
the graft, resulting in gradually progressive endothelial damage, microvascular 
thrombosis, and parenchymal necrosis. Pathologic grading schemes have been 
developed regarding the extent to which AR involves vascular damage, cellular 
infiltration, or a combination of both [98, 99, 101].

Without intervention, AR inevitably progresses to graft loss. The clinical 
presentation of AR varies markedly, depending on the specific organ, on the level 
of immunosuppression, and on the attendant level of inflammation in the affected 
tissues.

Unless the host immune system is adequately suppressed pharmacologically, 
transplantation inevitably leads to AR.

A combination of immunosuppressive agents is typically used chronically to pre-
vent AR, including a lymphocyte antagonist (usually a calcineurin inhibitor such as 
cyclosporine or tacrolimus) and an antiproliferative agent (such as azathioprine or 
mycophenolate mofetil), with or without corticosteroids. Antilymphocyte antibody 
therapy is often added during induction of immunosuppression or for treatment of 
“steroid-resistant” AR. The most common liver transplantation regimen consists of 
two doses of a monoclonal anti-IL2 receptor (basiliximab) as induction therapy and 
dual maintenance therapy with the CNI, tacrolimus, and the antimetabolite myco-
phenolate mofetil, which lessens the incidence and severity of rejection without 
increasing infection rates [100, 101].

AR remains an important clinical problem in liver transplantation. Incidence of 
AR ranges from 30 to 80%. Various risk factors for its development are known, such 
as low concentrations of immunosuppressants, prolonged cold ischemia time, and 
young receptor [102].

The diagnosis of AR in liver transplant recipients is normally suggested by fever 
and elevated levels of transaminases, bilirubin, or alkaline phosphatase. Among 
patients with T-tube drainage (which is increasingly uncommon), the biliary drain-
age may be seen to thicken, darken, and decrease in amount. The suspicion of AR 
mandates graft biopsy and studies to eliminate other possible causes of early hepatic 
graft failure as Doppler ultrasonography and, in some cases, cholangiography 
resonance. Biopsy findings are classified, according to a standardized set of criteria, 
as mild, moderate, and severe, with clear implications for prognosis. Microscopic 
observation reveals interstitial infiltrates of lymphocytes and macrophages, arte-
ritis, fibrinoid necrosis, and thrombosis. The involvement of the blood vessels is a 
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poor sign because its usual meaning is that of an episode of rejection that will be 
refractory to treatment. Biopsy may be relatively contraindicated due to coagulopa-
thy. In some circumstances transjugular biopsy offers a solution to this problem 
(Table 3) [100–102].

The differential diagnosis may be that of sepsis or problems with vascular 
integrity.

AR is normally treated with high-dose corticosteroids, but 5–10% of cases are 
steroid resistant; such recipients are then treated with an antilymphocyte antibody 
or tacrolimus at higher levels [100].

5. Primary graft liver dysfunction

Primary graft liver dysfunction is defined as the liver dysfunction that occurs 
from the moment of liver transplantation, which is not explained by the existence 
of another etiology, neither vascular nor bile.

Although there is improvement on preservation solutions and surgical tech-
niques [103], its incidence varies from 2 to 23% in several studies. It also seems to be 
the cause of 20–30% of the retransplants. The mortality without it is close to 80%.

The clinical suspect is established during the first hours after the liver transplant 
due to the presence of hemodynamic instability, metabolic acidosis, severe coagu-
lopathy (prothrombin time >20 seconds), hypertransaminasemia (>1000 U/l), and 
encephalopathy.

When primary dysfunction does not threaten patient life immediately, it is 
known as “poor early graft function.” On those several cases whose patient dies if 
the transplantation is not done, it is known as “primary graft failure” [104].

The pathogenesis of primary graft liver dysfunction is nearly related to the 
ischemia-reperfusion injury, so there are some predisposing donor factors that 
impact on recipient outcome [105, 106]. Prophylaxis includes a thorough donor 
selection and an exhaustive ischemia time control [107–109].

These premises are very important because of the fact that retransplantation is 
the isolated efficacy treatment.

Diagnosis is encouraged by additional examinations which discard secondary 
graft dysfunction. Transhepatic cholangiography must demonstrate a perme-
able bile duct as Doppler ultrasound and arteriography must demonstrate the 
absence of vascular complications. Liver biopsy is useful to discard a hyperacute 
rejection [104].

Nowadays the shortage of available donor organs is the major limiting fac-
tor in liver transplantation. Optimal deceased donors are generally young, 
previously healthy persons who develop a fatal brain injury due to causes such 
as head trauma, intracerebral hemorrhage, or anoxia. The relative paucity of 
donor organs has led transplant centers to consider organs from marginal donors 
(Table 4) [109–113].

Aside from the marginal donors, there are other factors associated with graft 
failure (Table 5) [113].

5.1 Treatment

As we have commented, the isolated efficacy treatment is retransplant and goes 
on identifying donors and recipient factors that lead to this kind of injury as avoid-
ing large ischemic times. The proper donor maintenance at the intensive care unit is 
at most important [103, 107, 108].

Prostaglandins type E1 come be used as preventing treatment.
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The diagnosis of HR in liver transplant recipients is normally suggested by fever 
and rapid deterioration in graft function: AST >1000, coagulopathy, acidosis, 
encephalopathy, and distributive shock. The differential diagnosis may be that of 
primary non-function/delayed function and hepatic artery thrombosis [101].

The histological features of hyperacute rejection are vascular congestion, fibrin-
platelet thrombi within capillaries, neutrophilic vasculitis with fibrinoid necrosis, 
prominent interstitial edema, and neutrophil infiltrates [98, 100].

In unsuccessful cases the only treatment is retransplantation.

4.3 Acute rejection

AR is the most common form of graft rejection. It may develop at any time 
but is most frequent during the first several months posttransplant. Rarely, it 
occurs within the first several days posttransplant, a process termed accelerated 
acute rejection, most likely a combination of amnestic immune response driven 
by sensitized memory B lymphocytes and activation of the direct allorecognition 
pathway [99].

AR may be cell mediated, antibody mediated (AMR), or very occasionally 
mixed. Histologically, AR generates an infiltration of activated T lymphocytes into 
the graft, resulting in gradually progressive endothelial damage, microvascular 
thrombosis, and parenchymal necrosis. Pathologic grading schemes have been 
developed regarding the extent to which AR involves vascular damage, cellular 
infiltration, or a combination of both [98, 99, 101].

Without intervention, AR inevitably progresses to graft loss. The clinical 
presentation of AR varies markedly, depending on the specific organ, on the level 
of immunosuppression, and on the attendant level of inflammation in the affected 
tissues.

Unless the host immune system is adequately suppressed pharmacologically, 
transplantation inevitably leads to AR.

A combination of immunosuppressive agents is typically used chronically to pre-
vent AR, including a lymphocyte antagonist (usually a calcineurin inhibitor such as 
cyclosporine or tacrolimus) and an antiproliferative agent (such as azathioprine or 
mycophenolate mofetil), with or without corticosteroids. Antilymphocyte antibody 
therapy is often added during induction of immunosuppression or for treatment of 
“steroid-resistant” AR. The most common liver transplantation regimen consists of 
two doses of a monoclonal anti-IL2 receptor (basiliximab) as induction therapy and 
dual maintenance therapy with the CNI, tacrolimus, and the antimetabolite myco-
phenolate mofetil, which lessens the incidence and severity of rejection without 
increasing infection rates [100, 101].

AR remains an important clinical problem in liver transplantation. Incidence of 
AR ranges from 30 to 80%. Various risk factors for its development are known, such 
as low concentrations of immunosuppressants, prolonged cold ischemia time, and 
young receptor [102].

The diagnosis of AR in liver transplant recipients is normally suggested by fever 
and elevated levels of transaminases, bilirubin, or alkaline phosphatase. Among 
patients with T-tube drainage (which is increasingly uncommon), the biliary drain-
age may be seen to thicken, darken, and decrease in amount. The suspicion of AR 
mandates graft biopsy and studies to eliminate other possible causes of early hepatic 
graft failure as Doppler ultrasonography and, in some cases, cholangiography 
resonance. Biopsy findings are classified, according to a standardized set of criteria, 
as mild, moderate, and severe, with clear implications for prognosis. Microscopic 
observation reveals interstitial infiltrates of lymphocytes and macrophages, arte-
ritis, fibrinoid necrosis, and thrombosis. The involvement of the blood vessels is a 
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poor sign because its usual meaning is that of an episode of rejection that will be 
refractory to treatment. Biopsy may be relatively contraindicated due to coagulopa-
thy. In some circumstances transjugular biopsy offers a solution to this problem 
(Table 3) [100–102].

The differential diagnosis may be that of sepsis or problems with vascular 
integrity.

AR is normally treated with high-dose corticosteroids, but 5–10% of cases are 
steroid resistant; such recipients are then treated with an antilymphocyte antibody 
or tacrolimus at higher levels [100].

5. Primary graft liver dysfunction

Primary graft liver dysfunction is defined as the liver dysfunction that occurs 
from the moment of liver transplantation, which is not explained by the existence 
of another etiology, neither vascular nor bile.

Although there is improvement on preservation solutions and surgical tech-
niques [103], its incidence varies from 2 to 23% in several studies. It also seems to be 
the cause of 20–30% of the retransplants. The mortality without it is close to 80%.

The clinical suspect is established during the first hours after the liver transplant 
due to the presence of hemodynamic instability, metabolic acidosis, severe coagu-
lopathy (prothrombin time >20 seconds), hypertransaminasemia (>1000 U/l), and 
encephalopathy.

When primary dysfunction does not threaten patient life immediately, it is 
known as “poor early graft function.” On those several cases whose patient dies if 
the transplantation is not done, it is known as “primary graft failure” [104].

The pathogenesis of primary graft liver dysfunction is nearly related to the 
ischemia-reperfusion injury, so there are some predisposing donor factors that 
impact on recipient outcome [105, 106]. Prophylaxis includes a thorough donor 
selection and an exhaustive ischemia time control [107–109].

These premises are very important because of the fact that retransplantation is 
the isolated efficacy treatment.

Diagnosis is encouraged by additional examinations which discard secondary 
graft dysfunction. Transhepatic cholangiography must demonstrate a perme-
able bile duct as Doppler ultrasound and arteriography must demonstrate the 
absence of vascular complications. Liver biopsy is useful to discard a hyperacute 
rejection [104].

Nowadays the shortage of available donor organs is the major limiting fac-
tor in liver transplantation. Optimal deceased donors are generally young, 
previously healthy persons who develop a fatal brain injury due to causes such 
as head trauma, intracerebral hemorrhage, or anoxia. The relative paucity of 
donor organs has led transplant centers to consider organs from marginal donors 
(Table 4) [109–113].

Aside from the marginal donors, there are other factors associated with graft 
failure (Table 5) [113].

5.1 Treatment

As we have commented, the isolated efficacy treatment is retransplant and goes 
on identifying donors and recipient factors that lead to this kind of injury as avoid-
ing large ischemic times. The proper donor maintenance at the intensive care unit is 
at most important [103, 107, 108].

Prostaglandins type E1 come be used as preventing treatment.
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6. Early infection in liver transplantation

Despite advances in liver transplantation, morbidity and mortality due to 
infectious complications remain the biggest problem [114, 115]. In many centers, 
infection is the leading cause of death after liver transplantation, particularly after 
the first year [116].. In series of autopsies, it has been announced that the infection 
was the cause of death in 64% of the 321 patients studied who died between 1982 
and 1997 [117]. Recent advances include in standardized and condoned protocols 
molecular research of viruses, demonstrating the binding between genetic poly-
morphisms of the immune response and the risk for specific infections and treat-
ment with new antibiotics, including the latest advances in C virus therapy [118].

The most common infections are bacterial (48%), followed by fungal (22%) and 
viral (12%). Some series observe an incidence of up to 1–2.5 episodes of infection 
per patient [119–121], this being the most common cause of fever in liver transplant 
recipients [122].

It is important to recognize a number of general principles [118, 123]:

1. Signs and symptoms of infection are attenuated by immunosuppression; 
therefore, the infection may be more difficult to diagnose.

2. Noninfectious causes of fever, such as rejection, medications, etc., can simulate 
an infection.

3. The variety of possible pathogens is extensive but is influenced by the timing 
of the infection in relation to transplantation.

4. Antibiotics have interactions with immunosuppressive medication.

5. The infection may be more severe and progress faster than an immunocompe-
tent host.

Marginal liver graft outcomes

• Donor age > 70 years

• Hepatitis C-positive donors

• Cold ischemia time > 12 hours

• Donations after cardiac death donors

• More than 30% steatosis

• Liver splits between two recipients

Table 4. 
Marginal liver graft outcomes.

Donor factors Recipient factors

• Hepatitis B core antibody positivity

• A mean arterial pressure lower than 60 mmHg more than 
20 minutes after life support withdrawal (after cardiac death)

• Hepatitis C virus infection

• Presence of malignancy

• Previous liver transplantation

• BMI > 30

• Non-Caucasian race

Table 5. 
Donor and recipient factors.



Liver Pathology

30

C
om

m
en

t
C

ha
ra

ct
er

is
tic

s
Li

ve
r b

io
ps

y
D

if
fe

re
nt

ia
l d

ia
gn

os
is

T
re

at
m

en
t o

pt
io

ns

H
yp

er
ac

ut
e 

re
je

ct
io

n
Ra

re
 in

 O
LT

 1–
10

 d
ay

s 
po

st
tr

an
sp

la
nt

Ra
pi

d 
de

te
rio

ra
tio

n 
in

 g
ra

ft
 fu

nc
tio

n:
 

A
ST

 >
10

00
Co

ag
ul

op
at

hy
, a

ci
do

sis

H
em

or
rh

ag
ic

 
ne

cr
os

is
Pr

im
ar

y 
no

n-
fu

nc
tio

n/
de

la
ye

d 
fu

nc
tio

n
H

ep
at

ic
 ar

te
ry

 th
ro

m
bo

sis

Re
tr

an
sp

la
nt

at
io

n
Ra

re
ly

: O
K

T3
, c

yc
lo

ph
os

ph
am

id
e,

 
pl

as
m

ap
he

re
sis

A
cu

te
 re

je
ct

io
n

30
–7

0%
 o

cc
ur

s a
t m

ea
n 

of
 

7–
9 

da
ys

O
ft

en
 cl

in
ic

al
ly

 si
le

nt
 ap

ar
t f

ro
m

 fe
ve

r 
an

d 
RU

Q
 p

ai
n

H
ig

h 
A

ST
 an

d 
bi

lir
ub

in
Co

ag
ul

at
io

n 
an

d 
ac

id
-b

as
e 

un
di

st
ur

be
d

Po
rt

al
 

in
fla

m
m

at
io

n
En

do
th

el
iit

is
Bi

le
 d

uc
t d

am
ag

e

Se
ps

is
Va

sc
ul

ar
V

ira
l

M
et

hy
lp

re
dn

iso
lo

ne
 1 

g 
da

ily
 fo

r 3
 d

ay
s

Ta
bl

e 
3.

 
A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fer
as

e;
 M

M
F,

 m
yc

op
he

no
la

te
 m

of
et

il;
 O

LT
, o

rt
ho

to
pi

c l
iv

er
 tr

an
sp

la
nt

at
io

n;
 R

U
Q

 , r
ig

ht
 u

pp
er

 q
ua

dr
an

t.

31

Early Postoperative Monitoring of the Liver Graft
DOI: http://dx.doi.org/10.5772/intechopen.89094

6. Early infection in liver transplantation

Despite advances in liver transplantation, morbidity and mortality due to 
infectious complications remain the biggest problem [114, 115]. In many centers, 
infection is the leading cause of death after liver transplantation, particularly after 
the first year [116].. In series of autopsies, it has been announced that the infection 
was the cause of death in 64% of the 321 patients studied who died between 1982 
and 1997 [117]. Recent advances include in standardized and condoned protocols 
molecular research of viruses, demonstrating the binding between genetic poly-
morphisms of the immune response and the risk for specific infections and treat-
ment with new antibiotics, including the latest advances in C virus therapy [118].

The most common infections are bacterial (48%), followed by fungal (22%) and 
viral (12%). Some series observe an incidence of up to 1–2.5 episodes of infection 
per patient [119–121], this being the most common cause of fever in liver transplant 
recipients [122].

It is important to recognize a number of general principles [118, 123]:

1. Signs and symptoms of infection are attenuated by immunosuppression; 
therefore, the infection may be more difficult to diagnose.

2. Noninfectious causes of fever, such as rejection, medications, etc., can simulate 
an infection.

3. The variety of possible pathogens is extensive but is influenced by the timing 
of the infection in relation to transplantation.

4. Antibiotics have interactions with immunosuppressive medication.

5. The infection may be more severe and progress faster than an immunocompe-
tent host.

Marginal liver graft outcomes

• Donor age > 70 years

• Hepatitis C-positive donors

• Cold ischemia time > 12 hours

• Donations after cardiac death donors

• More than 30% steatosis

• Liver splits between two recipients

Table 4. 
Marginal liver graft outcomes.

Donor factors Recipient factors

• Hepatitis B core antibody positivity

• A mean arterial pressure lower than 60 mmHg more than 
20 minutes after life support withdrawal (after cardiac death)

• Hepatitis C virus infection

• Presence of malignancy

• Previous liver transplantation

• BMI > 30

• Non-Caucasian race

Table 5. 
Donor and recipient factors.
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6. The risks of infection are determined by the balance between factors related 
to immunosuppressive treatment at full dose (dose, type, and duration of 
immunosuppressive therapy) and the existence of catheters, nutritional status, 
condition function of grafting, and the presence of underlying diseases.

Identifying risk factors before transplantation optimizes strategies to prevent 
infections. Although our ability to predict the risk of infection after transplantation 
remains limited, there are risk factors that can be modified, such as cytomegalovi-
rus (CMV) positivity and donor and receiver.

An important risk factor is the presence of a latent or unrecognized infec-
tion either from the donor or recipient. These infections can be reactivated and 
cause morbidity after the introduction of immunosuppressants. Therefore, both 
donors and recipients are routinely tested for infections such as CMV, other herpes 
viruses, tuberculosis, hepatitis B and C, syphilis, and human immunodeficiency 
virus.

Colonization of transplant recipients with organisms, such as methicillin-resis-
tant Staphylococcus aureus (MRSA) or vancomycin-resistant Enterococcus (VRE), 
can lead to infection posttransplant of these organisms. A significant prevalence of 
multiresistant gram-negative bacilli, such as expanded betalactase enterobacteria 
(BLEES) and Escherichia coli and carbapenem-resistant Klebsiella pneumoniae, has 
been observed in both the general population and solid organ transplant recipients, as 
they present risk factors for acquiring multi-resistant bacteria such as previous antibi-
otic therapy, catheter presence, exposure to the hospital environment, and presence of 
underlying diseases [124].

Other risk factors have been described, for example, those related to surgical 
complications. In a series of 101 patients, the risk factors associated with these 
infections were prolonged surgery of more than 12 hours and reoperation.

Among those related to pretransplantation were predictive infection, a serum 
value of alanine aminotransferase above 60 IU/L for all types of infections, and a 
T-helper ratio of 2.8, for fungal and viral infections [125].

Bacterial infections are seen more in those Roux-type y-procedures than with 
cholecystectomy, when there were multiple abdominal surgeries or there was a 
concomitant CMV infection in the postoperative period [126]. Graft dysfunction 
and the presence of critical pre-surgery diseases also confer an increased risk to 
acquire posttransplant infections.

The presence of CMV infection increases the risk of other infections, partly due 
to the immunomodulatory effects of this virus. Likewise, those who have rejection 
or those who have poor graft function after implantation increase the risk because 
they receive a more aggressive regimen of immunosuppressants.

The risk and type of infection found differ from the elapsed time after the 
implant and can be grouped into three major periods: first month, 1–6 months, and 
after 6 months.

Focusing on the first period or early infections, these are similar to those seen 
by an immunocompetent patient after surgery. Bacterial infections of nosocomial 
origin predominate, such as catheter infection, external drainage, or are related to 
foreign bodies, presence of necrotic tissue, or prolonged tracheal intubation [127]. 
We must also consider donor transmitted infections when there is an unexplained 
syndrome consistent with the infection.

Abdominal and lung infection are the most common, both associated with the 
presence of bacteremias [115].

Abdominal abscess and peritoneal abscess are the result of postoperative compli-
cations including gallbladder or surgical hematomas, with the predominant patho-
gens being enteric organisms [119]. Intrahepatic abscess and bile duct ischemia 
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manifest as a consequence of hepatic artery thrombosis, occurring in the immediate 
postoperative period. And cholangitis is caused by blockage of the bile tract, includ-
ing blockage of the Kher tube. Abdominal wall infections are also common.

Regarding lung infections, they are common in those who require intubations 
with prolonged mechanical ventilation. Pseudomonas aeruginosa and Enterobacter 
are most commonly grown. Other common bacteria include S. aureus, K. pneumoniae, 
Stenotrophomonas maltophilia, and Citrobacter freundii [119].

Colitis related with Clostridium difficile can occur in early periods, especially 
herethat have prolonged hospitalization. More than half of cases occur in the first 
posttransplant month. In fact, liver transplantation is identified as a risk factor 
for acquiring a C. difficile infection at the hospital due to immunosuppression and 
antibiotic treatment among other factors [128, 129].

Candida species are common pathogens identified in the first month. 
Bacteremia, surgical wounds, as well as urinary tract infection are common places 
of primary infection and can be subsequently disseminated [130]. The presence of 
esophagitis, oral cavity infection, and folliculitis is usually common. Due to the high 
mortality in candidemias, these should be treated aggressively, having to take into 
account the high incidence of Candida albicans reported in recent years.

Except for herpes simplex virus (HSV), viral infections are uncommon in the 
first month after transplantation. Without adequate prophylaxis, HSV reaction 
reaches up to 50%, in those HIV-positive patients prior to transplantation, usually 
manifesting as oral or genital ulcers.

7. Extrahepatic complications after liver transplantation

Patients undergoing a liver transplant may have long-term complications in 
different devices and systems. The most common are infections, de novo tumors, 
cardiovascular disease (including high blood pressure, hyperlipidemia, obesity, and 
metabolic syndrome), kidney disease, and diabetes.

These complications usually have a more or less direct relationship with the 
need for immunosuppressive drugs after implantation to prevent rejection of 
the implant. The use of high doses of corticosteroids for a long period promotes 
the onset of diabetes and increases the risk of cardiovascular disease, while the 
rest of immunosuppressants are associated with more common long-term com-
plications, the appearance of tumors, cardiovascular disease, and kidney failure.

The management of these pathologies does not differ from that received by 
patients not undergoing a transplant, so they can be detected and treated by differ-
ent specialists, having direct communication with the hepatologists for the adjust-
ment of medication in the different complications.

Next, we will further develop each of them.

7.1 De novo tumors

The incidence of de novo tumors is three times higher in liver transplant recipi-
ents than the rest of the population, making the first or second leading cause of 
long-term death in the liver implant patient (frequency varies according to the 
different series) [131].

The most commonly developed tumor is the skin epithelioma, directly related to 
sun exposure. Other de novo tumors associated with prolonged immunosuppressive 
treatment in liver transplants include non-Hodgkin lymphoma, Kaposi lymphoma, 
and oropharyngeal, bladder, cervix, and lung cancers, 10–20% at 10 years of 
transplantation.
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6. The risks of infection are determined by the balance between factors related 
to immunosuppressive treatment at full dose (dose, type, and duration of 
immunosuppressive therapy) and the existence of catheters, nutritional status, 
condition function of grafting, and the presence of underlying diseases.

Identifying risk factors before transplantation optimizes strategies to prevent 
infections. Although our ability to predict the risk of infection after transplantation 
remains limited, there are risk factors that can be modified, such as cytomegalovi-
rus (CMV) positivity and donor and receiver.

An important risk factor is the presence of a latent or unrecognized infec-
tion either from the donor or recipient. These infections can be reactivated and 
cause morbidity after the introduction of immunosuppressants. Therefore, both 
donors and recipients are routinely tested for infections such as CMV, other herpes 
viruses, tuberculosis, hepatitis B and C, syphilis, and human immunodeficiency 
virus.

Colonization of transplant recipients with organisms, such as methicillin-resis-
tant Staphylococcus aureus (MRSA) or vancomycin-resistant Enterococcus (VRE), 
can lead to infection posttransplant of these organisms. A significant prevalence of 
multiresistant gram-negative bacilli, such as expanded betalactase enterobacteria 
(BLEES) and Escherichia coli and carbapenem-resistant Klebsiella pneumoniae, has 
been observed in both the general population and solid organ transplant recipients, as 
they present risk factors for acquiring multi-resistant bacteria such as previous antibi-
otic therapy, catheter presence, exposure to the hospital environment, and presence of 
underlying diseases [124].

Other risk factors have been described, for example, those related to surgical 
complications. In a series of 101 patients, the risk factors associated with these 
infections were prolonged surgery of more than 12 hours and reoperation.

Among those related to pretransplantation were predictive infection, a serum 
value of alanine aminotransferase above 60 IU/L for all types of infections, and a 
T-helper ratio of 2.8, for fungal and viral infections [125].

Bacterial infections are seen more in those Roux-type y-procedures than with 
cholecystectomy, when there were multiple abdominal surgeries or there was a 
concomitant CMV infection in the postoperative period [126]. Graft dysfunction 
and the presence of critical pre-surgery diseases also confer an increased risk to 
acquire posttransplant infections.

The presence of CMV infection increases the risk of other infections, partly due 
to the immunomodulatory effects of this virus. Likewise, those who have rejection 
or those who have poor graft function after implantation increase the risk because 
they receive a more aggressive regimen of immunosuppressants.

The risk and type of infection found differ from the elapsed time after the 
implant and can be grouped into three major periods: first month, 1–6 months, and 
after 6 months.

Focusing on the first period or early infections, these are similar to those seen 
by an immunocompetent patient after surgery. Bacterial infections of nosocomial 
origin predominate, such as catheter infection, external drainage, or are related to 
foreign bodies, presence of necrotic tissue, or prolonged tracheal intubation [127]. 
We must also consider donor transmitted infections when there is an unexplained 
syndrome consistent with the infection.

Abdominal and lung infection are the most common, both associated with the 
presence of bacteremias [115].

Abdominal abscess and peritoneal abscess are the result of postoperative compli-
cations including gallbladder or surgical hematomas, with the predominant patho-
gens being enteric organisms [119]. Intrahepatic abscess and bile duct ischemia 
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manifest as a consequence of hepatic artery thrombosis, occurring in the immediate 
postoperative period. And cholangitis is caused by blockage of the bile tract, includ-
ing blockage of the Kher tube. Abdominal wall infections are also common.

Regarding lung infections, they are common in those who require intubations 
with prolonged mechanical ventilation. Pseudomonas aeruginosa and Enterobacter 
are most commonly grown. Other common bacteria include S. aureus, K. pneumoniae, 
Stenotrophomonas maltophilia, and Citrobacter freundii [119].

Colitis related with Clostridium difficile can occur in early periods, especially 
herethat have prolonged hospitalization. More than half of cases occur in the first 
posttransplant month. In fact, liver transplantation is identified as a risk factor 
for acquiring a C. difficile infection at the hospital due to immunosuppression and 
antibiotic treatment among other factors [128, 129].

Candida species are common pathogens identified in the first month. 
Bacteremia, surgical wounds, as well as urinary tract infection are common places 
of primary infection and can be subsequently disseminated [130]. The presence of 
esophagitis, oral cavity infection, and folliculitis is usually common. Due to the high 
mortality in candidemias, these should be treated aggressively, having to take into 
account the high incidence of Candida albicans reported in recent years.

Except for herpes simplex virus (HSV), viral infections are uncommon in the 
first month after transplantation. Without adequate prophylaxis, HSV reaction 
reaches up to 50%, in those HIV-positive patients prior to transplantation, usually 
manifesting as oral or genital ulcers.

7. Extrahepatic complications after liver transplantation

Patients undergoing a liver transplant may have long-term complications in 
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These complications usually have a more or less direct relationship with the 
need for immunosuppressive drugs after implantation to prevent rejection of 
the implant. The use of high doses of corticosteroids for a long period promotes 
the onset of diabetes and increases the risk of cardiovascular disease, while the 
rest of immunosuppressants are associated with more common long-term com-
plications, the appearance of tumors, cardiovascular disease, and kidney failure.

The management of these pathologies does not differ from that received by 
patients not undergoing a transplant, so they can be detected and treated by differ-
ent specialists, having direct communication with the hepatologists for the adjust-
ment of medication in the different complications.
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7.1 De novo tumors

The incidence of de novo tumors is three times higher in liver transplant recipi-
ents than the rest of the population, making the first or second leading cause of 
long-term death in the liver implant patient (frequency varies according to the 
different series) [131].

The most commonly developed tumor is the skin epithelioma, directly related to 
sun exposure. Other de novo tumors associated with prolonged immunosuppressive 
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However, the incidence of breast, prostate, or colon tumors has not been 
increased with respect to the incidence in the general population, except if the eti-
ology of transplantation has been led to primary sclerosing cholangitis associated 
with ulcerative colitis, in which case the incidence of colon neoplasm increases.

The flattering factors do not differ from the rest of the population, but we must 
make special impact on primary and secondary prevention in this type of patients, 
given the situation of immunosuppression. That is why we must make special focus 
on the prevention of smoking habit, safe sex, and, of course, alcohol withdrawal.

7.2 Cardiovascular disease

Liver transplant recipients have a frequency three times higher than the general 
population suffering from a major cardiovascular event, considering in this group 
coronary heart disease, heart failure, sudden death, vascular brain accident, or severe 
occlusive peripheral artery disease. So the likelihood of suffering a cardiovascular 
event increases over the years, being 5% in the first 2 years posttransplant, 15% 
at 10 years after transplantation, and greater than 20% more than 10 years post-
transplant. It is considered to be the second or first cause of death in liver transplants 
according to the different series. This increase in incidence, in addition to immunosup-
pressive treatment, has been associated with increased cardiovascular risk factors over 
time, especially metabolic syndrome (HTA, obesity, and dyslipidemia) and diabetes.

Other habits that contribute to the development of cardiovascular disease are 
smoking and alcohol intake [130].

7.3 Metabolic syndrome

It is defined by the onset of diabetes, dyslipidemias, obesity, and HTA. Up to 
50–60% of patients undergoing HT will develop metabolic syndrome [132].

7.3.1 HTA

The incidence of HTA in liver transplant patients is related, in particular, to the 
vasoconstrictor effect of calcineurin inhibitors and to the mineralocorticoid effect 
of corticosteroids. It usually occurs in 40–60% of patients in the late period of liver 
transplantation.

We consider optimal voltage figures between 130 and 80 mmHg of systolic and 
diastolic blood pressure, respectively, being a little more restrictive than with the 
limits set for the general population (140 and 90 mmHg), adopting the same estab-
lished limits as for diabetic patients with renal impairment. We must be restric-
tive in terms of these figures, always maintaining lower levels in liver transplant 
patients.

We should avoid drugs such as NSAIDs as soon as possible, as in patients treated 
with calcineurin inhibitors tend to increase blood pressure levels.

Patients treated with calcineurin inhibitors should receive their antihypertensive 
treatment late in the afternoon or evening, as these drugs have a nightly blood pres-
sure rhythm, and therefore most of them we found at night. If, however, we cannot 
decrease tension levels, one might consider reducing the dose of these immunosup-
pressants [133, 134].

7.3.2 Obesity

Approximately 30% of TH receptors will develop obesity (BMI greater than 30). 
This is due to the increase in sedentariness due to the situation of pretransplant 
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disease, the corticoid treatment, the release of restrictive diets once transplanted, 
and the decrease of physical exercise. The treatment is the same as in any non-
immunocompromised patient: physical exercise and low-calorie diets. If necessary, 
lipase inhibitors could be administered as adjuvant drugs in weight loss; in which 
case, it would be necessary to monitor immunosuppressant levels more thoroughly 
to prevent possible interactions that decrease their absorption [132].

7.3.3 Dyslipidemias

The administration of immunosuppressants such as calcineurin inhibitors, 
mTOR inhibitors, and corticosteroids, independently or in addition to each 
patient’s genetic predisposition, may contribute to rising levels of plasma cho-
lesterol and triglycerides, with increased LDL and decreased HDL, resulting in 
hypercholesterolemia and hypertriglyceridemia in up to 40% liver transplant 
recipients. The treatment is using hypolipidizing drugs (statins and fibrates) 
and diet, as in the rest of the population. Keep in mind that patients who take 
cyclosporine and need treatment with statin are at higher risk of developing severe 
myopathy [132].

7.3.4 Diabetes

It has an incidence between 20 and 35% development in transplant patients. 
Factors that contribute to its emergence are advanced age, obesity, existing 
pretransplant diabetes, immunosuppressants with diabetic effects, especially 
tacrolimus, the development of insulin resistance of corticosteroids, and the insulin 
secretion deficit of calcineurin inhibitors.

Treatment is based on insulin and oral antidiabetics, although most patients 
with HT will need insulin because of the lower efficacy of ADOs, with the highest 
insulin needs being in the morning and noon in those patients with corticosteroids, 
since the pattern is usually in the morning [132].

7.4 Chronic renal failure

The incidence of renal impairment in liver transplant patients is 50–70% higher 
[135]. The most directly related cause is treatment with calcineurin inhibitors, due 
to its nephrotoxic effect, although factors such as HTA, diabetes, or other infec-
tions that secondarily affect the correct kidney filtration, such as HCV infection, 
may also contribute. Of these patients treated with calcineurin inhibitors, 10% will 
develop a chronic end-stage renal disease (glomerular filter age less than 30 ml/
min/1.73 m2), in need of hemodialysis therapy or even renal transplantation in 
1–2% of cases. This percentage, fortunately, has been declining in recent years 
coinciding with the lower use of this family of immunosuppressants. Clearly, 
for patients who develop renal impairment, we must readjust immunosuppres-
sive treatment, reducing the dose of calcineurin inhibitors or substitutes or other 
non-nephrotoxic immunosuppressants such as inhibitors mTOR or mycophenolate. 
Similarly, the use of nonsteroidal anti-inflammatory drugs and all drugs that may 
contribute to worsening kidney function will be avoided [135].

7.5 Other complications

Apart from the most important complications in both frequency and clinical 
impact, liver transplant recipients may develop other types of related complications 
in whole or in total or with the intake of immunosuppressive drugs. In this way, 
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patients taking calcineurin inhibitors may develop neurological problems, espe-
cially headache, migraine, insomnia tremor, and paresthesia.

Corticoids: Ostearticular pathology, especially osteoporosis (50%), Cushingoid 
facies, alteration in body fat distribution, hirsutism.

Mycophenolate: diarrhea and vomiting, especially with mofetil mycophenolate, 
less common with sodium mycophenolate, bone marrow depression also favored by 
concomitant administration of interferon for any other reason.

mTOR inhibitors: bone marrow depression, respiratory problems such as 
pulmonary fibrosis and organizational pneumonia, difficulty healing wounds.

And all of them can lead to more or less sexual dysfunction.
So it is necessary to do a complete scan and anamnesis to be able to detect these 

side effects and assess modification of pattern or replacement of it [133, 134].

7.6 Survival

Annual mortality after the first year after liver transplantation is 2–3% per year, 
higher than in the general population of the same age and gender. The principal 
causes of death are cardiovascular diseases, appearance of novo tumors, and relapse 
of hepatitis C [136–139].

The quality of life posttransplantation is not fully satisfactory although it is 
better than the quality of pretransplant life. Only a percentage of lower patients 
presents a quality of life lower than the general population, about everything in 
aspects related with the function staff on paper partner-work family.

8. Conclusions

LT is nowadays a common surgical technique in many hospitals and is undoubt-
edly the most definitive treatment for end-stage liver disease. Early monitoring and 
a correct treatment of this kind of patients at the ICU are of utmost importance. 
The success lies in early detection and treating of complications by using the proper 
diagnostic and medical or surgical techniques that all intensivists need to know and 
manage. All the surgical and medical team need to deploy their best competencies 
to save the graft and the patient’s life.
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Chapter 3

Stroke and Liver Cirrhosis: A Brief 
Review of Current Evidence
Kexin Zheng, Xiaozhong Guo, Xinhong Wang and Xingshun Qi

Abstract

Stroke and liver cirrhosis are common in our everyday clinical practice, both of 
which can lead to serious complications. Their association is unclear. In this chapter, 
we briefly summarized the epidemiology of liver cirrhosis in stroke, reviewed the 
current evidence regarding the association between liver cirrhosis and stroke, and 
discussed the potential mechanisms for explaining such an association, such as 
coagulopathy, hypoperfusion, cardiac diseases, diabetes, and dyslipidemia.

Keywords: liver cirrhosis, stroke, review, mechanisms, epidemiology

1. Introduction

Stroke and liver cirrhosis are two leading causes of death worldwide [1]. Patients 
with liver cirrhosis often have coagulopathy, hypoperfusion, cardiac diseases, 
diabetes, and dyslipidemia, which are associated with the development of stroke. 
Recent evidence also suggests a higher risk of stroke in liver cirrhosis. In the present 
chapter, we reviewed the current evidence regarding epidemiology of stroke in liver 
cirrhosis, association of stroke with liver cirrhosis, and their potential mechanisms.

2. Stroke

Stroke is the second leading cause of death and disability worldwide, which is 
defined as an acute episode of focal dysfunction of the brain, retina, or spinal cord 
[2]. It is often divided into hemorrhagic and ischemic stroke. Hemorrhagic and 
ischemic stroke leads to 2978 and 3348 thousands people dying until 2015, respec-
tively [1]. Over two thirds of stroke-related deaths occur in developing countries 
in the world [3], especially in low-income and middle-income countries [4]. 
Burden of stroke in Asia is heavier than Europe or North America [5]. Patients with 
stroke are more susceptible to suffer systemic complications, including cardiac, 
pulmonary, gastrointestinal, genitourinary, musculoskeletal, and neuropsychiatric 
systems, venous thromboembolism, and so on [6, 7]. Prognosis of stroke is poor. 
About 20–30% of patients died 6 months after stroke, 20–30% had moderate to 
severe disability, and 20–25% had mild to moderate disability [8]. Traditional risk 
factors of stroke are hypertension, decreased physical activity, increased ratio of 
lipoprotein (Apo)B/ApoA1 and waist-to-hip, unhealthy diet, depression status, 
smoking, cardiac disease, alcohol intake, and diabetes mellitus [4, 9]. Additionally, 
our clinical practice suggested that acute upper gastrointestinal bleeding would lead 
to stroke [10]. Several possible explanations are as follows. First, massive blood loss 
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Figure 1. 
The association between liver cirrhosis and hemorrhagic stroke.

leads to reduced blood supply to the brain secondary to cerebral vessel vasoconstric-
tion. Second, massive blood loss sometimes leads to reactive thrombocytosis [11], 
thereby resulting in potential hypercoagulability. Third, hemocoagulase is occasion-
ally employed for the treatment of gastrointestinal bleeding, which could reduce 
fibrinogen concentration [12]. Fourth, blood transfusion is an important treatment 
of upper gastrointestinal bleeding [13], but the ischemia reperfusion injury of brain 
cannot be ignored.

3. Liver cirrhosis

Liver cirrhosis is an end stage of liver disease [14]. Histologically, it is character-
ized by diffuse fibrosis within hepatic tissue, false lobular formation, and regenera-
tive nodules [14, 15]. It is the 17th cause of death globally [16], and the mortality has 
increased steadily over the past 30 years, especially in Central Asia, North Africa, 
and the Middle East [17]. The major causes of liver cirrhosis are chronic hepatitis B 
virus (HBV) and hepatitis C virus (HCV) infection, alcoholism, nonalcoholic ste-
atohepatitis (NASH), drug abuse, and cholestasis [18–20]. The major complications 
are variceal hemorrhage [21], ascites [22], cirrhotic cardiomyopathy [23], hepatic 
encephalopathy [24], hepatocellular carcinoma [25, 26], portal vein thrombosis 
[27], and other common venous thromboembolism [28]. Up-to-date concept sug-
gests a tendency towards both bleeding and thrombotic events in cirrhotic patients 
due to decreased levels of both procoagulant and anticoagulant factors [29, 30].

4. Association between stroke and liver cirrhosis

Overall, it remains unclear about whether liver cirrhosis increases or reduces the 
risk of ischemic stroke. A majority of studies [31–35] indicated an obviously higher 
risk of overall, ischemic, and/or hemorrhagic stroke after adjusting the covariates 
in cirrhotic patients than non-cirrhotic patients. By contrast, another two studies 
by Chen [36] and Solaymani-Dodaran [37] suggested the protective role of liver cir-
rhosis in the development of ischemic stroke. Heterogeneous results regarding this 
association among the studies might be attributed to the selection of patients. The 
characteristics of study population were different. Studies by Chen and Solaymani-
Dodaran et al. focused on patients with nonalcoholic cirrhosis and primary biliary 
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cirrhosis, respectively. By comparison, the study population had unspecified liver 
cirrhosis in other studies. The association between liver cirrhosis and stroke was 
outlined according to the evidence from abovementioned studies (Figures 1 and 2).

5. Incidence/prevalence of stroke in liver cirrhosis

Regardless of the type of stroke, the prevalence of stroke was from 2.06 to 
53.81% [36–49] (Figure 3). Several subgroup populations should be further 
reported.

First, the prevalence of hemorrhagic stroke in liver cirrhosis seemed to be higher 
than that of ischemic stroke. The prevalence of hemorrhagic stroke was from 0.80 
to 34.33% [34–36, 50–56] (Figure 4).

The prevalence of ischemic stroke was from 0.85 to 6.55% [34, 36, 57, 58] 
(Figure 5).

Second, the annual incidence of ischemic stroke in cirrhotic patients with atrial 
fibrillation was 1.2% [59]. The prevalence of stroke in cirrhotic patients with atrial 
fibrillation was 53.81 and 34.58% in the studies by Kuo [38] and Lee [44], respec-
tively. This figure is significantly higher than that reported by studies including 
unclassified cirrhotic patients without atrial fibrillation.

Figure 2. 
The association between liver cirrhosis and ischemic stroke.

Figure 3. 
The prevalence of stroke in liver cirrhosis.
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Figure 5. 
The prevalence of ischemic stroke in liver cirrhosis.

Third, the annual incidence of aneurysmal subarachnoid hemorrhage (SAH) in 
cirrhotic patients was 0.11% [31].

6.  Potential mechanisms for the association between stroke and liver 
cirrhosis

There are several potential mechanisms for explaining the association between 
stroke and liver cirrhosis.

6.1 Coagulopathy

Coagulation and anticoagulation factors maintain a dynamic balance to prevent 
from the development of thrombosis and hemorrhage in healthy population [60]. 
By comparison, coagulopathy is frequently observed in cirrhotic patients [61] 
due to an imbalance between coagulation and anticoagulation factors [62]. First, 
clotting factors are often decreased in cirrhotic patients [63] and in parallel to the 

Figure 4. 
The prevalence of hemorrhagic stroke in liver cirrhosis.
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progression of liver disease [64]. Second, the mean lifetime of platelet is shortened 
and thrombopoietin production is decreased [65]. Thrombocytopenia is also caused 
by hypersplenism, antiplatelet autoantibodies, toxic effects of excessive alcohol 
intake, and treatment with interferon [65, 66]. Third, a hypercoagulable status has 
been recognized in advanced cirrhosis due to increased levels of factor VIII and 
decreased levels of protein C [64]. Therefore, both hemorrhage and thrombosis can 
develop in cirrhotic patients.

6.2 Hypoperfusion

Hypoperfusion is often observed in liver cirrhosis. First, ascites is a common 
clinical sign in cirrhotic patients due to liver dysfunction and portal hypertension 
[67], in which lots of capillary fluids leak into abdominal cavity. Second, serum 
albumin level is often decreased in liver cirrhosis, which can decrease intravascular 
osmotic pressure [68]. Third, massive gastrointestinal bleeding secondary to gastro-
esophageal variceal rupture is a common complication of liver cirrhosis, leading to 
the hypoperfusion of various organs [21]. Fourth, there is a hyperdynamic circula-
tion status in cirrhotic patients, which is characterized by arterial hypotension, high 
cardiac output, and low peripheral vascular resistance [69, 70].

6.3 Cardiac diseases

Cirrhotic patients often present with cirrhotic cardiomyopathy defined as 
cardiac systolic and/or diastolic dysfunction in the absence of previous history of 
heart disease [23]. Additionally, cardiac arrhythmias, especially atrial fibrillation, 
have been increasingly recognized in patients with chronic liver diseases [71, 72]. A 
nationwide population-based study suggests an increased risk of atrial fibrillation 
development in cirrhosis [73].

6.4 Diabetes

Up to 70% of cirrhotic patients develop diabetes or impaired glucose tolerance 
[74]. Evidence also suggests an association of hepatogeneous diabetes with higher 
portal pressure and increased risk of hepatocellular carcinoma, hepatic encepha-
lopathy, and mortality in cirrhosis [75]. Several potential mechanisms of hepatoge-
neous diabetes include [1] reduced insulin clearance and hyperinsulinemia [76], [2] 
beta cell failure and reduced insulin secretion [77], and [3] increased secretion from 
alpha cells and hyperglucagonemia [75].

6.5 Dyslipidemia

Liver plays a key role in the synthesis, decomposition, and digestion of lipids, 
and dyslipidemia is found in patients with impaired liver function. Triglycerides, 
the ratio of triglycerides to high-density lipoprotein, and the ratio of apolipoprotein 
B to apolipoprotein A1 increase in cirrhotic patients [78, 79].

7. Conclusions

Patients with liver cirrhosis might have an increased risk of stroke probably 
due to their concomitant high-risk factors, such as coagulopathy, hypoperfusion, 
cardiac diseases, diabetes, and dyslipidemia. Once a patient was diagnosed with 
liver cirrhosis, the management of stroke should be initiated.
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Abstract

Liver disease resulting from heart disease has generally been referred as “cardiac 
hepatopathy.” The two main forms of cardiac hepatopathy are acute cardiogenic liver 
injury (ACLI) and congestive hepatopathy (CH). ACLI most commonly occurs in the 
setting of acute cardiocirculatory failure, whereas CH results from passive venous 
congestion in the setting of chronic right-sided heart failure (HF). Both conditions 
often coexist and potentiate the deleterious effects of each other on the liver. In CH, 
the chronic passive congestion leads to sinusoidal hypertension, centrilobular fibro-
sis, and ultimately, cirrhosis (“cardiac cirrhosis”) and hepatocellular carcinoma. The 
differentiation between congestion and fibrosis currently represents an unmet need 
and a growing research area. Although cardiac cirrhosis may only arise after several 
decades of ongoing injury, the long-term survival of cardiac patients due to advances 
in medical and surgical treatments is responsible for the increased number of liver 
complications in this setting. Eventually, the liver disease could become as clinically 
relevant as the cardiac disease and further complicate its management.

Keywords: cirrhosis, portal hypertension, heart failure, heart transplantation, 
hepatitis

1. Introduction

Heart failure (HF) is a systemic clinical syndrome with typical symptoms and signs 
(e.g., dyspnea, paroxysmal nocturnal dyspnea, orthopnea, elevated jugular venous 
pressure, and peripheral edema) caused by a structural and/or functional cardiac 
abnormality, resulting in reduced cardiac output and/or elevated intracardiac pres-
sures. It is a major public health problem with an estimated prevalence of 1–2% of the 
adult population in the developed countries, rising to ≥10% among people >70 years 
of age [1]. Although much of the research on its systemic interactions has focused on 
the so-called cardio-renal syndrome, cardio-hepatic interactions are arousing great 
interest in recent years [2]. These cardio-hepatic interactions have been classified into 
three groups according to the role of each organ as culprit or victim of the other [3, 4]: 
(1) liver disease resulting from heart disease; (2) heart disease resulting from liver 
disease (e.g., cirrhotic cardiomyopathy); and (3) systemic diseases that affect both the 
heart and the liver (e.g., systemic amyloidosis).

This chapter seeks to make a comprehensive review of the first group: liver 
disease resulting from heart disease. This type of liver disease has generally been 
referred as “cardiac hepatopathy,” although there is still no consensus on terminol-
ogy [5, 6]. The two main forms of cardiac hepatopathy are acute cardiogenic liver 
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injury (ACLI) and congestive hepatopathy (CH). ACLI most commonly occurs 
in the setting of acute cardiocirculatory failure, whereas CH results from passive 
venous congestion in the setting of chronic right-sided HF. Both conditions often 
coexist and potentiate the deleterious effects of each other on the liver [5–7]. In the 
following pages, we aim to describe their pathophysiology, clinical features, diagno-
sis, and treatment.

2. Hepatic circulation

The liver receives a dual blood supply from the hepatic artery and portal vein. 
The former delivers well-oxygenated blood and comprises approximately 25% of 
total hepatic blood flow, whereas the remaining 75% is deoxygenated blood sup-
plied by the portal vein. The total hepatic blood flow ranges from 800 to 1200 ml/
min, representing up to 25% of the total cardiac output [7]. As a highly vascular 
organ, it is sensitive to hemodynamic changes but resilient to ischemic damage 
through its robust vascular mechanisms of defense [3]. The hepatic artery buf-
fer response is one of such mechanisms whereby decreased portal flow instigates 
compensatory up-regulation of hepatic arterial flow. It is estimated that it may 
be capable of compensating for up to a 60% decrease in portal flow [3, 7, 8]. The 
signaling pathway for this response is local, with the reduction of portal flow 
resulting in an increase in concentration of the vasodilator adenosine [9]. Unlike the 
hepatic artery, the portal vein does not have the ability to autoregulate its flow and 
is dependent on cardiac output and the gradient between portal and hepatic venous 
pressures [7, 8]. The high permeability of sinusoids represents a second mechanism 
of defense against hypoxia. It favors oxygen diffusion to the hepatocytes, increasing 
oxygen extraction to levels near 90%. It prevents any change in liver oxygen con-
sumption despite decreases in liver blood flow up to half of its normal. It must be 
highlighted that this remarkable ability is exclusive to the liver [7, 10, 11].

By contrast, the protective mechanisms against congestion are less developed 
and mainly rely on the highly connected sinusoidal network to relieve the increase 
in pressure. This elevated pressure hits the sinusoidal bed without attenuation since 
the hepatic veins lack valves [6]. As will be explained in greater detail below, the 
pre-existing hepatic congestion predisposes the liver to hypoxic injury under any 
acute event resulting in reduced hepatic blood flow [7, 12].

3. Acute cardiogenic liver injury (ACLI)

ACLI has also been referred to as ischemic hepatitis, shock liver, or hypoxic hepa-
titis in medical literature. These terms reflect the long-standing debate regarding its 
pathogenesis [7]. In 1901, F.B. Mallory (of Mallory-Denk body fame) first described 
the typical pattern of centrilobular liver necrosis (CLN) characteristic of this entity 
based on a series of autopsies in Boston. He proposed a toxic theory whereby liver 
damage was secondary to toxins released by bacteria into the circulation [13]. This 
theory was soon challenged by Lambert and Allison who found no proof of bacterial 
infection in a series of 112 patients deceased from congestive HF, 30% of whom had 
CLN [14]. They then proposed passive congestion as its prime etiological factor, and 
this “congestion theory” prevailed for more than 50 years. The emergence of transami-
nases measurement in the early 1950s revealed the massive increase of these enzymes 
that come in parallel with CLN. The association between shock, CLN, and significant 
rise in transaminases found by different studies led some investigators to propose liver 
ischemia as the sole factor responsible for liver cell necrosis [15–18]. It was then that 
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the terms “shock liver” and “ischemic hepatitis” were introduced by Birgens et al. [19] 
and Bynum et al. [20], respectively. Hence, by the late 1970s, the “ischemic” theory 
had replaced the “congestion” theory and remained unquestioned until 1990. In this 
year, Henrion et al. reported the first prospective series with hemodynamic data of 
45 episodes of ischemic hepatitis. They observed that a shock state was only present 
in 47% of the episodes and proposed renaming this liver injury “hypoxic hepatitis” as 
hypoxia from a variety of etiologies (e.g., sepsis and respiratory failure) was present 
in all cases [21]. These findings were later confirmed by the final report from the same 
authors including 142 episodes [22] and by the series of 322 cases of ischemic hepatitis 
published later by Birrer et al. [23]. Thus, the term hypoxic hepatitis together with 
ACLI is currently used to name this entity. Some authors believe that ACLI provides 
more details about the underlying pathophysiological process as an acute cardiac event 
in a patient with an underlying congestive liver represents the most common clinical 
scenario [2, 5, 24, 25].

3.1 Epidemiology

The prevalence of ACLI among patients admitted to hospital varies greatly 
depending on the severity of illness. Indeed, in a recent meta-analysis of 1782 
cases, ACLI was present in two every 1000 patients for all levels of hospital care but 
increased to 2.5 out of every 100 patients in intensive care units (ICUs) [26]. Studies 
including very critically ill patients have described maximum figures ranging from 
11.9 to 21.9% [27–29]. Although previously debated [7], recent series indicate 
that the presence of a primary liver disease also increases the risk of ACLI. In a 
nationwide study including patients with hemodynamic instability, Waseem et al. 
observed a prevalence of acute liver injury of 22% in patients with underlying liver 
disease compared to only 3% in those without baseline hepatopathy [30].

These variations in frequency of ACLI not only respond to the severity of illness 
or the presence of a primary liver disease, as sometimes the diagnosis is overlooked 
clinically and variable cutoffs of transaminases are an important determinant of 
prevalence. Thus, in the previous meta-analysis, different liver enzyme cutoffs were 
used among studies as inclusion criteria, and the highest frequency of ACLI was 
among patients with increased serum aminotransferases above 1000 IU/L, where 
the prevalence reached 57% [26]. Therefore, current prevalence rates of ACLI might 
be underestimated [7, 12].

3.2 Pathophysiology

Liver damage in ACLI is the result of several mechanisms: passive congestion 
reduced hepatic blood flow, total body hypoxemia, inability to utilize oxygen, and 
ischemia/reperfusion injury. Necrosis, rather than apoptosis, is the main mode 
of death due to these mechanisms [31]. Although frequently multifactorial, the 
predominating mechanism of damage can be different depending on the underlying 
condition [7, 12]. In this regard, the most frequent diseases leading to ACLI are HF, 
respiratory failure, and septic shock, accounting for more than 90% of cases [7]. 
These diseases often coexist and lead to ACLI. Hence, Fuhrmann et al. identified 
more than one disease contributing to ACLI in 74% of their study population [27].

As mentioned previously, HF represents the main underlying condition in 
ACLI. The proportion of ACLI cases due to HF published in the literature ranges from 
39 to 78% [7, 12, 22, 23, 26–28]. In this condition, the main mechanisms involved in 
the development of ACLI are passive congestion and ischemia of the liver. Indeed, 
in this scenario, ACLI is believed to reflect the extreme of a spectrum of liver injury 
that begins with passive hepatic congestion since the vast majority of patients have 
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of death due to these mechanisms [31]. Although frequently multifactorial, the 
predominating mechanism of damage can be different depending on the underlying 
condition [7, 12]. In this regard, the most frequent diseases leading to ACLI are HF, 
respiratory failure, and septic shock, accounting for more than 90% of cases [7]. 
These diseases often coexist and lead to ACLI. Hence, Fuhrmann et al. identified 
more than one disease contributing to ACLI in 74% of their study population [27].

As mentioned previously, HF represents the main underlying condition in 
ACLI. The proportion of ACLI cases due to HF published in the literature ranges from 
39 to 78% [7, 12, 22, 23, 26–28]. In this condition, the main mechanisms involved in 
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markedly elevated cardiac filling pressures [17, 22, 26, 32, 33]. Thus, several studies 
have shown how, despite similar hemodynamic derangements, only those with a 
pre-existing congestive liver developed ACLI [23, 29, 33]. This crucial role of passive 
congestion of the liver justifies the rare occurrence of ACLI in hemorrhagic or hypovo-
lemic shock [7]. Most importantly, Seeto et al. showed that 15–20 minutes of hypoten-
sion is sufficient to provoke ACLI [33]. This explains why hemodynamic instability is 
not systematically observed, since such a brief period can easily be unrecognized.

Respiratory failure accounts for approximately 15% of ACLI cases [7]. Severe 
hypoxemia resulting from an exacerbation of chronic respiratory disease is the main 
mechanism leading to ACLI. Very low levels of arterial pressure in oxygen (i.e., 
under 40 mmHg) are commonly observed, as well as the coexistence of hepatic 
venous congestion. In this setting, cardiac output and hepatic blood flow are normal 
or even increased [22, 23].

Septic shock is the cause of ACLI in 15–30% of cases. The prime factor leading 
to hypoxia is both the increased demands of oxygen and the decreased ability of 
hepatocytes to utilize oxygen [7]. It has been postulated that inflammatory media-
tors and endotoxins may be behind this abnormal oxygen utilization [7, 34, 35]. 
Although at the initial phases of septic shock hepatic blood flow is increased, the 
progression from high to low cardiac output may occur rapidly and aggravate the 
hypoxic damage [12].

While the previously described mechanisms induced ACLI by causing liver 
hypoxia, it has been postulated that re-oxygenation is also required [7, 12]. Several 
observations support this role of ischemia/reperfusion injury in ACLI: (1) it has been 
described that liver cell necrosis occurs at the time of reperfusion not ischemia [7]; (2) 
the incidence and severity of CLN correlate with the duration of shock. In fulminant 
and refractory cardiogenic shock (median duration of shock was 3 hours), CLN was 
only observed in a minority of patients and was mild [21, 29], whereas earlier studies 
showed how the longer the period of shock the greater the severity and frequency of 
CLN [36, 37]. One explanation of these findings is that long-lasting shocks probably 
harbor transient periods of hemodynamic stability and re-oxygenation that can cause 
ischemia/reperfusion injury and subsequently induce ACLI. (3) In a minority of ACLI 
cases, liver necrosis is limited to the mediolobular zone and spares the centrilobular 
zone [38–40]. Henrion et al. postulated that this atypical histological pattern could be 
due to an incomplete liver reperfusion prior to death that only reached periportal and 
mediolobular liver cells. Hence, periportal and centrilobular cells would have survived, 
the former because of oxygen delivery remained sufficient, and the latter because of 
the absence of reperfusion injury. Mediolobular hepatocytes, on the other hand, would 
have been destroyed due to ischemia/reperfusion injury [7].

3.3 Clinical presentation and diagnosis

The majority of ACLI cases occur in elderly men (i.e., 65–70 years) with conges-
tive HF that has deteriorated over the past few days. It must be highlighted that a 
shock state is far from being a constant feature as is observed in around half of the 
cases. Moreover, the cardiac component may not be apparent at first evaluation as 
usual signs of HF, such as painful hepatomegaly, ankle edema, or hepatojugular 
reflux, are frequently lacking. Therefore, the diagnosis of ACLI cannot be rejected 
because of the absence of shock and of signs of HF, and in case of uncertainty, a 
cardiac evaluation is warranted [6, 7]. Symptoms due to ACLI are often absent or 
resemble those from acute viral hepatitis [24], and more commonly, the clinical 
picture is dominated by symptoms of the underlying conditions. Overt jaundice is 
absent at admission, and encephalopathy can develop but is usually the result of 
hemodynamic instability and hypoxia, rather than liver failure [7, 12].
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Laboratory tests show a substantial and rapid increase in aminotransferases and 
lactate dehydrogenase (LDH) levels to 10–20 times the upper limit of normal, usu-
ally 1–3 days after hemodynamic deterioration. These elevations generally return to 
normal within 7–10 days if hemodynamic stability is restored [3, 41]. A progressive 
increase in bilirubin is usually seen but is seldom severe [3, 7, 12]. The higher values 
reported by recent series may be explained by the inclusion of more patients with 
septic shock. Nonetheless, the mean bilirubin value in these studies was lower than 
6 mg/dL [27, 28]. Higher values may suggest progression to acute liver failure [6]. 
Unlike in children where hypoglycemia has been regarded as a distinct feature of 
ACLI, in adults both hypoglycemia and hyperglycemia have been reported [7, 12]. 
Although no analytical alteration is pathognomonic of ACLI, there are some find-
ings that suggest its diagnosis [7]: (1) an alanine aminotransferase (ALT)-to-LDH 
ratio <1.5 is of great help in the differential diagnosis as it is rarely seen in other 
etiologies of hepatitis [42]; (2) the aspartate aminotransferase (AST) generally 
peaks earlier and higher than ALT [41]. The rational behind this finding lays on the 
concentration of aminotransferases throughout the hepatic acinus. ALT reaches the 
highest concentration at the level of periportal hepatocytes (Rappaport liver zone 1)  
and the lowest concentration at the level of pericentral hepatocytes (Rappaport 
liver zone 3), while AST maintains a stable concentration throughout the entire 
acinus. Hence, after the hypoxic insult, the initial concentrations of AST are higher 
than those of ALT, since the lower oxygen concentration of pericentral hepatocytes 
makes them more susceptible to hypoxic damage [43]. Once the cause of liver 
damage is resolved, the concentration of ALT exceeds that of AST in subsequent 
days, due to its longer half-life (47 ± 10 hours versus 17 ± 5 hours, respectively) [44]. 
Aboelsoud et al. [41] universally observed this pattern, but it was only described 
in 75% of the cases in Henrion’s study [22]. The rapid decline and reversal of the 
AST-ALT ratio may explain these differences, and therefore, an ALT higher than 
AST should not discard ACLI; (3) an early and sharp deterioration in prothrombin 
activity and renal function also supports ACLI. Such abnormalities are unusual at 
presentation in patients with viral or drug-induced hepatitis, unless ALF is already 
established [7]. Figure 1 shows a typical biochemical profile of ACLI in a patient 
treated in our hospital.

Figure 1. 
Laboratory parameters during the course of ACLI in a patient with respiratory failure due to drug 
overdose. Abbreviations: AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate 
dehydrogenase; Bb; bilirubin; INR: International normalized ratio.
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the former because of oxygen delivery remained sufficient, and the latter because of 
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3.3 Clinical presentation and diagnosis

The majority of ACLI cases occur in elderly men (i.e., 65–70 years) with conges-
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because of the absence of shock and of signs of HF, and in case of uncertainty, a 
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In accordance with the above, diagnosis of ACLI is usually made when the follow-
ing criteria are met [12, 22, 26]: (1) an appropriate clinical setting of cardiac, respira-
tory, or circulatory failure; (2) a severe increase in aminotransferase levels; and (3) 
exclusion of other causes of acute liver damage. The differential diagnosis for severe 
elevations of transaminases is relatively limited and includes ACLI, acute viral hepati-
tis, toxin- or drug-induced liver injury, autoimmune hepatitis, Wilson’s disease, acute 
bile duct obstruction, and acute Budd-Chiari syndrome [44]. Imaging techniques are 
essential to rule out some of these etiologies and can also support the diagnosis by 
finding a dilation of inferior vena cava and suprahepatic veins due to passive conges-
tion [7]. Liver biopsy is rarely necessary and only when the underlying cause remains 
unclear. It will show features of coagulative necrosis of centrilobular hepatocytes 
without significant inflammation (Figure 2A–C). In biopsies delayed several days, 
however, there may be neutrophils infiltrating the affected regions [25]. As already 
stated, necrosis rarely occurs predominantly in the middle zone [38–40].

3.4 Prognosis and treatment

The prognosis of ACLI is poor with an overall hospital mortality of 51% [26] 
and 1-year survival rate of approximately 25% [7]. The cause of death is usually 
the underlying condition, as it is an uncommon cause of ALF. In a study from the 
Acute Liver Failure Study Group, only 4.4% of the ALF cases had ACLI as their final 
diagnosis [45]. Nevertheless, there is some indirect evidence that suggests that ACLI 
influences outcome in this setting. Hence, prolonged international normalized 
ratio (INR) and jaundice have been identified as independent risk factors for ACLI 
mortality [27, 28, 41, 46]. Other factors that have been associated with increased 
risk of in-hospital mortality include a baseline liver disease [30], higher elevations 
of transaminases [27, 45], LDH [27, 41], serum phosphate [45], concomitant renal 
failure [28, 41], septic shock [27, 28], and more advanced encephalopathy [45].

The management of the underlying diseases remains the only established 
treatment for ACLI. Although data are limited, some experts recommend using 
N-acetylcysteine, avoiding excessive vascular filling to minimize passive congestion 
of the liver, and favoring the use of dobutamine in patients with low cardiac index 
given its inotropic and vasodilating effects [2, 3, 7, 12].

Figure 2. 
(A) Postmortem example of a liver with ischemic zones around centrilobular veins. (B) Centrilobular regions show 
congestion and coagulative necrosis (hematoxylin-eosin). (C) Same findings than 2.B with greater magnification.

67

Cardiac Hepatopathy
DOI: http://dx.doi.org/10.5772/intechopen.89177

4. Congestive hepatopathy (CH)

Liver disease as a consequence of HF has been known for a long time. The histo-
logical description of the “nutmeg,” congestive liver is attributed to Kiernan in 1833 
[25, 47]. Earlier studies from the beginning of the twentieth century started providing 
data on the structural and functional changes that develop in the liver in the setting 
of HF [47, 48]. The classic work from Sheila Sherlock, published in 1951, stood for 
decades as the standard reference on this entity. In this article, the renowned author 
correlated liver tests, systemic hemodynamic parameters, and histology [47]. Progress 
has been made since then, but there are still important gaps concerning its pathophysi-
ology, assessment of liver fibrosis, and clinical impact on overall HF prognosis [2, 6].

4.1 Epidemiology

CH occurs in the setting of any cause of right ventricular failure such as con-
strictive pericarditis, mitral stenosis, severe tricuspid regurgitation, cor pulmo-
nale, or end-stage cardiomyopathies [8, 49]. The current spectrum of CH differs 
from earlier reports due to several reasons [3, 4, 6, 50]: (1) the etiology of HF has 
changed over the years with ischemic cardiomyopathy surpassing rheumatic valvu-
lar disease; (2) after major advances in medical treatment and the widespread use 
of heart transplantation, the prognosis of HF has greatly improved, and as a result, 
cardiac cirrhosis is declining; (3) these same medical advances are responsible for 
the improved survival of patients with a variety of congenital heart diseases that 
lead to right HF. The most illustrative example is the Fontan procedure to palli-
ate single-ventricle physiology. Unlike patients with acquired heart disease, these 
patients may develop “cardiac cirrhosis” in early adulthood.

This heterogeneous cause of CH together with the limited validated techniques 
available to diagnose and, specially, stage the disease may explain that the burden 
of CH has not yet been adequately described [51]. Non-congenital HF studies using 
liver blood tests to determine the prevalence of CH have described figures ranging 
from 15 to 80%, depending on the severity of heart disease [24, 52–57]. However, 
liver blood tests neither accurately diagnose CH nor reflect the stage of liver disease 
[51]. Future studies should use a more comprehensive approach to overcome these 
biases and to provide solid data on this issue.

4.2 Pathophysiology

Congestion produces liver damage through several pathogenic mechanisms:  
(1) increased sinusoidal pressure leads to hepatic stellate cell activation and decreases 
nitric oxide production by endothelial cells through shear stress, all of which induce 
sinusoidal ischemia and promote fibrogenesis [51, 58]; (2) decreased hepatic blood 
flow further aggravates liver ischemia. Portal venous inflow is reduced as a result of the 
transmission of the elevated central venous pressure to the sinusoidal network, while 
arterial flow can also be compromised in patients who also harbor a left-sided HF [8, 51];  
(3) Accumulation of exudate into the space of Disse due to the existing congestion 
impairs diffusion of oxygen and nutrients to hepatocytes and accelerates fibrosis path-
ways [8]; (4) Sinusoidal stasis and congestion promote sinusoidal thrombosis, which in 
turn contributes to liver fibrosis by causing parenchymal extinction and by activating 
hepatic stellate cells via protease-activated receptors [59, 60]. The former refers to a 
hypothesis based on retrospective observations of ex-vivo human liver specimens of 
patients with CH. In this autopsy study, Wanless et al. demonstrated sinusoidal thrombi 
confined to areas of fibrosis, thereby suggesting that intrahepatic thrombosis is involved 
in liver fibrosis progression [61]. A recent experimental study provided evidence of the 
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The management of the underlying diseases remains the only established 
treatment for ACLI. Although data are limited, some experts recommend using 
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mechanistic link between CH and liver fibrosis through this mechanism [58]. These 
findings settle the rational basis for testing anticoagulant drugs in patients with CH, 
but so far, no clinical trial has addressed this issue. In comparison, research in this area 
in primary liver cirrhosis is more advanced. Hence, several experimental studies have 
shown that anticoagulant therapy improves liver fibrosis and reduces portal hyperten-
sion [62–73], and a clinical trial demonstrated that anticoagulation led to a reduction in 
portal thrombosis and other complications of liver disease and to increase in survival 
[74]. New clinical trials are needed in order to confirm these preliminary results and to 
establish whether the stage of liver disease may influence its efficacy [75].

It must be highlighted that contrary to primary liver diseases, in CH inflamma-
tion seems to play no role in the progression of liver fibrosis. Indeed, several studies 
of patients with Fontan circulation demonstrated minimal inflammatory changes in 
liver biopsy specimens, despite accentuated hepatic fibrosis [76–78].

4.3 Clinical presentation and diagnosis

CH may be asymptomatic for a long time, and frequently, its presence is sus-
pected through abnormalities in liver tests [8]. Symptoms attributed to CH may 
include dull right upper quadrant pain, nausea, vomiting, anorexia, early satiety, 
malaise, and mild jaundice [3]. The abdominal symptoms respond to the stretching 
of the liver capsule due to hepatic congestion and may occur in the absence of overt 
ascites or lower extremity edema. These symptoms, however, are usually masked by 
those related to right-sided HF [2].

Physical examination may often show hepatomegaly and signs of HF, including 
hepatojugular reflux and peripheral edema. A pulsatile liver may also be seen, and 
its loss suggests progression to cardiac cirrhosis [49]. Overt ascites is also a frequent 
finding, although it is rarely refractory. In a series of 83 patients with CH of whom 
only one had established cardiac cirrhosis, up to 57% had ascites. Moreover, ascites 
and edema had no relation to the extent of liver fibrosis, and therefore, they are due 
to elevated right-sided cardiac pressure hitting the sinusoidal network [50]. The 
differentiation of cardiac ascites from cirrhotic ascites can be cumbersome. In these 
conditions, the serum-ascites albumin gradient is ≥1.1 g/dL since they both respond 
to hepatic sinusoidal hypertension [79]. There are, however, some ascites findings 
that are useful to make a differential diagnosis. Cardiac ascites has higher protein 
levels (>2.5 g/dL). This is due to preserved liver synthetic function and absence of 
capillarization of the liver sinusoidal endothelial cells [3, 8, 80]. The latter refers 
to the lost of fenestrae and development of a basement membrane by these cells as 
a consequence of liver fibrosis. In cirrhosis, these features make hepatic sinusoids 
less leaky and prevent the passage of proteins to the space of Disse and from here 
to the peritoneal fluid [81]. Other less reliable findings in cardiac ascites are higher 
LDH levels and higher red blood cell counts due to leaking of red blood cells into 
the ascites via lymph tissue, with resulting lysis [80]. Despite these differences, a 
significant number of cases are still misclassified. Measurement of serum B-type 
natriuretic peptide (BNP) or of its inactive pro-hormone (N-terminal-proBNP) 
in serum and ascites has been recently suggested as an aid tool in uncertain cases. 
Thus, Sheer et al. reported that both serum and ascites NT-proBNP levels had 
high sensitivity and specificity in predicting HF as the cause of ascites [82]. More 
recently, Farias et al. found serum BNP to be superior to the total ascitic fluid 
protein concentration with regard to discriminating cardiac ascites from cirrhotic 
ascites. A serum BNP cutoff of >364 pg/mL had 98% sensitivity, 99% specificity, 
99% diagnostic accuracy, and a positive likelihood ratio of 168.1 for the diagnosis 
of cardiac ascites. Conversely, a serum BNP cutoff of ≤182 pg/mL was excellent for 
ruling out ascites due to heart failure [79].
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The differentiation of cardiac cirrhotic ascites from cardiac ascites without cir-
rhosis is especially challenging and of great clinical importance. On the one hand, the 
diagnosis of cardiac cirrhosis warrants further evaluations such as bi-annual surveil-
lance ultrasonography or endoscopic screening for esophageal varices. On the other 
hand, its presence may preclude a heart transplant or require a combined heart-liver 
transplant. Apart from some diagnostic tools such as liver biopsy and hepatic venous 
pressure gradient (HVPG) that will be later discussed, there are some clinical clues 
that help in the differential diagnosis. In patients with cardiac ascites without cirrhosis, 
splenomegaly and spider angiomata are absent, and varices are rarely identified on 
upper endoscopy [3, 49]. This can be explained by the fact that varices represent collat-
eral vessels from the high-pressure portal system to the low-pressure systemic circula-
tion, and in CH without cirrhosis, no pressure gradient exists because pressure remains 
high along the entire path of venous return to the right atrium [50]. Complications 
of cirrhosis may occur in the late stages of cardiac cirrhosis. Although in the past the 
traditional patient with cardiac cirrhosis died from his cardiac disease before progress-
ing to decompensated cirrhosis, advances in medical and surgical treatments are 
responsible for the increased number of liver complications in this setting [3]. The 
risk of hepatocarcinoma after the Fontan procedure is probably the best example. The 
success of this surgery to palliate right-sided congenital heart lesions permits long-
term survival in the setting of elevated right-sided heart pressures. Eventually, the 
liver disease could become as clinically important as the cardiac disease and further 
complicate its management [51].

Besides the presence of right-sided HF (or other cause of high central pressures) 
and the aforementioned clinical findings, the diagnosis of CH should be further 
supported on compatible results of diagnostic tools and exclusion of other possible 
causes of liver disease [49, 50].

4.3.1 Biochemical profile

Elevation of serum cholestasis markers (alkaline phosphatase, GGT, and bilirubin) 
is characteristic of CH. Total bilirubin levels rarely exceed 3 mg/dL, and indirect biliru-
bin usually predominates over direct bilirubin [3]. The degree of cholestasis is related 
to the severity of both the elevation of right atrial pressure and tricuspid regurgitation 
[55, 83]. These data suggest that elevated right-sided filling pressures may contribute 
more to LFT elevation than reduced cardiac output [2]. The mechanism of cholestasis 
in this setting is thought to be due to the compression of the bile canaliculi and small 
ductules by centrally congested sinusoids [25]. Other laboratory findings include 
mild elevations of serum aminotransferases to two to three times the upper limit of 
normal and mild hypoalbuminemia. The latter may also be secondary to malnutrition 
or protein-losing enteropathy [8]. As liver disease progresses, liver function tests (i.e., 
bilirubin, INR, and albumin) may continue to worsen. Importantly, liver enzymes are 
often normal, and in the presence of other findings suggestive of CH, this diagnosis 
cannot be ruled out based on these normal values [3]. As already discussed, CH 
predisposes the liver to ACLI in the face of hemodynamic instability, instigating the 
aforementioned marked elevation of liver enzymes [8].

4.3.2 Imaging tests

Imaging tests help both to support the diagnosis of CH and to identify complica-
tions. Characteristic conventional imaging findings include dilation of inferior 
vena cava and hepatic veins, loss of normal triphasic hepatic venous wave-form, 
and abnormal kinetics of intravenous contrast enhancement (e.g., delayed bolus 
arrival to the liver suggesting slow systemic circulation, diffusion of extracellular 
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mechanistic link between CH and liver fibrosis through this mechanism [58]. These 
findings settle the rational basis for testing anticoagulant drugs in patients with CH, 
but so far, no clinical trial has addressed this issue. In comparison, research in this area 
in primary liver cirrhosis is more advanced. Hence, several experimental studies have 
shown that anticoagulant therapy improves liver fibrosis and reduces portal hyperten-
sion [62–73], and a clinical trial demonstrated that anticoagulation led to a reduction in 
portal thrombosis and other complications of liver disease and to increase in survival 
[74]. New clinical trials are needed in order to confirm these preliminary results and to 
establish whether the stage of liver disease may influence its efficacy [75].

It must be highlighted that contrary to primary liver diseases, in CH inflamma-
tion seems to play no role in the progression of liver fibrosis. Indeed, several studies 
of patients with Fontan circulation demonstrated minimal inflammatory changes in 
liver biopsy specimens, despite accentuated hepatic fibrosis [76–78].

4.3 Clinical presentation and diagnosis

CH may be asymptomatic for a long time, and frequently, its presence is sus-
pected through abnormalities in liver tests [8]. Symptoms attributed to CH may 
include dull right upper quadrant pain, nausea, vomiting, anorexia, early satiety, 
malaise, and mild jaundice [3]. The abdominal symptoms respond to the stretching 
of the liver capsule due to hepatic congestion and may occur in the absence of overt 
ascites or lower extremity edema. These symptoms, however, are usually masked by 
those related to right-sided HF [2].
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hepatojugular reflux and peripheral edema. A pulsatile liver may also be seen, and 
its loss suggests progression to cardiac cirrhosis [49]. Overt ascites is also a frequent 
finding, although it is rarely refractory. In a series of 83 patients with CH of whom 
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and edema had no relation to the extent of liver fibrosis, and therefore, they are due 
to elevated right-sided cardiac pressure hitting the sinusoidal network [50]. The 
differentiation of cardiac ascites from cirrhotic ascites can be cumbersome. In these 
conditions, the serum-ascites albumin gradient is ≥1.1 g/dL since they both respond 
to hepatic sinusoidal hypertension [79]. There are, however, some ascites findings 
that are useful to make a differential diagnosis. Cardiac ascites has higher protein 
levels (>2.5 g/dL). This is due to preserved liver synthetic function and absence of 
capillarization of the liver sinusoidal endothelial cells [3, 8, 80]. The latter refers 
to the lost of fenestrae and development of a basement membrane by these cells as 
a consequence of liver fibrosis. In cirrhosis, these features make hepatic sinusoids 
less leaky and prevent the passage of proteins to the space of Disse and from here 
to the peritoneal fluid [81]. Other less reliable findings in cardiac ascites are higher 
LDH levels and higher red blood cell counts due to leaking of red blood cells into 
the ascites via lymph tissue, with resulting lysis [80]. Despite these differences, a 
significant number of cases are still misclassified. Measurement of serum B-type 
natriuretic peptide (BNP) or of its inactive pro-hormone (N-terminal-proBNP) 
in serum and ascites has been recently suggested as an aid tool in uncertain cases. 
Thus, Sheer et al. reported that both serum and ascites NT-proBNP levels had 
high sensitivity and specificity in predicting HF as the cause of ascites [82]. More 
recently, Farias et al. found serum BNP to be superior to the total ascitic fluid 
protein concentration with regard to discriminating cardiac ascites from cirrhotic 
ascites. A serum BNP cutoff of >364 pg/mL had 98% sensitivity, 99% specificity, 
99% diagnostic accuracy, and a positive likelihood ratio of 168.1 for the diagnosis 
of cardiac ascites. Conversely, a serum BNP cutoff of ≤182 pg/mL was excellent for 
ruling out ascites due to heart failure [79].
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contrast media into the periportal lymphatic space in the delayed phase, retrograde 
hepatic venous opacification during the early phase of intravenous contrast material 
injection into the upper extremities, and a predominantly peripheral heterogeneous 
pattern of hepatic enhancement due to stagnant blood flow) [84] (Figure 3A, B). 
Importantly, the appearance of a nodular or heterogeneous liver on standard imag-
ing is not sufficient to diagnosis cirrhosis in CH [51].

CH may lead to the generation of benign regenerative nodules or focal nodular 
hyperplasia (FNH)-like lesions and hepatocarcinoma. The former is referred to 
as “FNH-like” despite having characteristic pathological findings of FNH due 
to the presence of abnormal background liver parenchyma. Although they most 
commonly demonstrate typical imaging findings (i.e., well-circumscribed, homo-
geneous nodule with late arterial hyperenhancement that fades to isointensity/
isoattenuation on delayed phase imaging), they sometimes have a washout appear-
ance that could be mistaken for hepatocarcinoma due to abnormally increased 
background parenchymal enhancement in the delayed phase [84] (Figure 4). 
Indeed, distinguishing hepatocarcinoma from these atypical imaging represents an 
unmet need, and biopsy is frequently required for accurate diagnosis. Radiological 
findings that support the diagnosis of hepatocarcinoma include the following: 
significant change in appearance of a nodule, venous invasion, a heterogeneous-
appearing mass, and elevated alpha-fetoprotein [51, 84]. There are currently no 
screening guidelines for hepatocarcinoma in CH. In post-Fontan patients, some 
experts recommend to begin screening at 15–20 years after the operation [51], while 
the newly released guidelines from the American Heart Association recommend a 
much more comprehensive surveillance (Table 1) [85]. In patients with CH due to 
other conditions, it seems reasonable to perform bi-annual screening once cardiac 
cirrhosis is established.

4.3.3 Histology

The congestive liver explant has been characterized as a “nutmeg liver” due to 
the presence of dark centrilobular zones that reflect sinusoidal congestion alternat-
ing with pale periportal zones with normal or fatty liver tissue [84] (Figure 5A). 
Characteristic histological findings include sinusoidal dilatation and congestion, 
hepatocyte atrophy most prominent in zone 3, extravasation of red blood cells into 
the space of Disse, regenerative hyperplasia emerging from periportal regions, and 

Figure 3. 
(A) Idiopathic membranous inferior vena cava obstruction in a 44-year-old man. MRI shows a mildly nodular 
liver with altered parenchymal perfusion and dilatation of hepatic veins. (B) Severe tricuspid regurgitation in 
a 49-year-old man. CT scan shows dilatation of hepatic veins and reflux of contrast into the inferior vena cava 
and hepatic veins.

71

Cardiac Hepatopathy
DOI: http://dx.doi.org/10.5772/intechopen.89177

centrilobular fibrosis (Figure 5B, C) [25]. The degree of sinusoidal dilatation is 
positively correlated with the degree of elevation of right atrial pressure. As liver 
disease progresses, bridging fibrosis typically extends between central veins to 
produce a pattern that has been name “reversed lobulation” since it contrasts to the 
typical fibrosis pattern found in most primary liver diseases where bridging fibrosis 
occurs between portal triads (i.e., zone 1) [3]. As far as the correlation between 
fibrosis extension and systemic hemodynamic parameters is concerned, there are 
discordant results with most studies finding no correlation [50, 54, 86–89].

It must be highlighted that the distribution of fibrosis throughout the liver is 
extremely heterogeneous in patients with CH [86, 90], and it may be explained by 
the fibrogenic effects of intrahepatic thrombosis caused by static blood flow [61]. 
This variability raises concern about sampling error and about the role of liver 
biopsy as the gold standard tool for fibrosis assessment. Moreover, liver biopsies 
may not predict post-heart transplant outcomes. In a retrospective study, Louie 
et al. found that the presence of bridging fibrosis was not significantly associ-
ated with post-operative survival or post-operative liver failure, based on which 
they concluded that patients with bridging fibrosis may still be considered viable 

Figure 4. 
Idiopathic membranous inferior vena cava obstruction in a 44-year-old man. The image shows the dynamic 
phase of MRI. Besides the significant hypertrophy of segment I, MRI shows a mass (3.8 cm × 4.2 cm) that 
after administration of intravenous contrast presents a heterogeneous enhancement in the arterial phase 
with washout in the portal phase. Liver biopsy showed histological changes compatible with focal nodular 
hyperplasia.
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positively correlated with the degree of elevation of right atrial pressure. As liver 
disease progresses, bridging fibrosis typically extends between central veins to 
produce a pattern that has been name “reversed lobulation” since it contrasts to the 
typical fibrosis pattern found in most primary liver diseases where bridging fibrosis 
occurs between portal triads (i.e., zone 1) [3]. As far as the correlation between 
fibrosis extension and systemic hemodynamic parameters is concerned, there are 
discordant results with most studies finding no correlation [50, 54, 86–89].

It must be highlighted that the distribution of fibrosis throughout the liver is 
extremely heterogeneous in patients with CH [86, 90], and it may be explained by 
the fibrogenic effects of intrahepatic thrombosis caused by static blood flow [61]. 
This variability raises concern about sampling error and about the role of liver 
biopsy as the gold standard tool for fibrosis assessment. Moreover, liver biopsies 
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candidates for isolated heart transplantation [90]. Similar results were described by 
Dhall et al. [86]. Regardless of these limitations, liver biopsy still plays an important 
role in the assessment of the stage of liver disease, in ruling out hepatocarcinoma 
and alternative etiologies of liver disease and in determining candidacy for iso-
lated heart transplantation or combined heart-liver transplantation. Its findings, 
however, should be correlated with the clinical presentation and results of other 
diagnostic tools [51, 86].

4.3.4 Non-invasive assessment of liver fibrosis

Non-invasive diagnostic tests of liver fibrosis have been extensively studied and 
have excellent predictive value for advanced fibrosis in patients with viral hepatitis 
and non-alcoholic fatty liver disease [91]. Nevertheless, the performance of these 
tests in assessing the severity of fibrosis in CH is poor. A detail description of each 
of these tests in this setting is beyond the scope of this chapter and can be found 
elsewhere [51, 92, 93].

Briefly, among serological markers, the Model for End-Stage Liver Disease 
(MELD)-XI score has been suggested to be potentially useful as some studies have 

Basic* In-Depth* Investigational*

Childhood 
(every 3–4 
years)

• CMP

• Platelet count

• Serum GGT

• PT/INR

• Serum FibroSure 
biomarkers

• Serum α-fetoprotein

• Abdominal ultrasound

• Total serum cholesterol

• Liver imaging via CT or 
MRI

• Liver elastography 
(ultrasound or MRI)

• Liver biopsy

Adolescence 
(every 1–3 
years)

• CMP

• Platelet count

• Serum GGT

• PT/INR

• Serum FibroSure 
biomarkers

• Serum α-fetoprotein

• Abdominal ultrasound

• Total serum cholesterol

• Liver imaging via CT 
or MRI

• Liver elastography 
(ultrasound or MRI)

• Liver biopsy

Adulthood 
(every 1–2 
years)

• CMP

• Platelet count

• Serum GGT

• PT/INR

• Total serum 
cholesterol

• Abdominal 
ultrasound

• Serum FibroSure 
biomarkers

• Serum α-fetoprotein

• Liver imaging via CT 
or MRI

• Liver elastography 
(ultrasound or MRI)

• Liver biopsy

*Tests are stratified as basic (fundamental and rudimentary level of assessment), in-depth (more detailed level of 
characterization), and investigational (possible or likely of value; however, greater experience and study may be 
necessary before widespread use can be suggested).
Abbreviations: CMP: comprehensive metabolic panel; CT: computed tomography; GGT: γ-glutamyl transferase; INR: 
international normalized ratio; MRI: magnetic resonance imaging; PT: prothrombin time.

Table 1. 
Tests recommended by the American Heart Association for surveillance of liver disease in post-Fontan patients.
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shown a moderate correlation with the stage of fibrosis in post-Fontan patients  
[94, 95]. This score excludes INR given the high prevalence of anticoagulation 
use in CH. Despite these results, further studies are needed as other studies have 
described opposite results [78, 90]. The remaining tests (i.e., standard serum mark-
ers, FibroSure testing, hyaluronic acid levels, and most clinical risk calculators) are 
inaccurate at staging liver fibrosis [51]. The use of liver stiffness tools is hampered 
by the fact that congestion increases liver stiffness values [91]. Hence, in CH, it 
provides unreliable information regarding the grade of fibrosis, although some 
evidence suggests that liver and spleen stiffness calculated by magnetic resonance 
elastography may be more accurate. Finally, new advances in imaging techniques, 
such as magnetic resonance imaging with diffusion-weighted imaging, may poten-
tially differentiate fibrosis from congestion but require validation [51].

4.3.5 Hepatic hemodynamic study

Hepatic vein catheterization with measurement of the HVPG is currently the 
gold standard technique for determining portal pressure. It represents the differ-
ence between the wedged hepatic venous pressure (WHVP) and the free hepatic 
venous pressure (FHVP). The WHVP is usually measured by occluding the right 
hepatic vein through the inflation of a balloon, whereas the FHVP is measured 
without occluding it. The occlusion of the vein forms a continuous static column 
of blood between the catheter and the hepatic sinusoids. Thus, WHVP measures 
sinusoidal pressure. Due to the scarce connections between sinusoids existing in 
cirrhosis, pressure cannot be decompressed through the sinusoidal network, and 
therefore, WHVP reflects portal pressure in this setting. FHVP, on the other hand, 
is a surrogate for inferior vena cava pressure. Normal values of HVPG are <5 mmHg. 
The HVPG is a strong and independent predictor of outcomes in compensated and 
decompensated cirrhosis due to primary liver diseases [96–98].

Figure 5. 
(A) Postmortem example of the classical “nutmeg” liver with centrilobular congestion in CH. (B) 
Centrilobular regions show congestion and extravasation of red blood cells. (C) Same findings than 5.B with 
greater magnification.
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provides unreliable information regarding the grade of fibrosis, although some 
evidence suggests that liver and spleen stiffness calculated by magnetic resonance 
elastography may be more accurate. Finally, new advances in imaging techniques, 
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Figure 6. 
(A) A typical hemodynamic tracing of a patient with congestive hepatopathy due to cor pulmonale. The 
HVPG is calculated as the difference between WHVP and FHVP. Both of them are elevated, but the HVPG 
is within the normal range. (B) Transjugular liver biopsy was performed and showed sinusoidal dilatation 
without significant fibrosis (hematoxylin-eosin stain; the image of Masson stain is not shown). (C) Occlusion 
of the hepatic vein with the balloon catheter. Abbreviations: MAP: Mean pulmonary arterial pressure; PCP: 
Pulmonary capillary pressure; RAP: Right atrial pressure; IVCP: Inferior vena cava pressure; FHVP: Free 
hepatic venous pressure; WHVP: Wedged hepatic venous pressure; HVPG: Hepatic venous pressure gradient.

The diagnostic and prognostic value of HVPG measurement in CH has not 
been adequately assessed. In this context, both FHVP and WHPV are elevated, 
and the HVPG is within the normal range (Figure 6). Once cardiac cirrhosis is 
established, the HVPG is expected to increase beyond 6 mmHg (Figure 7) [51]. 
Hence, HVPG could theoretically provide relevant information about the stage 
of CH. The few clinical studies that have provided hemodynamic data in this 
regard have described inconsistent results. For instance, in the study of Myers 
et al., esophageal varices were seen in some patients despite having a HVPG 
below 6 mmHg. As previously explained, the high pressures along the entire 
path of venous return to the right atrium prevent the formation of varices unless 
the establishment of cirrhosis creates a pressure gradient between the portal 
and systemic circulation. In order to explain these discordant results, the same 
authors argued that it was possible that the varices observed in a few patients 
represented either false-positive endoscopies or undetected concomitant disease 
such as portal vein thrombosis [50]. Moreover, it has not yet been demonstrated 
that the HVPG correlates with the stage of fibrosis in CH [50, 86]. These find-
ings probably respond to several confounders: the inclusion of few patients with 
advanced fibrosis, the variable distribution of fibrosis throughout the liver, and 
the absence of a full and reliable characterization of the liver disease. As far as its 
prognostic utility is concerned, no study has evaluated the HVPG for predicting 
hepatic decompensation events and survival after isolated heart transplanta-
tion [51]. Despite this, many academic centers, including our own, measure the 
HVPG to assist in the transplant decision-making process. Finally, it must be 
reminded that the hepatic vein catheterization also allows performing a tran-
sjugular liver biopsy. This technique is safer than the percutaneous biopsy and 
can be performed even under anticoagulation or ascites [99].
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4.4 Prognosis and treatment

The underlying cardiac disease generally determines prognosis in CH. Liver 
enzymes (i.e., bilirubin, alkaline phosphatase, GGT, and albumin) and scores such 
as the MELD and MELD-XI have been associated with prognosis in HF patients 
[53, 56, 100–103]. Based on these findings, both the American College of Cardiology 
and the European Society of Cardiology Heart Failure Guidelines recommend the 
inclusion of liver function tests in the diagnostic workup of all patients present-
ing with HF [1, 104]. However, it must be pointed out that they predict cardiac or 
overall mortality, not liver-related mortality. Therefore, they seem to act as indirect 
markers of the severity of cardiac disease rather than reflecting the effect of liver 
disease on outcomes. Indeed, the effect of cardiac cirrhosis on overall prognosis has 
not been clearly established [6].

Management of the underlying cardiac disease is the mainstay of treatment. 
There is no specific therapy of CH [8]. Concerns about modification of drug 
dosage have been raised, although there are no solid rules in this regard. This is 
partially explained by the lack of correlation of available diagnostic tools with 
the hepatic function [5]. Theoretically more relevant are the detrimental effects 
that some of the medical therapies used to treat HF may have on the physiopa-
thology of cirrhosis. For instance, vasodilators such as angiotensin-converting-
enzyme inhibitors are contraindicated in decompensated cirrhosis, and doses of 
diuretics in HF are often higher than in cirrhosis and may precipitate hepatorenal 
syndrome [3]. Again, no solid recommendations are available, and treatment 
modifications should be patient-specific. Eventually, some patients will require a 
heart transplant, and this poses the question of whether the liver is “in shape” to 
tolerate a heart transplant.

Figure 7. 
(A) A typical hemodynamic tracing of a patient with severe tricuspid regurgitation and concomitant hepatitis 
C. The HVPG is calculated as the difference between WHVP and FHVP. Both of them are elevated, and the 
HVPG is slightly elevated. (B) Transjugular liver biopsy was performed and showed significant fibrosis forming 
nodules (Masson stain). (C) Occlusion of the hepatic vein with the balloon catheter. Abbreviations: MAP: 
Mean pulmonary arterial pressure; PCP: Pulmonary capillary pressure; RAP: Right atrial pressure; IVCP: 
Inferior vena cava pressure; FHVP: Free hepatic venous pressure; WHVP: Wedged hepatic venous pressure; 
HVPG: Hepatic venous pressure gradient.
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Figure 6. 
(A) A typical hemodynamic tracing of a patient with congestive hepatopathy due to cor pulmonale. The 
HVPG is calculated as the difference between WHVP and FHVP. Both of them are elevated, but the HVPG 
is within the normal range. (B) Transjugular liver biopsy was performed and showed sinusoidal dilatation 
without significant fibrosis (hematoxylin-eosin stain; the image of Masson stain is not shown). (C) Occlusion 
of the hepatic vein with the balloon catheter. Abbreviations: MAP: Mean pulmonary arterial pressure; PCP: 
Pulmonary capillary pressure; RAP: Right atrial pressure; IVCP: Inferior vena cava pressure; FHVP: Free 
hepatic venous pressure; WHVP: Wedged hepatic venous pressure; HVPG: Hepatic venous pressure gradient.
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Figure 8. 
Protocol to determine the recommendation regarding liver disease in a potential candidate for a heart 
transplant when CH is suspected. We proceed to HVPG measurement and transjugular biopsy in those patients 
in whom advanced liver disease cannot be ruled out after the initial evaluation (e.g., nodular appearance of 
the liver). Our recommendation is hemodynamic-dependent, regardless of the fibrosis stage. In cases with a 
HVPG below 5 mmHg, there is no contraindication to perform an isolated heart transplant, whereas a HVPG 
>10 mmHg discards it (no combined heart-liver transplantation has been performed so far in our hospital). 
In patients with a concomitant primary liver disease and a HVPG between 6 and 10 mmHg, the decision is 
patient-specific and relies mainly on the type of disease. If it is treatable (e.g., hepatitis C or B), we recommend 
proceeding with the heart transplant. Same recommendation is given in the absence of a primary liver disease 
and a HVPG between 6 and 10 mmHg. Abbreviations: CT: Computed tomography; MRI: Magnetic resonance 
imaging; HVPG: Hepatic venous pressure gradient.

4.5 Determining candidacy for heart transplantation

Given the aforementioned limitations of available invasive and non-invasive 
tests to assess hepatic fibrosis and function, determining whether a patient with CH 
is a candidate for isolated heart transplantation or may require a combined heart-
liver transplantation is especially challenging. Not surprisingly, there are no official 
guidelines, evaluation is institution dependent, and the decision is often taken on 
a case-by-case basis. It must be highlighted that cardiac cirrhosis may be reversed 
after heart transplantation. Based on this premise, some centers use an HVPG 
value of <12 mmHg as a cutoff for offering isolated heart transplantation instead of 
combined heart-liver transplantation. Nevertheless, this protocol requires valida-
tion before its widespread use in clinical practice. Figure 8 shows our protocol for 
determining our recommendation regarding liver disease in a potential candidate 
for a heart transplant when CH is suspected.

5. Take-home messages and pitfalls facing management

• The diagnosis of ACLI cannot be rejected because of the absence of shock and 
of signs of HF, and in case of uncertainty, a cardiac evaluation is warranted.

• CH is frequently observed in patients suffering ACLI since it predisposes the 
liver to hypoxic damage.
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• Diagnosis of ACLI can be suspected based on the following analytical altera-
tions: ALT-to-LDH ratio <1.5, AST higher than ALT at initial phase, and an 
early and sharp deterioration in prothrombin activity and renal function.

• The current spectrum of CH differs from earlier reports with HF due to isch-
emic cardiomyopathy and congenital heart disease having surpassed rheumatic 
valvular disease.

• Contrary to primary liver diseases, inflammation seems to play no role in the 
progression of liver fibrosis in CH.

• The clinical picture of CH is usually masked by symptoms and signs related to 
right-sided HF.

• There are some ascites findings that help differentiate cardiac ascites from 
 cirrhotic ascites: higher protein (>2.5 g/dL) and LDH levels, and higher red 
blood cell counts. Serum BNP also seems to be a useful tool in this regard.

• The diagnosis of cardiac cirrhosis warrants further evaluations such as bi-annual 
surveillance ultrasonography or endoscopic screening for esophageal varices.

• CH may lead to the generation of benign regenerative nodules and hepatocarci-
noma. Distinguishing one from the other frequently requires a liver biopsy due 
to the abnormal background liver parenchyma.

• In contrast to most primary liver diseases where bridging fibrosis occurs 
between portal triads, in CH it typically extends between central veins to 
produce a “reversed lobulation” pattern.

• The distribution of fibrosis throughout the liver is extremely heterogeneous 
in CH leading to sampling error. Moreover, fibrosis stage determined by liver 
biopsies does not seem to predict post-heart transplant outcomes.

• The performance of non-invasive diagnostic tests of liver fibrosis in CH is poor.

• HVPG measurement might be a useful tool for assessing the stage of CH and 
helps in the decision-making process of transplant candidacy. However, no 
evidence in this regard has been published so far.

• In both ACLI and CH, the prognosis is dependent on the underlying condition, 
and treatment is focused on the latter.
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Chapter 5

Hepatocellular Carcinoma: A 
Pharmacological Aspect
Mani Sharma, Neeraj Kumar Chouhan and Sandeep Vaidya

Abstract

Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide, 
deteriorating approximately 1000,000 lives. Annually rising HCC to the third most 
common cause of cancer mortality. Liver cancer varies geographically depend-
ing on multimodality treatments available for this heterogeneous malignancy. 
Conglomeration of treatments has been exercised to manage this type of cancer 
across distinct geographic regions. Unprecedented rise of scientific knowledge 
mining from the published literature is a boon to develop novel treatment modali-
ties. We aim to focus such pharmacological aspects in HCC treatment that could 
effectively display the improved therapies. Extrapolating the details of liver cancer 
(classification, diagnosis, adequate treatments, therapeutic engineering involved 
in the therapy, causes, epidemiology, and survival ratio) and the result obtained 
through this research could be a magnificent approach in the advancement of 
drug delivery systems that could assist in clinical trials and further betterment of 
 survival rate and improved therapy from this deadly cancer.

Keywords: category, symptoms, prognosis, pathophysiology, remedies,  
therapeutic engineering

1. Introduction

As per the current study performed by the international agency for research on 
cancer (World Health Organization), the number of liver cancer cases reported all 
over the globe was 841,080, i.e., 4.7% of the total cancer cases in year 2018. As per 
the reports of the American Cancer Society, there is an estimation of 42,030 new 
cases of liver cancer diagnosed in the United States alone for the year 2019. Three-
fourths of those cases are of hepatocellular carcinoma (HCC) that is unquestionably 
the most serious and dreaded complication of chronic liver disease. The development 
of HCC is generally the terminal event of a long-standing, typically asymptomatic 
chronic liver disease, which originated decades earlier. Regardless of the etiology, 
the process begins with a frequently unrecognized acute or subacute liver insult that 
slowly advances to the development of cirrhosis, a potentially preneoplastic condi-
tion. Less commonly, HCC arises directly without antecedent cirrhosis. The average 
life expectancy after diagnosis of clinically apparent HCC is less than 12 months [1].

People with chronic liver diseases, such as cirrhosis caused by hepatitis B 
or hepatitis C infection, are most often prone to hepatocellular carcinoma. 
Hepatocellular carcinoma is traditionally related to liver cirrhosis and also with the 
ongoing process of liver necrosis or regeneration, where liver cirrhosis may be due 
to hepatitis B and C.
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In regions of Africa, Asia, and China, intake of food contaminated with  
aflatoxins may be later associated with HCC, while in Europe only 30% of pediatric 
HCC cases are linked to liver cirrhosis, while others are de novo cases [2] .  
As per the report of the American Cancer Society, 31,780 liver cancer deaths 
occurred in the United States alone for the year 2019. Incidence rates (%) in total 
population the disease is approximately 2.5 per 100,000 population [3]. It is one of 
the most common malignancies in adults and is more common in men than women 
(2–4:1) and blacks than whites. All over the world, millions of deaths per year 
(about 10% of all deaths in the adult age range) can be attributed to hepatocellular 
carcinoma. Depending on geographic location, the occurrence of hepatocellular 
carcinoma varies. While incidence in the Western world is less than 2 per 100,000 
males, it is currently 40–60 per 100,000 in Africa and parts of the Far East. People 
of East Asian origin suffers the most from Hepatocellular carcinoma in United 
States. In the future, the prevalence of hepatocellular carcinoma may increase in the 
United States.

People with long-term liver diseases are most vulnerable to the risk of hepa-
tocellular carcinoma. As people who already have signs and symptoms of chronic 
liver disease are majorly suffering from HCC. Prolonged yellow skin, easy bruis-
ing from blood clotting abnormalities, abdominal swelling, appetite loss, weight 
loss, pain in the abdominal cavity, nausea, feeling tired, or vomiting may be 
directly associated with HCC [4]. The mortality rate of the patients (both sexes) 
suffering from liver around the world in 2018 is 781,631. Among which 72.4% 
of the total mortality cases were recorded in Asia. As per the current statistics, a 
comprehensive approach is urgently required that involves primary and secondary 
prevention and increased access to treatment, and more funding for liver-related 
research is needed to address the high death rates associated with chronic liver 
disease and liver cancer to decrease the average mortality rate by giving adequate 
treatments.

1.1 Risk factors

Cirrhosis of the liver mostly causes HCC, whereas other factors also majorly 
influence the risk of HCC among which 60–70% of cirrhosis is estimated to cause 
by heavy alcohol consumption (Figure 1).

Recognized risk factors include:

• Toxins: alcohol abuse, aflatoxin, iron overload state (hemochromatosis)

• Metabolic: nonalcoholic steatohepatitis, type 2 diabetes (probably aided by 
obesity)

There is a variable significance of these risk factors globally [5]. In regions where 
hepatitis B infection is endemic, such as southeast China, this is the predominant 
cause. In populations largely protected by hepatitis B vaccination, such as the 
United States, HCC is most often linked to causes of cirrhosis such as chronic 
hepatitis C, alcohol abuse, and obesity. The chance of developing HCC in children 
and adolescents increases if they suffer from congenital liver disorders.

1.2 Symptoms

Patients with hepatocellular carcinoma are frequently asymptomatic especially 
if the disease is diagnosed at an early stage. The major symptoms include abnormal 
weight loss, mild to high fever, diarrhea, fatigue, and anorexia [6].
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Symptomatic patients—Patients with advanced lesions may present with mild to 
moderate upper abdominal pain, weight loss, early satiety, or a palpable mass in the 
upper abdomen [7]. Paraneoplastic syndrome may occasionally develop in a patient 
with HCC [8].

Hypoglycemia—Hypoglycemia, which usually occurs in advanced HCC, is 
thought to result from the tumor’s high metabolic needs.Erythrocytosis—Tumor 
secretion of erythropoietin (EPO) majorly leads to erythrocytosis in HCC [9].

Hypercalcemia— Hypercalcemia can be present in association with osteolytic 
metastases, but it may also be seen in the absence of bony metastasis due to secre-
tion of parathyroid hormone-related protein [10].

Diarrhea—Patients with HCC may infrequently present with intractable diar-
rhea and associated electrolyte disturbances (e.g., hyponatremia, hypokalemia, 
metabolic alkalosis). The underlying mechanism is not fully understood, but it may 
be related to secretion of peptides that cause intestinal secretion. These include 
vasoactive intestinal polypeptide, gastrin, and peptides with prostaglandin-like 
immunoreactivity [11]. Cutaneous features—Although skin changes are rare in 
patients with HCC, several cutaneous manifestations have been described; however, 
none is specific for the diagnosis [12].

It involves the following:

• Dermatomyositis may present with a variety of cutaneous findings (e.g., scaly, 
violaceous papules overlying bony prominences of the hands) and is associated 
with solid organ malignancies.

• Pemphigus foliaceus is a superficial blistering disease similar to pemphigus 
vulgaris, except it rarely involves the mucous membranes. Blisters often appear 
as shallow erosions associated with erythema, scale, and crust formation, and 
the appearance may resemble severe seborrheic dermatitis.

• Sudden appearance of multiple seborrheic keratosis is the sign of Leser-Trélat, 
with acanthosis nigricans and skin tags.

• Multiple, round, or oval, sharply demarcated scaling patches have been 
reported in South African black patients with HCC characterized as Pityriasis 
rotunda [13].

Figure 1. 
Risk factors leading to the cause of HCC: (a) estimated cause of 80% cases globally, (b) alcohol abuse, 
aflatoxin; iron overload state (hemochromatosis); (c) alpha 1-antitrypsin deficiency; Wilson’s disease.



Liver Pathology

88

In regions of Africa, Asia, and China, intake of food contaminated with  
aflatoxins may be later associated with HCC, while in Europe only 30% of pediatric 
HCC cases are linked to liver cirrhosis, while others are de novo cases [2] .  
As per the report of the American Cancer Society, 31,780 liver cancer deaths 
occurred in the United States alone for the year 2019. Incidence rates (%) in total 
population the disease is approximately 2.5 per 100,000 population [3]. It is one of 
the most common malignancies in adults and is more common in men than women 
(2–4:1) and blacks than whites. All over the world, millions of deaths per year 
(about 10% of all deaths in the adult age range) can be attributed to hepatocellular 
carcinoma. Depending on geographic location, the occurrence of hepatocellular 
carcinoma varies. While incidence in the Western world is less than 2 per 100,000 
males, it is currently 40–60 per 100,000 in Africa and parts of the Far East. People 
of East Asian origin suffers the most from Hepatocellular carcinoma in United 
States. In the future, the prevalence of hepatocellular carcinoma may increase in the 
United States.

People with long-term liver diseases are most vulnerable to the risk of hepa-
tocellular carcinoma. As people who already have signs and symptoms of chronic 
liver disease are majorly suffering from HCC. Prolonged yellow skin, easy bruis-
ing from blood clotting abnormalities, abdominal swelling, appetite loss, weight 
loss, pain in the abdominal cavity, nausea, feeling tired, or vomiting may be 
directly associated with HCC [4]. The mortality rate of the patients (both sexes) 
suffering from liver around the world in 2018 is 781,631. Among which 72.4% 
of the total mortality cases were recorded in Asia. As per the current statistics, a 
comprehensive approach is urgently required that involves primary and secondary 
prevention and increased access to treatment, and more funding for liver-related 
research is needed to address the high death rates associated with chronic liver 
disease and liver cancer to decrease the average mortality rate by giving adequate 
treatments.

1.1 Risk factors

Cirrhosis of the liver mostly causes HCC, whereas other factors also majorly 
influence the risk of HCC among which 60–70% of cirrhosis is estimated to cause 
by heavy alcohol consumption (Figure 1).

Recognized risk factors include:

• Toxins: alcohol abuse, aflatoxin, iron overload state (hemochromatosis)

• Metabolic: nonalcoholic steatohepatitis, type 2 diabetes (probably aided by 
obesity)

There is a variable significance of these risk factors globally [5]. In regions where 
hepatitis B infection is endemic, such as southeast China, this is the predominant 
cause. In populations largely protected by hepatitis B vaccination, such as the 
United States, HCC is most often linked to causes of cirrhosis such as chronic 
hepatitis C, alcohol abuse, and obesity. The chance of developing HCC in children 
and adolescents increases if they suffer from congenital liver disorders.

1.2 Symptoms

Patients with hepatocellular carcinoma are frequently asymptomatic especially 
if the disease is diagnosed at an early stage. The major symptoms include abnormal 
weight loss, mild to high fever, diarrhea, fatigue, and anorexia [6].

89

Hepatocellular Carcinoma: A Pharmacological Aspect
DOI: http://dx.doi.org/10.5772/intechopen.92083

Symptomatic patients—Patients with advanced lesions may present with mild to 
moderate upper abdominal pain, weight loss, early satiety, or a palpable mass in the 
upper abdomen [7]. Paraneoplastic syndrome may occasionally develop in a patient 
with HCC [8].

Hypoglycemia—Hypoglycemia, which usually occurs in advanced HCC, is 
thought to result from the tumor’s high metabolic needs.Erythrocytosis—Tumor 
secretion of erythropoietin (EPO) majorly leads to erythrocytosis in HCC [9].

Hypercalcemia— Hypercalcemia can be present in association with osteolytic 
metastases, but it may also be seen in the absence of bony metastasis due to secre-
tion of parathyroid hormone-related protein [10].

Diarrhea—Patients with HCC may infrequently present with intractable diar-
rhea and associated electrolyte disturbances (e.g., hyponatremia, hypokalemia, 
metabolic alkalosis). The underlying mechanism is not fully understood, but it may 
be related to secretion of peptides that cause intestinal secretion. These include 
vasoactive intestinal polypeptide, gastrin, and peptides with prostaglandin-like 
immunoreactivity [11]. Cutaneous features—Although skin changes are rare in 
patients with HCC, several cutaneous manifestations have been described; however, 
none is specific for the diagnosis [12].

It involves the following:

• Dermatomyositis may present with a variety of cutaneous findings (e.g., scaly, 
violaceous papules overlying bony prominences of the hands) and is associated 
with solid organ malignancies.

• Pemphigus foliaceus is a superficial blistering disease similar to pemphigus 
vulgaris, except it rarely involves the mucous membranes. Blisters often appear 
as shallow erosions associated with erythema, scale, and crust formation, and 
the appearance may resemble severe seborrheic dermatitis.

• Sudden appearance of multiple seborrheic keratosis is the sign of Leser-Trélat, 
with acanthosis nigricans and skin tags.

• Multiple, round, or oval, sharply demarcated scaling patches have been 
reported in South African black patients with HCC characterized as Pityriasis 
rotunda [13].

Figure 1. 
Risk factors leading to the cause of HCC: (a) estimated cause of 80% cases globally, (b) alcohol abuse, 
aflatoxin; iron overload state (hemochromatosis); (c) alpha 1-antitrypsin deficiency; Wilson’s disease.



Liver Pathology

90

Other clinical presentations that may be seen in symptomatic patients with HCC 
are as follows.

A. Intraperitoneal bleeding due to tumor rupture. Tumor rupture is often 
associated with sudden onset of severe abdominal pain with distension and 
an acute drop in the hemoglobin and hypotension and is most commonly 
diagnosed by imaging the abdominal parts. A liver mass and free intraperi-
toneal blood can be demonstrated by doing computed tomography of the 
abdominal part [14]. Emergency angiography and embolization is required 
in case of bleeding as it can become a life-threatening complication [15]. If 
feasible, delayed resection may be considered although the risk of peritoneal 
dissemination is high [16].

B. Obstructive jaundice majorly caused by invasion of the biliary tree or due to 
compression of the intrahepatic duct.

C. Fever developing in association with central tumor necrosis.

D. Pyogenic liver abscess (very rare) [17].

1.3 Diagnosis

Early diagnosis of HCC is through screening or surveillance and is in treat-
able stage. Typically ultrasonography is performed every 6 months in screening 
and surveillance for abdominal imaging. A cross-sectional imaging of a detected 
nodule through ultrasonography using triple-phase CT or contrast-enhanced MRI 
is performed frequently. Increased tumor vascularity is observed in the arterial 
phase by radiographic features of HCC. Tumor invasion of the portal vein or lymph 
node enhancement identification is an additional imaging feature. Liver Imaging 
Reporting and Data System (LIRADS) systematically characterize these imaging 
findings diagnostic criteria that also incorporates tumor growth [18]. The resem-
blance of to normal hepatocytes to neoplastic cells assesses the degree of differen-
tiation of HCC [19].

The possibility of tumor seeding during the biopsy, and the patients with 
chronic kidney disease represent a particular challenge since MRI contrast agents 
are contraindicated in end-stage renal disease given the risk of renal toxicity [20].

The evaluation after HCC diagnosis is done through different techniques.
A multidisciplinary setting is required to select therapy after the diagnosis 

of HCC is made for further evaluations. History and physical examination and 
serologic and imaging tests are obtained to assess the patient’s liver reserve, perfor-
mance status, comorbidities, extent of tumor spread, and potential eligibility for 
liver transplantation. “Staging and prognostic factors in hepatocellular carcinoma” 
are the Multidisciplinary evaluations [21].

1. Surgical resection

2. Liver transplantation

3. Locoregional therapies

4. Ablative therapies (radiofrequency ablation, microwave ablation,  
cryoablation)
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5. Percutaneous ethanol or acetic acid ablation

6. Irreversible electroporation

7. Transarterial embolization (bland embolization, chemoembolization, radio-
embolization)

8. External beam radiotherapy

9. Systemic chemotherapy and immunotherapy

10. Laboratory tests—Complete blood count, platelets, renal function tests, 
 prothrombin time, albumin

11. Liver biochemical and function tests (i.e., bilirubin, aminotransferases, 
 alkaline phosphatase)

12. Imaging—Extent of tumor spread may be evaluated with the following 
 imaging exams:

a. Contrast-enhanced abdominopelvic computed tomography (CT) or 
magnetic resonance imaging (MRI) tailored for liver lesion evaluation (see 
“Modalities for HCC diagnosis” above)

b. Chest CT without or with intravenous contrast.

c. Whole body technetium-99m bone scan, if clinically indicated

2. Pathophysiology of HCC

2.1 Anatomy of the liver

The liver is one of the most complex and largest organs in the abdominal cavity. 
Lobules are the major microscopic functional units of the liver. Removal of endog-
enous and exogenous materials from the blood, carbohydrate homeostasis, complex 
metabolic processes including bile production, lipid metabolism, urea formation, and 
immune functions are some of the major functions performed by the liver. The upper 
posterior surface of the liver is outside of mesogastrium, a structure through which 
liver arises. The liver is connected to the anterior body wall by the ligamentum teres 
and falciform ligament. It connects to the stomach by the lesser omentum and the 
coronary and triangular ligaments to the diaphragm. The liver is the largest internal 
organ. The position of the liver is just beneath your right lung and under your right 
ribs. It has two lobes (sections) involving the right lobe and the left lobe. Women are 
in more risk to develop hepatic cancer and FNH tumors than men [22] (Figure 2).

Another type of cells in the liver called as bile ducts are the cells that line small 
tubes in the liver. The bile ducts carry bile from the liver to the gallbladder or 
directly to the intestines. It has many important functions: it breaks down and 
stores many of the nutrients absorbed from the intestine that your body needs to 
function. It delivers bile into the intestines to help absorb nutrients (especially 
fats). It breaks down alcohol, drugs, and toxic wastes in the blood, which then pass 
from the body through urine and stool. Several types of malignant (cancerous) and 
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Other clinical presentations that may be seen in symptomatic patients with HCC 
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benign (noncancerous) tumors can be formed through different types of cells in the 
liver. These tumors generated via different cell origins have different root causes, 
different modes of treatments, and have a different outlook. Hepatitis infection was 
linked to HCC by Beasley in 1981 [23].

2.2 Category of liver cancer

2.2.1 Primary liver cancer

A cancer that starts in the liver is called primary liver cancer that can be more 
than one type.

2.2.1.1 Intrahepatic cholangiocarcinoma (bile duct cancer)

Intrahepatic cholangiocarcinomas covers 10–20% of cancers that start in the 
liver. This type of cancer mostly starts in the bile duct where carcinogenic condi-
tions can be facilitated by the repetitions of inflammation [24].

2.2.1.2 Angiosarcoma and hemangiosarcoma

Cells lining the blood vessels of the liver are the rare causes of liver cancer. 
Exposure to vinyl chloride or to thorium dioxide (Thorotrast) may develop these 
cancers (see Liver cancer risk factors). Some other cases are thought to be caused 
by exposure to arsenic or radium or to an inherited condition known as hereditary 
hemochromatosis. It is difficult to investigate the exact cause for the development 
of cancer cells. These tumors grow quickly and are usually too widespread to be 
removed surgically by the time they are found. The pathogenesis of such HCC is 
made up of different genetic/epigenetic aberrations and alterations with many 
signaling pathways that lead to a known heterogeneity of the diseases’ biologic and 
clinical behavior [25].

Figure 2. 
Anatomy of the liver.
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2.2.1.3 Hepatoblastoma

Children with the age of below 4 years develops this rare form of cancer, that 
usually seen in the younger age. Fetal liver cells are similar to the cells of hepatoblas-
toma. It is harder to treat such tumors if they spread outside the liver, where surgery 
and chemotherapy are the successful therapies in treating two out of three children 
suffering from such a tumor. The genetic pathways that are affecting hepablastoma 
have to be further studied and analyzed [26].

2.2.2 Secondary liver cancer (metastatic liver cancer)

Most of the time when cancer is found in the liver, it did not start there but 
has spread (metastasized) from somewhere else in the body, such as the pancreas, 
colon, stomach, breast, or lung. As this cancer spreads from its original site, it is 
called a secondary liver cancer.

2.2.2.1 Benign liver tumors

Sometimes larger growth of benign tumors causes problems, though they do not 
grow into nearby tissues or do not spread to other distant parts of the body. Surgery 
can be the best therapy for such a kind of cancer.

2.2.2.2 Hemangioma

Hemangiomas start in the blood vessels and are considered another most com-
mon type of liver cancer. They generally do not show any symptoms but need to 
operate in chronic cases Multidetector-row computed tomography (MDCT) [27].

2.2.2.3 Hepatic adenoma

This tumor starts from hepatocytes (the main type of liver cell) with symptoms 
like pain in the abdomen, lump in the stomach area, or blood loss. In such cases 
there is always a risk of tumor rapture or further growth into a vigorous liver cancer. 
Thus, surgery is the most effective treatment advised by the experts. Fibrolamellar, 
pseudoglandular (adenoid), pleomorphic (giant cell), and clear cell are microscopi-
cally, the four architectural and cytological types (patterns) of hepatocellular 
carcinoma [28].

2.3 Remedies and treatment (staging)

Patients with cirrhosis and varying degrees of hepatic dysfunction are majorly 
prone to HCC. A careful assessment of hepatic function in addition to tumor 
parameters is thus required for the adequate treatment of HCC. Patients are often 
managed by multidisciplinary teams at tertiary referral medical centers (Figure 3).

2.3.1 Drugs in market and drugs under clinical trial

Various chemotherapeutic potent drugs for the treatment of HCC have been 
efficiently developed, and many are in the pipeline under different phases of clini-
cal trials. A brief enlisting of such drugs approved by the FDA and under clinical 
trials is depicted in Tables 1 and 2 [29].
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2.4 Therapeutic engineering

The following therapeutic treatment engineering options are available to 
patients with hepatocellular carcinoma (Figure 4).

S. no. Drugs Company Approved year

1 Sorafenib (Nexavar) Bayer and Onyx 2007 in the United States

2 Regorafenib (Stivarga) Bayer 2017 in the United States

3 Nivolumab (Opdivo) Bristol-Myers Squibb 2017 in the United States

4 Lenvatinib (Lenvima) Eisai Co. 2018 in the United States

5 Cabozantinib (Cabometyx) Exelixis Inc. 2018 in Europe

6 Pembrolizumab (Keytruda) Merck 2018 in the United States

7 Pembrolizumab Merck 2018 in the United States

8 Rozlytrek (entrectinib) Roche 2019 in the United States

9 Cabozantinib (Cabometyx) Exelixis 2019 in the United States

10 Ramucirumab (Cyramza) Eli Lilly 2019 in the United States

11 Atezolizumab TECENTRIQ® 2019 in the United States

Table 1. 
Recently approved drugs for the treatment of HCC [29].

Figure 3. 
Potential treatment options for HCC.
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2.4.1 Surgical therapy

Surgery is the treatment of choice for noncirrhotic patients suffering from 
HCC. However, only 20% of patients are potentially resectable at the time of pre-
sentation. In noncirrhotic patients, surgical mortality is less than 3% in experienced 
hands, but increases to 8% in patients with cirrhosis [3].

2.4.2 Liver resection

Surgery provides the best possibility for a cure. For that reason, every patient 
should be evaluated first and foremost for the possibility of resection. Organ removal 
can result in cure in early diagnosis states and overspreading of cancer in other organs.

Unfortunately, not all patients are eligible for liver resection. Resection is not 
indicated when (1) the tumor has spread to other parts of the liver or the body, (2) 
the size or location of the tumor resists the part of liver removal without compro-
mising the total functionality of the organ, (3) the associated cirrhosis or disease 
limits the ability to safely operate upon or remove part of the liver, and (4) other 
medical conditions make surgery unsafe [3].

2.4.3 Cryosurgery

Cryosurgery is a technique utilizing subzero temperatures to destroy tumors. In 
most cases, the tumor is destroyed but not removed. The placement of one or more 
probes (cryoprobe) into the tumor site using ultrasound to guide the placement is 
adopted in such a technique [3] (Figure 5).

Figure 4. 
Hepatocellular carcinoma in healthy cells.

S. no. Drugs Developed by Drugs in clinical trials

1 Milciclib (PHA-848125) Tiziana Life Sciences II Phase

2 Galunisertib (LY2157299) Eli Lilly II Phase

3 Ipafricept (OMP-54F28) OncoMed I Phase

4 Ipilimumab (Yervoy) Bristol-Myers Squibb II Phase

5 Brivanib Bristol-Myers Squibb III Phase

Table 2. 
Drug candidates in the pipeline under different phases of clinical trials [30].
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2.4.4 Radiofrequency ablation

Radiofrequency ablation (RFA) is a new technique that makes use of a “heating” 
probe to destroy tumors within the liver. A probe with thin tip is put into a tumor 
site. After deploying the tip array, an electrical current is applied, generating heat 
(80–100°C) that destroys the tumor (Figure 6).

This kind of technique can be done in an operating room or with a laparoscopic 
approach. RFA is used to treat the tumor, whereas the remaining parts of the tumor 
are removed by surgery.

2.4.5 Liver transplantation

In patients with small tumors and advanced cirrhosis (Child B or Child C) the 
treatment of choice is liver transplantation.

Patients who are not candidates for surgical resection or transplantation should 
be considered for other forms of treatment including cryosurgery, chemoemboliza-
tion, ethanol or cisplatin infusion, or radiofrequency ablation (Figure 7).

2.4.6 Interventional radiological therapy

The most commonly performed procedures in the treatment of unresectable 
liver tumors (i.e., those that are inoperable) are hepatic artery chemoembolization 
and hepatic artery chemoradiation. Most hepatic tumors are supplied by the hepatic 
arterial system, as opposed to normal liver tissue, in which most of the blood supply 
comes from the portal venous system. Chemoembolization is considered superior 
over intravenous pump infusion therapy because it delivers drug with more target 
specification. System toxicity is reduced as 85% of the total drug administered in 
the body is trapped in the liver itself [3] (Figure 8).

Figure 5. 
Cryosurgery of hepatocellular carcinoma.
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2.4.7 Ethanol injection by percutaneous method

Tumors less than 5 cm in diameter and patients with less than three lesions 
can be treated with percutaneous ethanol injection. It has been demonstrated that 
ethanol injection is more effective against hepatoma lesions than against metastatic 
lesions [3] (Figure 9).

Figure 6. 
Radiofrequency ablation in hepatocellular carcinoma.

Figure 7. 
Transplantation of the liver.
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Tumors less than 5 cm in diameter and patients with less than three lesions 
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ethanol injection is more effective against hepatoma lesions than against metastatic 
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Ultrasound vibrations are used to perform such a procedure. Ethanol is injected 
slowly into a lesion through a small needle that is inserted into the posterior aspect 
of the tumor. Patients may receive one or two sessions per week until the tumor is 
completely saturated. Post-procedural imaging, including CT and MRI, is typically 
conducted after 1 month and then every 4 months thereafter [3].

2.4.8 Percutaneous radiofrequency ablation

Frictional heat produced during percutaneous radiofrequency ablation causes 
destruction to the local tissues. This procedure is also performed under ultrasound 
guidance. A radiofrequency needle is inserted deep into the lesion, and multiple 
electrodes are deployed. The duration of the treatment varies from 6 to 15 minutes. 

Figure 8. 
Hepatic artery chemoembolization.

Figure 9. 
Percutaneous ethanol injection in hepatic tumors.
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Only limited data are available regarding the use of this technique to treat unresect-
able liver tumors, but preliminary studies have shown a trend toward prolonged 
survival [3] (Figure 10).

2.4.8.1 Cisplatin gel infusion percutaneous

Unresectable liver tumors can be treated by cisplatin gel infusion technique that 
is a new and promising therapeutic option [3] (Figure 11).

Clinical trials of this technique are undergoing in the United States as it has been 
recently developed. It is almost similar to percutaneous ethanol injection method. 
This technique is also performed in ultrasound vibrations like the percutaneous 
method. Cisplatin gel is infused into the deepest part of the tumor through a small 

Figure 10. 
Percutaneous radiofrequency ablation in hepatic tumors.

Figure 11. 
Percutaneous cisplatin infusion in hepatic tumors.
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needle. The chemotherapeutic drug is carried slowly by this gel into the tumor 
site. The gel slowly diffuses throughout the tumor and acts as a carrier of the 
 chemotherapeutic drug [3].

3. Conclusion

These explanations and findings show that the etiology of HCC is extremely 
complex, with many confounding factors affecting disease course and patient prog-
nosis. Excessive intake of alcohol, aflatoxin-contaminated food, obesity, and diabe-
tes are the major risk factors for the development of HCC. A better understanding 
of HCC may offer us the best chance of achieving earlier diagnosis and interven-
tion, which would ultimately improve the outlook for those at risk for developing 
HCC. These findings may support future studies in investigating the possibilities, 
developing adequate treatments with intra- and inter-variances of patients in mind, 
and aiming to improve the mortality for individuals with hepatocellular carcinoma.

4. Future directions

Despite many advances, the treatment of hepatocellular carcinoma is unsatisfac-
tory. As per the current clinical data we can expect, gene therapy and immunother-
apy may become more viable for the management and treatment of hepatocellular 
carcinoma in more safe and effective ways.
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4. Future directions

Despite many advances, the treatment of hepatocellular carcinoma is unsatisfac-
tory. As per the current clinical data we can expect, gene therapy and immunother-
apy may become more viable for the management and treatment of hepatocellular 
carcinoma in more safe and effective ways.

Acknowledgements

I thank all my coauthors who are listed, and the work was not funded by any 
institute or person.

Conflict of interest

We wish to declare that there are no known conflicts of interest associated with 
this publication, and there has been no significant financial support for this work 
that could have influenced its outcome.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

101

Hepatocellular Carcinoma: A Pharmacological Aspect
DOI: http://dx.doi.org/10.5772/intechopen.92083

[1] Seeff LB. Introduction: The 
burden of hepatocellular carcinoma. 
Gastroenterology. 2004;127(5):S1-S4

[2] Jung HJ, Kim HY, Jung SE, Park KW, 
Kim WK. Primary hepatic tumors 
in children. Journal of the Korean 
Association of Pediatric Surgeons. 
2005;11(2):107-114

[3] Gurakar A, Hamilton JP, Koteish A,  
Li Z, Mezey E. Hepatocellular 
Carcinoma (Liver Cancer): 
Introduction. 2001

[4] Blumgart LH, Fong Y, Jarnagin WR. 
Hepatobiliary Cancer. PMPH USA; 2000

[5] White DL, Kanwal F, El-Serag HB. 
Association between nonalcoholic fatty 
liver disease and risk for hepatocellular 
cancer, based on systematic review. 
Clinical Gastroenterology and 
Hepatology. 2012;10(12):1342-1359.e2

[6] Spagnolo P, du Bois RM, Cottin V. 
Rare lung disease and orphan drug 
development. The Lancet Respiratory 
Medicine. 2013;1(6):479-487

[7] Kew M, Dos Santos H, Sherlock S.  
Diagnosis of primary cancer of 
the liver. British Medical Journal. 
1971;4(5784):408-411

[8] Luo J-C, Hwang S-J, Wu J-C, Lai 
C-R, Li C-P, Chang F-Y, et al. Clinical 
characteristics and prognosis of 
hepatocellular carcinoma patients 
with paraneoplastic syndromes. 
Hepato-Gastroenterology. 
2002;49(47):1315-1319

[9] Tefferi A, Schrier SL. Diagnostic 
Approach to the Patient with 
Polycythemia. 2014

[10] Yen TC, Hwang SJ, Wang CC, 
et al. Hypercalcemia and parathyroid 
hormone-related protein in 
hepatocellular carcinoma. Liver. 
1993;13:311

[11] Steiner E, Velt P, Gutierrez O, et al. 
Hepatocellular carcinoma presenting 
with intractable diarrhea. A radiologic-
pathologic correlation. Archives of 
Surgery. 1986;121:849

[12] Dogra S, Jindal R. Cutaneous 
manifestations of common liver 
diseases. Journal of Clinical and 
Experimental Hepatology. 2011;1:177

[13] DiBisceglie AM, Hodkinson HJ, 
Berkowitz I, Kew MC. Pityriasis rotunda. 
A cutaneous marker of hepatocellular 
carcinoma in South African blacks. 
Archives of Dermatology. 1986;122:802

[14] Choi BG, Park SH, Byun JY, et al. 
The findings of ruptured hepatocellular 
carcinoma on helical CT. The British 
Journal of Radiology. 2001;74:142

[15] Chearanai O, Plengvanit U, 
Asavanich C, Damrongsak D, 
Sindhvananda K, Boonyapisit S. 
Spontaneous rupture of primary hepatoma: 
Report of 63 cases with particular 
reference to the pathogenesis and 
rationale treatment by hepatic artery 
ligation. Cancer. 1983;51(8):1532-1536

[16] Curley SA, Barnett Jr CC, 
Abdalla EK, Singal AG. Management 
of potentially resectable hepatocellular 
carcinoma: Prognosis, role of 
neoadjuvant and adjuvant therapy, and 
posttreatment surveillance.

[17] Lin YT, Liu CJ, Chen TJ, et al. 
Pyogenic liver abscess as the initial 
manifestation of underlying 
hepatocellular carcinoma. The American 
Journal of Medicine. 2011;124:1158

[18] Mitchell DG, Bruix J, Sherman M, 
Sirlin CB. LI-RADS (liver imaging 
reporting and data system): Summary, 
discussion, and consensus of the 
LI-RADS Management working group 
and future directions. Hepatology. 
2015;61(3):1056-1065

References



Liver Pathology

102

[19] Goodman ZD. Neoplasms of the 
liver. Modern Pathology. 2007;20 
(Suppl 1):S49-S60

[20] Swaminathan S, Horn TD, 
Pellowski D, Abul-Ezz S, Bornhorst 
JA, Viswamitra S, et al. Nephrogenic 
systemic fibrosis, gadolinium, and iron 
mobilization. The New England Journal 
of Medicine. 2007;357(7):720-722

[21] Schwartz JM, Carithers 
Jr RL, Sirlin CB, Kressel HY, 
Savarese DM. Clinical features and 
diagnosis of hepatocellular carcinoma.

[22] Mikołajczyk A. Invited brief 
commentary on the article “breast 
cancer association with Cytomegalo 
virus—A tertiary center case-control 
study” is Cytomegalo virus a breast 
cancer etiologic risk factor. Journal of 
Investigative Surgery. 2017;30:1-2

[23] Dongiovanni P, Romeo S, 
Valenti L. Hepatocellular carcinoma 
in nonalcoholic fatty liver: Role of 
environmental and genetic factors. 
World Journal of Gastroenterology. 
2014;20:1294

[24] Block TM, Mehta AS, Fimmel CJ, 
Jordan R. Molecular viral oncology of 
hepatocellular carcinoma. Oncogene. 
2003;22:5093-5107

[25] Bertino G, Demma S, Ardiri A, 
Proiti M, Gruttadauria S, Toro A, et al. 
Hepatocellular carcinoma: Novel 
molecular targets in carcinogenesis 
for future therapies. BioMed Research 
International. 2014;2014:203693

[26] McKillop IH, Moran DM, Jin X, 
Koniaris LG. Molecular pathogenesis of 
hepatocellular carcinoma. The Journal 
of Surgical Research. 2006;136:125-135

[27] Utsunomiya D, Oda S, Funama Y, 
Awai K, Nakaura T, Yanaga Y, et al. 
Comparison of standard-and low-
tube voltage MDCT angiography 
in patients with peripheral arterial 

disease. European Radiology. 
2010;20(11):2758-2765

[28] Chan AW, Zhang Z, Chong CC, 
Tin EK, Chow C, Wong N. Genomic 
landscape of lymphoepithelioma-like 
hepatocellular carcinoma. The Journal 
of Pathology. 2019

[29] Available from: https://www.cancer.
gov/about-cancer/treatment/drugs/liver

[30] María R, Leonardo GDF, 
Sandrine F. New trials and results in 
systemic treatment of HCC. Journal of 
Hepatology. 2018

103

Chapter 6

Acute on Chronic Liver Failure: 
Role of the Bacterial Infections
Mauro Borzio and Elena Dionigi

Abstract

Acute-on-chronic liver failure (ACLF) refers to a syndrome characterized by 
acute deterioration of liver function of a pre-existing chronic liver disease with 
increased short-term mortality at 3 months due to multiorgan failure. Definition 
of ACLF has been refined, but differences between western and eastern areas still 
exist. Diagnosis of ACLF as recommended by the EASL-CLIF consortium is based 
on the assessment of organ dysfunction. The pathogenesis of this syndrome is 
attributable to an exaggerated host response to inflammation, responsible for the 
severe haemodynamic derangement leading to multiorgan failure. ACLF is trig-
gered by precipitating events like acute hepatitis either viral, drug-induced, toxic, 
or alcoholic, variceal bleeding and sepsis. Bacterial infection is currently consid-
ered the most frequent trigger of ACLF in Western countries. Cirrhotic patients, 
particularly if decompensated are prone to develop bacterial infection because 
loss of integrity of the intestinal mucosal barrier and translocation of pathogen-
associated molecular patterns (PAMPs). Bacterial translocation may develop into 
overt infection at different sites, along with sepsis and septic shock that may lead to 
ACLF. Epidemiology of bacterial infection in cirrhosis has been changing and this 
accounts for new antibiotic regimens as empirical therapy in critically ill cirrhotic 
patients with bacterial infection. In this chapter, we will discuss on definition, 
pathogenesis, clinical aspects and therapy of bacterial infection-related ACLF.

Keywords: acute-on-chronic liver failure (ACLF), bacterial infection,  
multi-drug-resistant bacteria, cirrhosis, sepsis, septic shock

1. Introduction

Acute-on-chronic liver failure (ACLF) is a recently recognized syndrome 
characterized by acute function deterioration on an underlying liver cirrhosis or 
chronic liver disease associated with a high short-term mortality and an immense 
health care expenditure. There is a worldwide agreement that ACLF represents 
an acute deterioration of pre-existing chronic liver disease, usually triggered by a 
 precipitating event.

Although the pathogenesis of this syndrome is still under investigation, it 
seems to be largely attributable to an exaggerate host response to inflammation 
with release of circulatory proinflammatory cytokines and mediators which lead 
to hemodynamic and cellular dysfunction (cytokine storm). Bacterial infection 
represents the most important and frequent trigger cause of ACLF even though 
other trigger events like HBV reactivation or alcohol play a relevant role.



Liver Pathology

102

[19] Goodman ZD. Neoplasms of the 
liver. Modern Pathology. 2007;20 
(Suppl 1):S49-S60

[20] Swaminathan S, Horn TD, 
Pellowski D, Abul-Ezz S, Bornhorst 
JA, Viswamitra S, et al. Nephrogenic 
systemic fibrosis, gadolinium, and iron 
mobilization. The New England Journal 
of Medicine. 2007;357(7):720-722

[21] Schwartz JM, Carithers 
Jr RL, Sirlin CB, Kressel HY, 
Savarese DM. Clinical features and 
diagnosis of hepatocellular carcinoma.

[22] Mikołajczyk A. Invited brief 
commentary on the article “breast 
cancer association with Cytomegalo 
virus—A tertiary center case-control 
study” is Cytomegalo virus a breast 
cancer etiologic risk factor. Journal of 
Investigative Surgery. 2017;30:1-2

[23] Dongiovanni P, Romeo S, 
Valenti L. Hepatocellular carcinoma 
in nonalcoholic fatty liver: Role of 
environmental and genetic factors. 
World Journal of Gastroenterology. 
2014;20:1294

[24] Block TM, Mehta AS, Fimmel CJ, 
Jordan R. Molecular viral oncology of 
hepatocellular carcinoma. Oncogene. 
2003;22:5093-5107

[25] Bertino G, Demma S, Ardiri A, 
Proiti M, Gruttadauria S, Toro A, et al. 
Hepatocellular carcinoma: Novel 
molecular targets in carcinogenesis 
for future therapies. BioMed Research 
International. 2014;2014:203693

[26] McKillop IH, Moran DM, Jin X, 
Koniaris LG. Molecular pathogenesis of 
hepatocellular carcinoma. The Journal 
of Surgical Research. 2006;136:125-135

[27] Utsunomiya D, Oda S, Funama Y, 
Awai K, Nakaura T, Yanaga Y, et al. 
Comparison of standard-and low-
tube voltage MDCT angiography 
in patients with peripheral arterial 

disease. European Radiology. 
2010;20(11):2758-2765

[28] Chan AW, Zhang Z, Chong CC, 
Tin EK, Chow C, Wong N. Genomic 
landscape of lymphoepithelioma-like 
hepatocellular carcinoma. The Journal 
of Pathology. 2019

[29] Available from: https://www.cancer.
gov/about-cancer/treatment/drugs/liver

[30] María R, Leonardo GDF, 
Sandrine F. New trials and results in 
systemic treatment of HCC. Journal of 
Hepatology. 2018

103

Chapter 6

Acute on Chronic Liver Failure: 
Role of the Bacterial Infections
Mauro Borzio and Elena Dionigi

Abstract

Acute-on-chronic liver failure (ACLF) refers to a syndrome characterized by 
acute deterioration of liver function of a pre-existing chronic liver disease with 
increased short-term mortality at 3 months due to multiorgan failure. Definition 
of ACLF has been refined, but differences between western and eastern areas still 
exist. Diagnosis of ACLF as recommended by the EASL-CLIF consortium is based 
on the assessment of organ dysfunction. The pathogenesis of this syndrome is 
attributable to an exaggerated host response to inflammation, responsible for the 
severe haemodynamic derangement leading to multiorgan failure. ACLF is trig-
gered by precipitating events like acute hepatitis either viral, drug-induced, toxic, 
or alcoholic, variceal bleeding and sepsis. Bacterial infection is currently consid-
ered the most frequent trigger of ACLF in Western countries. Cirrhotic patients, 
particularly if decompensated are prone to develop bacterial infection because 
loss of integrity of the intestinal mucosal barrier and translocation of pathogen-
associated molecular patterns (PAMPs). Bacterial translocation may develop into 
overt infection at different sites, along with sepsis and septic shock that may lead to 
ACLF. Epidemiology of bacterial infection in cirrhosis has been changing and this 
accounts for new antibiotic regimens as empirical therapy in critically ill cirrhotic 
patients with bacterial infection. In this chapter, we will discuss on definition, 
pathogenesis, clinical aspects and therapy of bacterial infection-related ACLF.

Keywords: acute-on-chronic liver failure (ACLF), bacterial infection,  
multi-drug-resistant bacteria, cirrhosis, sepsis, septic shock

1. Introduction
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characterized by acute function deterioration on an underlying liver cirrhosis or 
chronic liver disease associated with a high short-term mortality and an immense 
health care expenditure. There is a worldwide agreement that ACLF represents 
an acute deterioration of pre-existing chronic liver disease, usually triggered by a 
 precipitating event.

Although the pathogenesis of this syndrome is still under investigation, it 
seems to be largely attributable to an exaggerate host response to inflammation 
with release of circulatory proinflammatory cytokines and mediators which lead 
to hemodynamic and cellular dysfunction (cytokine storm). Bacterial infection 
represents the most important and frequent trigger cause of ACLF even though 
other trigger events like HBV reactivation or alcohol play a relevant role.
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The prognosis of this syndrome remains dismal mainly because available thera-
peutic strategies, beside OLT, are ineffective and novel approaches are still lacking.

2. Acute-on-chronic liver failure

2.1 Definition

Definition of ACLF differs worldwide [1]. Three widely used definitions of 
ACLF are currently available from different geographic areas: the definition pro-
posed by European ACLF consortium (EASL-CLIF) [2] and the North American 
Consortium (North American Consortium for the Study of End-Stage Liver Disease 
NACSELD) [3] mostly adopted in western countries and definition proposed by the 
APASL consortium (ACLF research Consortium: AARC) which is largely employed 
in eastern countries [4, 5]. All these definitions are derived from analysis of data 
obtained in large series of patients prospectively recruited in different centers 
[2, 3, 5]. These definitions share some common items such as high mortality, but 
also significant differences including precipitating events, underlying liver disease, 
diagnostic and prognostic criteria. In the western areas, bacterial infection plays the 
most important pathogenetic role [6, 7] followed by alcohol abuse [8], whereas in 
the East, both hepatitis B and alcoholic hepatitis are considered the most frequent 
precipitating events [5]. In the CANONIC study the following factors were consid-
ered as precipitating events for ACLF: infection, current alcohol drinking, acute 
reactivation of chronic viral hepatitis, gastrointestinal bleeding or a recent medi-
cal procedure like paracentesis or transjugular intrahepatic portosystemic shunt 
positioning [6]. It is important to note that others clinical conditions have joined the 
list of precipitating causes of ACLF as DILI-related injury (mainly antitubercular 
drugs, herbal medicine, anti-retroviral drugs and methotrexate) [9, 10], autoim-
mune hepatitis reactivation [11] and more recently NASH [12].

The definition of organ failures is also variable among different definitions sug-
gesting that ACLF is not the same worldwide. Moreover, ACLF can occur not only in 
association with advanced cirrhosis but, as recently reported, even in chronic liver 
disease without cirrhosis and this issue is differently addressed in ACLF definitions 
[1]. However, ACLF should be distinguished from an acute liver failure in a pre-
existing perfectly normal liver. The definition of short-term mortality is not uni-
form as well. For example, in APASL definition this time frame is settled at 28 days 
whereas in EASL definition is settled at 3 months. All these differences account for 
the difficulty in assessing the true prevalence of ACLF. In order to merge the differ-
ent ACLF definitions, the World Gastroenterology Organization (WGO) tentatively 
proposed the following one: “ACLF is a syndrome in patients with chronic liver 
disease with or without previously diagnosed cirrhosis, characterized by acute 
hepatic decompensation resulting in liver failure (jaundice and prolongation of the 
international normalized ratio or INR) and one or more extrahepatic organ failures, 
associated with increased mortality up to 3 months [13].”

According to EASL-CLIF the definition of ACLF necessitates of extrahepatic 
organ failures (renal, brain, respiratory, and circulatory systems), being the sole 
liver failure insufficient for the diagnosis [3, 5, 6]. This specification is crucial to 
avoid to classify as ACLF an acute decompensation of an end-stage liver disease. 
Unfortunately, the definition of organ failure is not homogeneous among different 
regions being the agreement only on the definition of brain failure which should 
be graded as 3–4. Main issues showing agreement/disagreement among different 
definitions of ACLF are listed in Table 1.
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APASL EASL-CLIF NACSELD

Definition Acute hepatic insult manifesting 
as jaundice (serum bilirubin 
≥5 mg/dL) and coagulopathy 
(INR ≥ 1.5 or prothrombin activity 
<40%) and complicated within 
4 weeks by ascites and/or hepatic 
encephalopathy in a patient 
with previously diagnosed or 
undiagnosed chronic liver disease 
associated with high mortality

An acute 
deterioration 
of a preexisting 
chronic liver disease 
usually related to a 
precipitating event 
and associated with 
increased mortality 
at 3 months due to 
multisystem organ 
failure

A syndrome 
characterized by 
acute deterioration in 
a patient of cirrhosis 
due to infection 
presenting with two 
or more extrahepatic 
organ failure

Definition of 
liver failure

Bilirubin≥5 mg/dL, INR ≥ 1.5 Bilirubin >12 mg/dL Not specified

Source of 
definition

Prospective cohort of 3300 patients Prospective cohort of 
1343 patients

Prospective cohort of 
507 patients

Inclusion 
criteria

Compensated cirrhosis
CLD without cirrhosis
Acute insult to liver

Cirrhosis 
(compensated or 
decompensated)
Renal failure 
(mandatory)
Presentation not 
necessarily by liver 
failure
Repeated episode of 
ACLF admitted

Cirrhosis 
(compensated or 
decompensated)
Two extrahepatic 
organ failure
Presentation not 
necessarily by liver 
failure
Repeated episode of 
ACLF admitted

Exclusion 
criteria

Prior decompensation HCC Patients with infection 
but did not require 
hospitalization

HCC Cirrhosis without 
infection

HIV

Prior OLT

Disseminated 
malignancies

Time frame 4 weeks 4–12 weeks 
(variable)

Not defined

Acute insult Hepatic Hepatic or systemic Infection

Sepsis Consequence/complication Cause/precipitant Cause/precipitant

Organ failure Hepatic first, extrahepatic 
subsequently

Systemic 
inflammation leading 
to kidney failure as 
the primary with or 
without other organ 
failure

Systemic 
inflammation leading 
to extrahepatic organ 
failure

Disease 
severity score

AARC-score CLIF-C OF MELD

NACSELD-ACLF

Syndrome 
reversibility

Yes Not described Not described

Table 1. 
Agreement/disagreement among different ACLF definition.
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APASL EASL-CLIF NACSELD

Definition Acute hepatic insult manifesting 
as jaundice (serum bilirubin 
≥5 mg/dL) and coagulopathy 
(INR ≥ 1.5 or prothrombin activity 
<40%) and complicated within 
4 weeks by ascites and/or hepatic 
encephalopathy in a patient 
with previously diagnosed or 
undiagnosed chronic liver disease 
associated with high mortality

An acute 
deterioration 
of a preexisting 
chronic liver disease 
usually related to a 
precipitating event 
and associated with 
increased mortality 
at 3 months due to 
multisystem organ 
failure

A syndrome 
characterized by 
acute deterioration in 
a patient of cirrhosis 
due to infection 
presenting with two 
or more extrahepatic 
organ failure

Definition of 
liver failure

Bilirubin≥5 mg/dL, INR ≥ 1.5 Bilirubin >12 mg/dL Not specified

Source of 
definition

Prospective cohort of 3300 patients Prospective cohort of 
1343 patients

Prospective cohort of 
507 patients

Inclusion 
criteria

Compensated cirrhosis
CLD without cirrhosis
Acute insult to liver

Cirrhosis 
(compensated or 
decompensated)
Renal failure 
(mandatory)
Presentation not 
necessarily by liver 
failure
Repeated episode of 
ACLF admitted

Cirrhosis 
(compensated or 
decompensated)
Two extrahepatic 
organ failure
Presentation not 
necessarily by liver 
failure
Repeated episode of 
ACLF admitted

Exclusion 
criteria

Prior decompensation HCC Patients with infection 
but did not require 
hospitalization

HCC Cirrhosis without 
infection

HIV

Prior OLT

Disseminated 
malignancies

Time frame 4 weeks 4–12 weeks 
(variable)

Not defined

Acute insult Hepatic Hepatic or systemic Infection

Sepsis Consequence/complication Cause/precipitant Cause/precipitant

Organ failure Hepatic first, extrahepatic 
subsequently

Systemic 
inflammation leading 
to kidney failure as 
the primary with or 
without other organ 
failure

Systemic 
inflammation leading 
to extrahepatic organ 
failure

Disease 
severity score

AARC-score CLIF-C OF MELD

NACSELD-ACLF

Syndrome 
reversibility

Yes Not described Not described

Table 1. 
Agreement/disagreement among different ACLF definition.
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In summary, the most important differences between east and west definition of 
ACLF is the time frame of syndrome recognition. The western paradigm of organ 
failure as a prerequisite for the diagnosis of ACLF delays de facto of 7–14 days the 
presentation/diagnosis of the syndrome as compared to the eastern paradigm which 
indeed put the acute hepatic insult and liver failure as the starting point. According 
to AACR consortium, organ failure should not be used for definition of the syn-
drome, but only for prognostication [14].

2.2 Pathogenesis of ACLF

AS previously stated, ACLF is characterized by an excessive inflammatory 
response to different insults leading to a severe circulatory dysfunction involving sev-
eral organs and ending to multiorgan failure. Bacterial infection is a well-recognized 
cause of ACLF worldwide and it is the prevalent precipitating event according to the 
western definitions. Gut bacterial translocation is the initiating pathogenic mecha-
nism. Infection by viable bacteria can induce inflammation through two classes of 
molecules: pathogen-associated molecular patterns (PAMPs) and virulence-related 
factors [15]. Both PAMPS and virulence-related factors interact with the innate 
immunity through innate pattern recognition receptors (PRRs), and this results in 
production of several proinflammatory cytokines. If this response becomes excessive, 
the inflamed organism is exposed to a sort of “cytokine storm” responsible for tissue 
damage, which, in turn, causes the release of additional molecules: the damage-asso-
ciated molecular patterns (DAMPs) which accentuate and perpetuate inflammation 
[15]. This inflammatory cascade is the driven force leading to a full-blown ACLF.

However, not all cirrhotic patients exposed to bacterial infection will develop an 
ACLF. This would suggest that an individual susceptibility to inflammation does exist, 
the explaining mechanisms of which are still poorly understood. Furthermore, many 
patients developing ACLF do not have any identifiable precipitating event [6]. In these 
cases, it is hypothesized that ACLF might be initiated and sustained by undetected 
bacterial or fungal infection with subclinical intestinal translocation of bacterial PAMPs 
and succeeding increase of DAMP release. Targets of the “cytokine storm” are circulatory 
system, heart, lung, kidney, adrenal glands and brain [16]. The severity of dysfunction 
and the number of organ/systems involved are the main determinants of ACLF progno-
sis [13]. Circulatory dysfunction is characterized by a progressive peripheral arteriolar 
vasodilation (PAV) due to reduced vascular resistance responsible of reduced effective 
volemia and organ hypo-perfusion with consequent tissue damage. Heart failure is 
another hallmark of ACLF. Cardiac dysfunction is typically found in advanced cirrhosis 
and contributes to the reduction of effective volemia since the hyperdynamic state as a 
compensatory response to hypovolemia, becomes no longer able to compensate arterial 
vasodilation [17, 18]. By worsening of inflammation, hyper-dynamic state becomes even 
more pronounced and may shift into the so called “cirrhotic cardiomyopathy” found in 
40–50% of cirrhotic patients [19]. Damaged heart becomes no longer responsive to vaso-
active compounds and this causes further tissue damage perpetuating the vicious circle.

Renal failure is particularly frequent in ACLF. Acute kidney injury (AKI) 
defined as an increase in serum creatinine by ≥0.3 mg/dL in <48 hours or a 50% 
increase from a stable baseline within the past 3 months, occurs in about 20% of all 
hospitalized patients with cirrhosis [20]. AKI represents the most frequent organ 
failure in ACLF patients with a worse prognosis, hepatorenal syndrome type 1 being 
the most frequent prototype [21]. Hemodynamic instability and systemic inflam-
mation both concur to renal failure. AKI in ACLF is frequently associated with 
organic damage of kidney which should be ruled out as soon as possible in order to 
set the proper therapeutic approach (plasma volume expansion with albumin plus 
vasoconstriction therapy or renal replacement) [22].
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Brain failure, defined as grade 3 or 4 hepatic encephalopaty (HE), is part for the 
EASL-CLIF definition of ACLF and it is a strong prognostic predictor. In a large 
North American study, HE predicted short-term mortality independently of other 
organ failure [23, 24].

Relative adrenal insufficiency (RAI) is another complication detectable in 
almost half of cirrhotic patient with acute liver decompensation and should be 
regarded as part of multiorgan failure. It has been found to be associated with poor 
in-hospital survival, refractory shock, and renal failure [25]. In a prospective obser-
vational study, Piano et al. reported that cirrhotic patients with RAI have a high 
risk of developing sepsis, septic shock, organ failure, and death within 90 days. The 
authors concluded that RAI has similar prognostic value as non-renal organ failures 
and it should be included in the EASL-CLIF classification of ACLF [26].

2.3 Prognostic scores

The prognosis of ACLF is universally considered dismal with a mortality at 
4 weeks as high as 39%. Quantitation of short- and long-term mortality risk is of 
paramount importance to correctly planning therapeutic measures. This quantitation 
is quite difficult owing to the fact that ACLF patients differ as to precipitating events, 
grade of cirrhosis decompensation, number of organs involved and comorbidities.

Among single easily available laboratory parameters as predictors of outcome, 
lactate seems to be the most accurate one. In a cooperative European study [27] 
serum lactate on admission was directly related to the number of organs failing and 
to 28-day mortality (AUROC 0.72). In addition, both baseline lactate ≥5 mmol/L and 
12-hour lactate clearance emerged as independent predictors of 1-year mortality [27].

Multiple predictive scores have been proposed in the last few years. Classical 
scores as Child-Pugh score (CP), or the model for end-stage liver disease (MELD) 
and MELD-Na revealed to be inaccurate to correctly predict short-term mortality 
in ACLF patients. Therefore, several other multiparametric score systems have been 
proposed in the last few years, from western and eastern areas [14, 28, 29].

Recently, the EASL-CLIF consortium proposed the CLIF-SOFA score (Chronic 
Liver Failure-Sequential Organ Failure) [6] (Table 2). This score includes biochemi-
cal and clinical parameters indicative of organ function and stratifies ACLF patients 
into three grades of severity [6, 30–32]. This score was constructed over the assump-
tion, borrowed from the point of view of intensivists, that with increasing number 
of organ dysfunction or failure, the mortality would cumulatively increase. The 
CLIF-SOFAs, however, is complex, based on consensus and expert opinion rather 
than data, and did not significantly improve the prediction accuracy of other scores 

Organ system Score = 1 Score = 2 Score = 3

Liver: bilirubin (mg/dL) <6 6–12 >12

Kidney: creatinine(mg/dL) <2 2–3.5 >3.5 or renal replacement therapy

Brain: grade (West Haven) 0 1–2 3–4

Coagulation: INR <2.0 2.0 to <3.5 ≥3.5

Circulation: MAP (mmHg) ≥70 <70 Vasopressors

Respiratory (PaO2/FiO2) >300 ≤300 to > 200 ≤200

or SpO2/FiO2 >357 >214 to ≤ 357 ≤214

Column 3 defines organ failure.

Table 2. 
CLIF-C OF score and parameters to define organ failure.
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immunity through innate pattern recognition receptors (PRRs), and this results in 
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the inflamed organism is exposed to a sort of “cytokine storm” responsible for tissue 
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However, not all cirrhotic patients exposed to bacterial infection will develop an 
ACLF. This would suggest that an individual susceptibility to inflammation does exist, 
the explaining mechanisms of which are still poorly understood. Furthermore, many 
patients developing ACLF do not have any identifiable precipitating event [6]. In these 
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failure in ACLF patients with a worse prognosis, hepatorenal syndrome type 1 being 
the most frequent prototype [21]. Hemodynamic instability and systemic inflam-
mation both concur to renal failure. AKI in ACLF is frequently associated with 
organic damage of kidney which should be ruled out as soon as possible in order to 
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is quite difficult owing to the fact that ACLF patients differ as to precipitating events, 
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Among single easily available laboratory parameters as predictors of outcome, 
lactate seems to be the most accurate one. In a cooperative European study [27] 
serum lactate on admission was directly related to the number of organs failing and 
to 28-day mortality (AUROC 0.72). In addition, both baseline lactate ≥5 mmol/L and 
12-hour lactate clearance emerged as independent predictors of 1-year mortality [27].

Multiple predictive scores have been proposed in the last few years. Classical 
scores as Child-Pugh score (CP), or the model for end-stage liver disease (MELD) 
and MELD-Na revealed to be inaccurate to correctly predict short-term mortality 
in ACLF patients. Therefore, several other multiparametric score systems have been 
proposed in the last few years, from western and eastern areas [14, 28, 29].

Recently, the EASL-CLIF consortium proposed the CLIF-SOFA score (Chronic 
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cal and clinical parameters indicative of organ function and stratifies ACLF patients 
into three grades of severity [6, 30–32]. This score was constructed over the assump-
tion, borrowed from the point of view of intensivists, that with increasing number 
of organ dysfunction or failure, the mortality would cumulatively increase. The 
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like Child-Pugh and MELD. For these reasons, in 2014 the CLIF Consortium, using 
CANONIC database, developed a simplified score named CLIF-C OF score (Organ 
Failure) derived from CLIF-SOFA one. Patients are stratified into three-point range 
and scored 6–18. This score confirmed to perform better than CP and MELD. A 
further refinement was obtained by adding to CLIF-C OF score age and white blood 
cells count. This refined version, named CLIF-C ACLF, was the result of a mathemati-
cal model constructed by logistic analysis carried out upon CANONIC database and 
validated on a validation set of ACLF patients. Patients are scored 1–100 by a bedside 
easy-to-use tool which is now available at the CLIF Consortium website: http://www.
clifconsortium.com/ [28]. Both CLIF-C OF and CLIF-C ACLF scores showed bet-
ter prognostic performance than the conventional prognostic scores [2, 28, 33]. In a 
recent retrospective study carried out on a cohort of 343 consecutive cirrhotic patients 
with ACLF diagnosed according to the EASL-CLIF definition and aimed at compar-
ing eight different prognostic scores, emerged that CLIF-SOFA and CLIF-C OF scores 
displayed the highest predictive accuracy [34]. In this study a CLIF-C OF score of 8 
or lower had a 92.0% NPV and 97.8% sensitivity, while a score of 17 or higher allowed 
for a 95.0% PPV and 99.4% specificity for the prediction of 28-day mortality.

The North American Consortium for the Study of End-Stage Liver Disease 
(NACSELD) in 2014 built a predictive score of short-term mortality named 
NACSELD-score further refined in 2018 [3]. According to NACSELD-ACLF score 
the presence of at least two organ failures such as shock, grade 3 or 4 encephalopa-
thy, renal failure requiring hemodialysis, or respiratory failure requiring mechani-
cal ventilation, accurately predicted 30-day survival. This score has been further 
validated in a population-based study on over 100,000 patients included in a large, 
North America representative database of hospital discharges (NIS). In this study, 
NACSELD-ACLF predicted survival with an area under the ROC curve 0.77 [35].

APASL consortium proposed a prognostic score named AARC with an elevated 
accuracy to predict early and late mortality (AUROC >80%) in patients with ACLF. 
Variables included in AARC score are bilirubin, INR, lactate, ascites and HE [14] 
(Table 3). According to this score patients are stratified as Grade I for a score of 5–7, 
Grade II for 8–10 and Grade III for 11–15 with 28-day mortality of 12.7, 44.5 and 
85.9%, respectively. The score also predicted well 28 and 90-day survival.

In summary, beyond which is the best available predictive score of ACLF to be 
adopted, early diagnosis and rapid prognostication are essential to positively impact 
on outcome of this severe complication.

2.4 Treatment

Treatment of ACLF demands for a multi-disciplinary approach involving hepa-
tologist, intensivist, infection control team, nutritionist and transplant team. The 
target of treatment is to cure the precipitating event on one side and liver, kidney, 
heart and brain failure and circulatory dysfunction on the other.

Points Total bilirubin HE grade PT-INR Lactate (mml/L) Creatinine

(mg/dL) (mg/dL)

1 <15 0 <1.8 <1.5 <0.7

2 15–25 I–II 1.8–2.5 1.5–2.5 0.7–1.5

3 >25 III–IV >2.5 >2.5 >1.5

Grade1: score 5–7, Grade 2: score 8–10, Grade 3: score 11–15.

Table 3. 
AACR-ACLF score.
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2.4.1 Treatment of liver failure

In the setting of ACLF, liver transplant (OLT) is the only potentially curative 
option. However survival benefit shows great variability ranging from 43 to 75% 
in European series [36–38] and above 90% in Asia-Pacific regions [39]. The deci-
sion whether or not to list a patient for OLT has to cope with two relevant issues: 
urgency and futility. Urgency is motivated by the finding of around 67% mortality 
on waiting list for ACLF patients. This high rate of mortality is mainly due to sepsis, 
respiratory failure with mechanical ventilation, high vasopressor requirement and 
need of renal replacement treatment (RRT).

On the other hands futile transplants must be avoided. Indeed, post-transplant 
course in too sick patients if often characterized by severe prognosis. Many authors agree 
that OLT should not be offered when cardiac or pulmonary support is needed or there is 
rapidly progressive organ failure since, in these instances, OLT is unlike to offer survival 
benefit [40]. A recent observational study by Sundaram et al. [41] revealed that in 
patients with impairment of ACLF-3 grade score at listing to a lower grade at transplan-
tation, post-transplant mortality was significantly lower than in patients without this 
impairment (12% vs. 18%). Improvement in circulatory failure, brain failure, or removal 
from mechanical ventilation has the strongest impact on post-transplant survival. These 
data further reinforce the paradigm that early selection of good candidates for OLT 
(realistically within the first week from admission) is mandatory to avoid futility. To 
maximize survival benefit through a correct selection of good candidate to OLT, some 
algorithms have been proposed but they are still waiting an external validation [42, 43].

Besides OLT, other therapies for liver failure have been tempted in the last few 
years with discordant results. This is due, at least in part, to the different criteria 
employed to define ACLF from different geographic areas, making hard draw-
ing definite conclusions. Based on the assumption that ACLF may result from an 
exaggerated response to inflammation with high levels of circulating pro- and 
antiinflammation substances, extracorporeal depurating devices such as molecu-
lar adsorbent recirculating system (MARS) [44] and the PROMETHEUS [45] 
could have a role as a bridging therapy to OLT. Unfortunately, data on efficacy of 
these instruments are disappointing. In a meta-analysis and systematic review by 
Kiaergard et al., no benefit of MARS treatment in reducing mortality as compared 
to standard medical therapy was noted [46]. These conclusions were further 
confirmed by two recently published European randomized multicentric controlled 
trials, that is, HELIOS (for Prometheus) [45] and RELIEF trial (for MARS) [44] 
showing no benefit with these modalities on short-term transplant-free survival. 
Hence, their use is currently not recommended by international guidelines. 
Bioartificial liver (BAL) support devices such as AMC-BAL Bioreactor, HepatAssist 
device (employing porcine hepatocytes attached to collagen-coated micro carriers 
and charcoal columns) and extracorporeal liver assist device (ELAD)-C3A employ-
ing human hepatoblastoma cells provided inconsistent results on survival [47].

Thus, besides OLT, treatment of liver failure still remains largely disappointing.
An interesting issue is the use of non-selective beta-blockers in ACLF patients. 

In a retrospective study by Mookerjee et al. carried out on a subgroup of patients 
enrolled in the CANONIC study, those patients on carvedilol treatment (47%) had 
lower 28-day mortality (24% vs. 34%, p = 0.048), a less severe ACLF and a slower 
progression of ACLF during the study period than those not on NSBB. Moreover, 
patients who discontinued NSBBs (n = 78) after development of ACLF had a higher 
mortality (37% vs. 13%) [48]. These data prompted a randomized controlled trial 
by Kumar et al. [49] on carvedilol administration to ACLF patients without esopha-
geal varices and moderately increased HVPG. The authors reported that carvedilol 
leaded to improved survival and lowered the risk of developing AKI and SBP up 
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to 28 days. However, these preliminary data need to be further confirmed, before 
carvedilol can enter the medical armamentarium of hepatologists to cure ACLF.

2.4.2 Treatment of renal failure

Acute kidney injury (AKI) is the most common organ failure in patients with 
ACLF, being type1 hepatorenal syndrome (HRS1) the more severe prototype. It has 
been demonstrated that AKI complicating ACLF is more severe than AKI compli-
cating cirrhosis and lesser responsive to treatment [22]. The correct approach to 
AKI in cirrhosis has been specifically addressed in the last few years. Early diagnosis 
of AKI is crucial to adopt the correct treatment. A multidisciplinary panel of 
experts recently proposed a useful diagnostic algorithm based on serum creatinine 
(Scr) monitoring [50]. It should be remembered that serum creatinine tends to 
overestimate kidney function in cirrhotic patients. For hospitalized patients, the 
International Ascites Club suggests referring to the Scr determined in the last 
3 months as a baseline value to monitor and stage AKI while GFR assessment is 
not recommended [20]. Oliguria is a useful tool for diagnostic purposes and even 
a useful clinical parameter in determining the severity of renal dysfunction as 
well. Worsening oliguria or development of anuria should be considered as AKI 
until proven otherwise, regardless of any rise in Scr [20]. Volume expansion is the 
mainstay step for management of AKI. Albumin should be preferred over crystal-
loids owing to its oncotic and non-oncotic properties and it must be the first choice 
plasmaexpander in case of bacterial infection, suspected type-1 HRS or when the 
cause of AKI is unclear. The recommend regimen is infusion of 25% albumin 1 g/
kg day 1 followed by 20–40 g/day until renal function improves [20]. The goal of 
albumin infusion is to counteract the dramatic renal hypoperfusion and intrarenal 
vasoconstriction. Albumin plus vasoconstrictors infusion as terlipressin is the rec-
ommended combined therapy for HRS1 and it should be started as soon as possible. 
The earlier we start vasoconstrictor therapy the greater the chance of survival [51].

Renal replacement is the only reasonable approach when renal damage super-
venes. RRT is recommended in case of worsening AKI, worsening fluid overload 
despite diuretic therapy or worsening acid-base status [52]. The role of dialysis 
however, is still under evaluation and in clinical practice; it is mostly reserved to 
patients candidate for OLT [50, 53].

2.4.3 Treatment of circulatory and cardiac dysfunction

As previously outlined, circulatory dysfunction due to vascular vasodilation and 
consequent hypotension is a severe complication of ACLF. Cirrhotic patients with 
hyperdynamic and hypodynamic circulatory state have a higher risk of fatal ACLF 
[54]. It has been shown that arterial hypotension is an independent risk factor for 
ACLF development [55]. In particular, cirrhotic patients with hyperdynamic state 
as expressed by increased cardiac index, (>CI4.2 L/min/m2) have increased levels 
of circulating IL-6/8 and PCR and are at major risk to develop fatal ACLF [54]. 
Pharmacologic support including the amine infusion, inotropic substances and 
fluid administration are the recommended approach [53]. In critically ill patients, 
a mean arterial pressure of 60 mmHg or more should be the target [56]. Repeated 
serum lactate determination is the best way to monitor circulatory dysfunction and 
repeated lactate determination is more informative than the absolute value due to 
the impaired lactate clearance in patients with cirrhosis [57].

Careful attention to fluid supplementation is mandatory since, in cirrhosis, an 
aggressive fluid administration may lead to tissue edema and to an increased total 
body water retention which may adversely affect the outcome [58–62]. It is well 
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known that cirrhotic patients are particularly prone to develop extracellular edema, 
ascites and pulmonary edema as a consequence of too aggressive fluid administra-
tion. In volume depleted patients, normal 0.9% saline solution at an initial dose of 
10–20 ml/kg or balanced salt solutions such as PlasmaLyte are recommended  
[63, 64]. Albumin infusion as plasmaexpander is highly recommended. The benefits 
of albumin infusion in patients with cirrhosis go beyond simple volume expansion 
and rely on its numerous biological properties [65, 66]. Albumin infusion is strongly 
recommended in three specific situations: SBP, large volume paracentesis and type-1 
HRS [67–72]. In addition, albumin infusion prevents AKI in patients with infections 
other than SBP [73, 74]. As to the amine choice, norepinephrine should be the first 
line agent being associated to fewer adverse events [75]. Vasopressin and terlipres-
sin may be used as second line agents able to achieve hemodynamic improvement 
[76–79]. Corticosteroids in critically ill patients may be beneficial in reducing vaso-
pressor doses and increasing the rate of shock reversal [25, 80, 81]. The rationale 
of corticosteroids administration lies on the relative adrenal insufficiency (RAI) 
that commonly comes along with circulatory dysfunction in critically ill cirrhotic 
patients. Corticosteroids have demonstrated a survival benefit in some [25, 82] but 
not in all studies [80, 81]. Hydrocortisone 200–300 mg/day in divided doses should 
be administered to patients partially responsive to vasopressor agents [83, 84].

2.4.4 Treatment of neurologic dysfunction

Brain dysfunction is part of multiorgan failure complicating ACLF and HE grade 
3 or 4 is required for diagnosis of ACLF according to EASL-CLIF definition. The 
correct interpretation and differential diagnosis of brain dysfunction is challeng-
ing since several conditions may be in cause. EEG changes are of limited value in 
the diagnosis of HE, even though EEG may help excluding other causes of altered 
mental status. Brain imaging could be useful to exclude other causes of altered 
mental status and, in particular, to exclude intra-cerebral hemorrhage in critically 
ill cirrhotic patients with coagulative disorders [85].

Measurement of fasting ammonia is routinely performed in clinical practice to 
differentiate HE from other conditions. Nevertheless, high ammonia levels alone 
are not recommended for diagnosis of HE since false positive results are frequent. 
West-Haven criteria (WHC) are useful for HE staging and managing [50] and 
advanced grade [3, 4] indicate those patients needing airways protection. Glasgow 
coma scale (GCS) is another simple clinical tool widely employed in HE patients 
and a threshold <8 is a useful parameter to decided airway protection [86].

Lactulose is the recommended initial therapy for HE. Other options such as 
rifaximine, LOLA, intravenous albumin, or other laxatives are currently not recom-
mended for HE treatment [50].

3.  Multidrug-resistant bacterial infections in patients with  
acute-on- chronic liver failure

3.1 Epidemiologic considerations

Cirrhotic patients are particularly prone to develop bacterial infection [87] and 
bacterial infection may trigger an ACLF in up to 50% of cases in western countries 
[3, 6, 88–90]. On the other hand, patients with ACLF are likely to develop sponta-
neous and secondary bacterial infections. [6, 88, 91]. Bacterial infections increase 
short-term mortality by 2–4 fold, [7, 91, 92] and it is the most important prognostic 
predictor of bad outcome [88, 93–95].
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Epidemiologic characteristics of bacterial infection have changed in the last decades. 
Until the 90s, Gram-negative bacteria were by far the main organisms detected in 
patients with cirrhosis and spontaneous bacterial peritonitis (SBP) and pneumonia 
were the most frequent sites of infection [9, 96–98]. In the last two decades we wit-
nessed a steady increase of gram-positive isolates. In a recent international cooperative 
study (Global Study) by Piano et al. including 1302 patients with bacterial infections 
(43% from Europe,32% from Asia and 25% from America), the prevalence of positive 
bacteria was up to 38% [99]. As to the site of infection, more recent studies, confirmed 
SBP, urinary tract infection, and pneumonia as the most frequent sites [99–106]. Fungal 
infection is an emerging problem as well, particularly in cirrhotic patients needing ICU 
stay [107]. Noticeably, in the multi-center study of Galbois et al. [108], including 31.251 
patients in ICU for septic shock, the fungal infections were more frequent in cirrhotic 
than non-cirrhotic patients (9.9% vs. 6.3%, P < 0.05). Unfortunately, in most instances 
fungal infection is not recognized and this could cause delayed diagnosis, treatment 
failure and high mortality rates [109–111]. Thinking to prophylactic antifungal treat-
ment in severely ill patients without improvement after 48 hours of antibiotics, or in 
those in dialysis, corticosteroid treatment or carrying central devices is highly war-
ranted and could also help improving the otherwise poor outcome.

Experts agree that early diagnosis is critical in determining the course of infection 
in cirrhotic patients [88, 112]. The acute phase proteins, such as C-reactive protein 
and procalcitonin, were reliable and early biomarkers for bacterial infection and are 
currently recommended as screening tools for the presence of bacterial infections 
along with routine cultural examination. Biomarkers such as galactomannan or B–D 
glucan are recommended for supporting the diagnosis of invasive fungal infection.

In the last 20 years, however, we record an increasing rate of bacterial infections 
sustained by multidrug-resistant (MDR) bacteria, and resistance to antibiotics is 
becoming a major global public health problem [113–118]. Recurrent hospitaliza-
tions, invasive procedures and repeated exposures to prophylactic or therapeutic 
antibiotics constitute known risk factors for drug-resistant organisms, in patients 
with decompensated cirrhosis [115]. According to internationally accepted defini-
tion, resistant bacteria can be divided into three different groups, depending on 
susceptibility to different class of antibiotics. Multidrug resistant bacteria (MDR) 
are isolates non-susceptible to at least one agent in three or more antimicrobial cat-
egories, extensively-drug resistant (XDR) are those non-susceptible to at least one 
agent in all but 2 or fewer antimicrobial categories and pandrug-resistant (PDR) are 
those non-susceptible to all currently available agents [119].

Data on prevalence and type of MDR derive mainly from single-center studies 
[89, 90, 96–98, 120, 113, 115–117, 121, 122] or from multicenter studies performed in 
specific countries [102] or assessing specific infections [123]. Canonic Study database 
represents an important source of information on the prevalence of MDR bacterial 
infections in cirrhosis across Europe, potential epidemiological differences among 
regions and centers, the characteristics of these infections, their impact on prog-
nosis, risk factors for MDR and type and efficacy of empirical antibiotic treatment 
employed [6, 106]. According to CANONIC data, prevalence of MDR bacterial infec-
tions in Europe varies in different countries being higher in Northern and Western 
Europe [106].

In the Global study [99], the overall prevalence of MDR bacterial infections 
varies among series from a minimum of 8% in Turkey to 27–46% in Italy peaking in 
Korea and India (87 and 69%, respectively). This high rate of MDR bacteria found 
in India may be, at least in part, explained by non-prescriptional access to antibiot-
ics in this country [124].

In Europe and USA, the highest prevalence of MDR is registered in nosocomial 
and health-care associated infections [91, 100, 103, 104, 116, 117, 121, 122, 125–129]. 

113

Acute on Chronic Liver Failure: Role of the Bacterial Infections
DOI: http://dx.doi.org/10.5772/intechopen.93440

All these data unequivocally confirm that the rate of MDR bacterial infections has 
increased almost 10%, in the last 10 years and it is becoming a problem of growing 
clinical relevance in decompensated cirrhosis and ACLF. As to the type of MDR, ESBL-
producing Enterobacteriaceae, VSE and MRSA are those most frequently isolated [28, 
89, 102, 122, 123, 130]. However, the type of resistant strain significantly differs across 
countries and centers [91, 99, 106]. The Canonic study revealed that ESBL and Amp-C 
producing Enterobacteriaceae were more frequently isolated in France, Italy, the UK 
and the Netherlands; VSE predominated in France and Austria and MRSA in infections 
occurring in the Netherlands, the UK and Ireland. This continuous change in isolated 
strains among countries demands to develop surveillance programs aimed at investigat-
ing the prevalence and epidemiological pattern of MDROs at each hospital [131].

XDR bacteria must be considered extremely dangerous in cirrhosis (as in other 
settings), and their prevalence is far from being negligible. In the study of Piano 
et al., the rate of XDR was 16% in Asia,4% in America and 5% in Europe [99].

The problem of multi-drug resistance is particularly evident in ACLF or acute liver 
decompensation. In a study by Fernandez et al., prevalence of overall infection and, in 
particular, of nosocomial infections (53% vs. 22%, p < 0.001) caused by MDRs (16% vs. 
3%, p = 0.01) was significantly higher in ACLF than AD [91]. In CANONIC database 
[106], ESBL-producing Escherichia coli, VSE, MRSA and ESBL-producing Klebsiella 
pneumoniae were the most frequent strands. The overall prevalence of MDR bacterial 
infections was 14.8% and 29.2% in culture-positive episodes and were more frequently 
isolated in bacteremia (28.6%), pneumonia (23.5%), and UTI (20.7%). MDR bacteria 
were also more frequently isolated in the ICU (23.8% vs. 12.2%, p = 0.005) and in noso-
comial infections (21.3% vs. 8.3% and 6.6% in CA and HCA infections, respectively, 
p < 0.001). Finally, MDRs were more prevalent in infections causing severe sepsis/shock 
(30.3% vs. 12.2%, p < 0.001) or ACLF (20.5% vs. 9.4%, p < 0.001).

3.2 Therapeutic considerations

Due to the urgency to treat suspected bacterial infection in critically ill cir-
rhotic patients before susceptibility tests are available, an empirical approach is the 
rule. Two types of empirical antibiotic strategies are usually employed: “classical” 
strategies based on third-generation cephalosporins, amoxicillin-clavulanic-acid/
cloxacillin or quinolones and “MDR covering strategies” including piperacillin-
tazobactam, carbapenems, ceftazidime/cefepime ± glycopeptides or linezolid/dap-
tomycin. The latter is generally considered when we face to healthcare-associated 
(HCA) or nosocomial infections [91, 113].

The initial empirical antibiotic therapy is considered appropriate when the 
antibiotic has activity in vitro adequate for the isolated pathogen in culture positive 
infections or when it solves the infection without need for further escalation, in 
culture-negative infections. Otherwise, the initial therapy is considered inappropri-
ate [91]. When the first-line empiric antibiotic therapy failed, patients experienced a 
higher rate of renal failure and death during hospitalization [102, 132] as confirmed 
by the study by Umgelter et al. [127] who found an association between failure of 
antibiotic first line regimen and mortality in SBP patients. Even, Fernandez et al. 
[113] reported a frequent inefficacy of the empiric antibiotic therapy in patients with 
high risk of death, especially in nosocomial infections. All these observations rein-
force the relevance of an appropriate first line antibiotic administration in ACLF [88].

3.3 Type and efficacy of first line antibiotic strategies

The emergence of multidrug-resistant (MDR) and extensively drug-resistant 
(XDR) bacteria has led to a decrease in the efficacy of classical empirical strategies 
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rhotic patients before susceptibility tests are available, an empirical approach is the 
rule. Two types of empirical antibiotic strategies are usually employed: “classical” 
strategies based on third-generation cephalosporins, amoxicillin-clavulanic-acid/
cloxacillin or quinolones and “MDR covering strategies” including piperacillin-
tazobactam, carbapenems, ceftazidime/cefepime ± glycopeptides or linezolid/dap-
tomycin. The latter is generally considered when we face to healthcare-associated 
(HCA) or nosocomial infections [91, 113].

The initial empirical antibiotic therapy is considered appropriate when the 
antibiotic has activity in vitro adequate for the isolated pathogen in culture positive 
infections or when it solves the infection without need for further escalation, in 
culture-negative infections. Otherwise, the initial therapy is considered inappropri-
ate [91]. When the first-line empiric antibiotic therapy failed, patients experienced a 
higher rate of renal failure and death during hospitalization [102, 132] as confirmed 
by the study by Umgelter et al. [127] who found an association between failure of 
antibiotic first line regimen and mortality in SBP patients. Even, Fernandez et al. 
[113] reported a frequent inefficacy of the empiric antibiotic therapy in patients with 
high risk of death, especially in nosocomial infections. All these observations rein-
force the relevance of an appropriate first line antibiotic administration in ACLF [88].

3.3 Type and efficacy of first line antibiotic strategies

The emergence of multidrug-resistant (MDR) and extensively drug-resistant 
(XDR) bacteria has led to a decrease in the efficacy of classical empirical strategies 
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based on the administration of third-generation cephalosporins. The resistance to 
classical empirical antibiotic regimens is associated with a higher mortality rate, 
an increased duration of in-hospital stays and higher healthcare related costs when 
compared to infections caused by susceptible strains [89, 91, 98, 99, 116, 133, 134]. 
To date, it is recommended to treated nosocomial and HCA infections with empirical 
MDR covering strategies, whether a classical empirical approach is recommended 
for CA infections (Table 4). Empirical MDR covering strategies are usually more 
effective than empiric classical schemes in nosocomial infections (81.7% vs. 68%, 
respectively, p = 0.01) with a positive impact on short-term survival. A trend towards 
statistical significance is also observed in severe sepsis/shock (81.3% vs. 60.9%, 
p = 0.06). Inadequacy of first line antibiotic strategies increased 28-day mortality in 
both AD (33.3% vs. 7.7%, p < 0.001) and ACLF patients (50% vs. 25.8%, p = 0.002).

Thus, broad schemes covering all potential pathogens should be empirically 
used in the nosocomial setting and in severe sepsis/shock, followed by rapid 
de-escalation strategies to avoid a further spread of antibiotic resistance [88, 106, 
114, 135]. In a recent retrospective study from Germany [136] the authors evaluated 
the efficacy of different first line empirical antibiotic therapies in ACLF patients 
with SBP. From this study emerged that meropenem-daptomycin (99.5%), merope-
nem-linezolid, (98.5%) and meropenem-vancomycin (96.8%) combination scheme 
had the highest antimicrobial susceptibility rates and piperacillin/tazobactam 
had the highest antimicrobial susceptibility rates among the monotherapies/fixed 
combinations considering all of the Gram-negative and Gram-positive bacteria. 
On the contrary, classical empiric therapy based on cefotaxime or ceftriaxone 
showed a sensibility as low as 60%. Susceptibility of bacteria to these combination 
regimens positively impacted on inpatient mortality and complications. However, 
some pharmacologic and pharmacokinetic properties of these antibiotics should 
be considered when empirical MDR covering therapy has to be started. Linezolid 
achieves rapid penetration in peritoneum and rapidly reaches high concentration in 
tissue [137]. However, in patients with concomitant sepsis, it might not be the best 
option because the effect is more towards the bacteriostatic side, and thus might be 
too weak to ideally treat the bacteremia component [137]. Contrarily to linezolid, 
vancomycin has a lower tissue concentration and weak penetrability [138]. It is 
therefore should be preferred for sepsis [138]. Daptomycin has a very low concen-
tration in the peritoneal cavity (only 6% of that in serum) [139]. Thus, daptomycin 
should be the first-choice antibiotic to treat bacteremia and sepsis being safer than 
vancomycin. As to gram-negative infection, thanks to their moderate volume of dis-
tribution and excellent penetrability both piperacillin/tazobactam and meropenem 
could be used for infection of peritoneum as well as bacteremia/sepsis [140, 141].

As in other settings, there is a cogent need to evaluate new strategies for prevent-
ing the spread of antibiotic resistance in cirrhotic population. Many studies are inves-
tigating epidemiological surveillance through regular assessment of potential carriers 
of MDRs through rectal and nasal swabs during hospitalization [142, 143], rapid 
microbiological tests [144, 145] and antibiotic stewardship programs [112, 146, 147].

As previously stated, fungal infection is an emerging problem in cirrhotic 
patients, particularly in those with ACLF hospitalized in ICU. An early diagnosis of 
fungal infection and antifungal treatment is prognostically crucial and it has been 
associated with improved outcome [148]. Triazoles (fluconazole, itraconazole, 
voriconazole, and posaconazole) are the most frequently employed antifungal 
agents. However, due to reported emergence of azole resistant non-albicans spp., 
the first line treatment recommended in critically ill patients shifted toward a new 
antifungal class: the echinocandins (caspofungin, anidulafungin, and micafungin). 
Echinocandins are indeed, the recommended first-line treatment for patients with 
cirrhosis and nosocomial spontaneous fungal peritonitis. The usual intravenous 
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based on the administration of third-generation cephalosporins. The resistance to 
classical empirical antibiotic regimens is associated with a higher mortality rate, 
an increased duration of in-hospital stays and higher healthcare related costs when 
compared to infections caused by susceptible strains [89, 91, 98, 99, 116, 133, 134]. 
To date, it is recommended to treated nosocomial and HCA infections with empirical 
MDR covering strategies, whether a classical empirical approach is recommended 
for CA infections (Table 4). Empirical MDR covering strategies are usually more 
effective than empiric classical schemes in nosocomial infections (81.7% vs. 68%, 
respectively, p = 0.01) with a positive impact on short-term survival. A trend towards 
statistical significance is also observed in severe sepsis/shock (81.3% vs. 60.9%, 
p = 0.06). Inadequacy of first line antibiotic strategies increased 28-day mortality in 
both AD (33.3% vs. 7.7%, p < 0.001) and ACLF patients (50% vs. 25.8%, p = 0.002).

Thus, broad schemes covering all potential pathogens should be empirically 
used in the nosocomial setting and in severe sepsis/shock, followed by rapid 
de-escalation strategies to avoid a further spread of antibiotic resistance [88, 106, 
114, 135]. In a recent retrospective study from Germany [136] the authors evaluated 
the efficacy of different first line empirical antibiotic therapies in ACLF patients 
with SBP. From this study emerged that meropenem-daptomycin (99.5%), merope-
nem-linezolid, (98.5%) and meropenem-vancomycin (96.8%) combination scheme 
had the highest antimicrobial susceptibility rates and piperacillin/tazobactam 
had the highest antimicrobial susceptibility rates among the monotherapies/fixed 
combinations considering all of the Gram-negative and Gram-positive bacteria. 
On the contrary, classical empiric therapy based on cefotaxime or ceftriaxone 
showed a sensibility as low as 60%. Susceptibility of bacteria to these combination 
regimens positively impacted on inpatient mortality and complications. However, 
some pharmacologic and pharmacokinetic properties of these antibiotics should 
be considered when empirical MDR covering therapy has to be started. Linezolid 
achieves rapid penetration in peritoneum and rapidly reaches high concentration in 
tissue [137]. However, in patients with concomitant sepsis, it might not be the best 
option because the effect is more towards the bacteriostatic side, and thus might be 
too weak to ideally treat the bacteremia component [137]. Contrarily to linezolid, 
vancomycin has a lower tissue concentration and weak penetrability [138]. It is 
therefore should be preferred for sepsis [138]. Daptomycin has a very low concen-
tration in the peritoneal cavity (only 6% of that in serum) [139]. Thus, daptomycin 
should be the first-choice antibiotic to treat bacteremia and sepsis being safer than 
vancomycin. As to gram-negative infection, thanks to their moderate volume of dis-
tribution and excellent penetrability both piperacillin/tazobactam and meropenem 
could be used for infection of peritoneum as well as bacteremia/sepsis [140, 141].

As in other settings, there is a cogent need to evaluate new strategies for prevent-
ing the spread of antibiotic resistance in cirrhotic population. Many studies are inves-
tigating epidemiological surveillance through regular assessment of potential carriers 
of MDRs through rectal and nasal swabs during hospitalization [142, 143], rapid 
microbiological tests [144, 145] and antibiotic stewardship programs [112, 146, 147].

As previously stated, fungal infection is an emerging problem in cirrhotic 
patients, particularly in those with ACLF hospitalized in ICU. An early diagnosis of 
fungal infection and antifungal treatment is prognostically crucial and it has been 
associated with improved outcome [148]. Triazoles (fluconazole, itraconazole, 
voriconazole, and posaconazole) are the most frequently employed antifungal 
agents. However, due to reported emergence of azole resistant non-albicans spp., 
the first line treatment recommended in critically ill patients shifted toward a new 
antifungal class: the echinocandins (caspofungin, anidulafungin, and micafungin). 
Echinocandins are indeed, the recommended first-line treatment for patients with 
cirrhosis and nosocomial spontaneous fungal peritonitis. The usual intravenous 
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dosing regimens for invasive candidiasis are as follows: caspofungin: loading dose 
70 mg, then 50 mg daily. No dose adjustement are recommended in case of moder-
ate and severe liver disease except for caspofungin (loading dose 70 mg, then 35 mg 
daily) [148, 150]. De-escalation from echinocandins to fluconazole is advised in 
those cirrhotic patients when their condition becomes stable.

4. Conclusions

Acute-on-chronic liver failure (ACLF) is a clinical independent entity captur-
ing the interest of hepatologists from the East and the West in the past 2 decades. 
Although universal definition does not exist, there is a substantial agreement that 
this syndrome should refer to liver failure, usually after an acute event, in a patient 
with chronic liver disease and characterized by an elevated short-term mortality. It 
should be distinguished from an ordinary decompensation of chronic liver disease 
and from acute liver failure of a normal liver. Although the pathophysiological 
mechanisms leading to this syndrome are only partly understood, systemic inflam-
mation seems to play a crucial role. Exaggerated inflammatory response, the so-
called “cytokine storm” is the main driving event leading to multiorgan failure. In 
most cases, bacterial infection is the initiating event of ACLF and early identifica-
tion and treatment is mandatory to stop SIRS-sepsis cascade and to prevent multi-
organ failure. An emerging clinical problem is represented by infection sustained by 
of MDR bacteria. This new epidemiologic reality has completely changed antibiotic 
strategies for empirical approach in decompensated cirrhosis. Control and preven-
tion of MDR infection widespread, in particular in the nosocomial setting, as well 
as to make available new treatment opportunities, beside OLT, to manage liver 
failure are the challenge of the near future.
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Chapter 7

Left Side Gallbladder: Clinical and
Anatomical Implication
Filippo Banchini and Patrizio Capelli

Abstract

Left side gallbladder is a rare anatomical anomaly reported in the literature. It is
associated with various anatomical variations of the biliary way and intrahepatic
portal supply. Most of the time, it is discovered as an incidental finding during
intervention for cholecystectomy, exposing patients and surgeons to high risk of
complication. To prevent this, we analyze the critical aspects that must be known to
perform safe interventions either in the normal setting or in the emergency setting.
Different theories are proposed to describe this anomaly, but a debate is still open.
Reviewing the literature and analyzing the different processes of formation, we
create a classification that can explain how this anomaly can occur, dividing into
four variation types.

Keywords: left side, gallbladder, fusion of plans, liver resection, biliary, agenesis,
abnormality, cholecystectomy, right umbilical vein, liver, hepatic

1. Introduction

The left side gallbladder (LSG) is a very rare alteration defined by the attach-
ment of the gallbladder to the left lobe of the liver at the right side of the ligament
tears.

Since Hochstetter’s first description in 1886 [1], about 150 cases have been
reported in the literature. The attempts to explain the cause of this anomaly have
been different, but the numerous variations described do not allow a clear defini-
tion of its origin. Although this debate is still open, it is of considerable importance
to know that LSG is frequently associated with alterations of both the portal
branches and the intrahepatic biliary tree. The association of these anomalies,
therefore, represents an important risk, especially if surgical treatment is necessary.
There are two cases in which surgical treatment may be required: the first is gall-
bladder stones and in particular acute cholecystitis, and the second is the need for
liver resection surgery. In the first case, the diagnosis of gallstones and cholecystitis
is made only with ultrasound, but often this method does not describe the anomaly
of the LSG. In fact, in most cases described, the diagnosis is made intraoperatively,
making the surgical treatment problematic and risky due to the lack of correct
anatomical knowledge. In the case of liver resection, the diagnosis is made before
surgery, highlighting anatomical variations that require complex dissection strate-
gies. Knowledge of the anomalies associated with a LSG can be of considerable help
in preventing serious complications.
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branches and the intrahepatic biliary tree. The association of these anomalies,
therefore, represents an important risk, especially if surgical treatment is necessary.
There are two cases in which surgical treatment may be required: the first is gall-
bladder stones and in particular acute cholecystitis, and the second is the need for
liver resection surgery. In the first case, the diagnosis of gallstones and cholecystitis
is made only with ultrasound, but often this method does not describe the anomaly
of the LSG. In fact, in most cases described, the diagnosis is made intraoperatively,
making the surgical treatment problematic and risky due to the lack of correct
anatomical knowledge. In the case of liver resection, the diagnosis is made before
surgery, highlighting anatomical variations that require complex dissection strate-
gies. Knowledge of the anomalies associated with a LSG can be of considerable help
in preventing serious complications.
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2. Estimation incidence and diagnosis

The real estimation of this anomaly is very difficult because most of the
published articles are case reports and only a few of them have high numbers of
cases. The literature analysis revealed 114 articles concerning LSG: 89 authors
describe 1 case only, 11 present 2 cases, 3 present 3 cases, 3 present 4 cases, 3
describe 6 cases, 1 describes 7 cases, 2 describe 9 cases, 1 describes 10 cases, and 1
describes 26 cases, with a total of 211 cases (Table 1).

The incidence is variable and remains always below 0.3%: Idu et al. [109]
describe 5 cases of LSG on 1764 cases of cholecystectomy (0.3%), Nagai et al. [90] 3
cases out of 1621 (0.2%), Sadhu et al. [43] 1 out of 1258 (0.08%), and Rozsos et al.
[37] 1 out of 2536 (0.04%).

Naganuma et al. [87], in a series of 67.994 patients studied with ultrasound,
found 18 cases of abnormal gallbladder position with an incidence of 0.026%.
These included retrohepatic, supraphrenic, and floating gallbladder, and only
nine cases of LSG, with an incidence of 0.013%. However, ultrasound is not the
main exam to make the diagnosis. Pereira et al. [115] show that ultrasound has a
positive predictive value of only 2.7% and that in 81.1% LSG is initially detected
at surgery. Also, Lee et al. [36], in his series of 10 cases operated on for
cholecystic stones or acute cholecystitis symptoms, describes the discovery:
intraoperative in 8 cases and as an incidental finding on abdominal computed
tomography (CT) in 2 cases.

The CT scan is the main examination capable of making a correct diagnosis.
However, as reported in the review of Pereira et al. [115], CT has a positive
predictive value of only 60%. This can be explained by the simultaneous
proximity of the two hepatic lobes to the gallbladder, simulating the contact and
not the adhesion to the left lobe of the liver. Considering the position of the
gallbladder, if it is in the normal site, its right margin generally appears free
(Figure 1A). If the gallbladder is positioned on the left, its left margin may appear
free (Figure 1B) or included in the left lobe with a space between the two hepatic
lobes (Figure 1C), making diagnosis easy. If the gallbladder appears between the
right and left hepatic lobes, the diagnosis may remain unknown (Figure 1D)
mimicking hypertrophy of the left hepatic lobe as also reported by Banchini et al.
[20] and Iskandar et al. [6].

However, the CT remains the main examination as it can provide the anatomical
portal and arterial variations that, as we will see, frequently occur in association
with this anomaly.

3. Theories and embryology

The embryological theories of LSG development are numerous and complex, but
we can distinguish two main ones. The first theory concerns an alteration that only
concerns the development of the gallbladder and a second one that concerns the
development of the central portion of the liver and consequently the malpositioning
of the gallbladder.

In the theory of gallbladder development proposed by Gross [116], there are two
ways in which gallbladder can develop:

• The first modality suggests a normal growth of the gallbladder migrating from
the right side of the liver to the left side and attaching to the left lobe. In this
case, the cystic duct originates from the right side of the bile duct and moves
anteriorly and to the left of the liver pedicle.
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2. Estimation incidence and diagnosis

The real estimation of this anomaly is very difficult because most of the
published articles are case reports and only a few of them have high numbers of
cases. The literature analysis revealed 114 articles concerning LSG: 89 authors
describe 1 case only, 11 present 2 cases, 3 present 3 cases, 3 present 4 cases, 3
describe 6 cases, 1 describes 7 cases, 2 describe 9 cases, 1 describes 10 cases, and 1
describes 26 cases, with a total of 211 cases (Table 1).

The incidence is variable and remains always below 0.3%: Idu et al. [109]
describe 5 cases of LSG on 1764 cases of cholecystectomy (0.3%), Nagai et al. [90] 3
cases out of 1621 (0.2%), Sadhu et al. [43] 1 out of 1258 (0.08%), and Rozsos et al.
[37] 1 out of 2536 (0.04%).

Naganuma et al. [87], in a series of 67.994 patients studied with ultrasound,
found 18 cases of abnormal gallbladder position with an incidence of 0.026%.
These included retrohepatic, supraphrenic, and floating gallbladder, and only
nine cases of LSG, with an incidence of 0.013%. However, ultrasound is not the
main exam to make the diagnosis. Pereira et al. [115] show that ultrasound has a
positive predictive value of only 2.7% and that in 81.1% LSG is initially detected
at surgery. Also, Lee et al. [36], in his series of 10 cases operated on for
cholecystic stones or acute cholecystitis symptoms, describes the discovery:
intraoperative in 8 cases and as an incidental finding on abdominal computed
tomography (CT) in 2 cases.

The CT scan is the main examination capable of making a correct diagnosis.
However, as reported in the review of Pereira et al. [115], CT has a positive
predictive value of only 60%. This can be explained by the simultaneous
proximity of the two hepatic lobes to the gallbladder, simulating the contact and
not the adhesion to the left lobe of the liver. Considering the position of the
gallbladder, if it is in the normal site, its right margin generally appears free
(Figure 1A). If the gallbladder is positioned on the left, its left margin may appear
free (Figure 1B) or included in the left lobe with a space between the two hepatic
lobes (Figure 1C), making diagnosis easy. If the gallbladder appears between the
right and left hepatic lobes, the diagnosis may remain unknown (Figure 1D)
mimicking hypertrophy of the left hepatic lobe as also reported by Banchini et al.
[20] and Iskandar et al. [6].

However, the CT remains the main examination as it can provide the anatomical
portal and arterial variations that, as we will see, frequently occur in association
with this anomaly.

3. Theories and embryology

The embryological theories of LSG development are numerous and complex, but
we can distinguish two main ones. The first theory concerns an alteration that only
concerns the development of the gallbladder and a second one that concerns the
development of the central portion of the liver and consequently the malpositioning
of the gallbladder.

In the theory of gallbladder development proposed by Gross [116], there are two
ways in which gallbladder can develop:

• The first modality suggests a normal growth of the gallbladder migrating from
the right side of the liver to the left side and attaching to the left lobe. In this
case, the cystic duct originates from the right side of the bile duct and moves
anteriorly and to the left of the liver pedicle.
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• The second modality hypothesizes the formation of the gallbladder directly on
the left side of the bile duct with its positioning directly under the left hepatic
lobe. In this case, the cystic duct originates in the left part of the bile duct.

The literature defines as a true LSG when it is located on the right side of the
round ligament, and the cystic duct is inserted on the left side of the bile duct. The
presence of true LSG, described in this way, represents a remarkably rare event,
constituting 4.3% of the cases of left side gallbladder [18], and most of the cases
described are therefore a different alteration.

The ways in which the cystic duct enters the biliary duct are numerous even in
the absence of the left gallbladder, and as reported by Sarawagi et al. [117], the
normal right conjunction is present in 51.1% of cases, while its medial (left) inser-
tion can be presented in 16.1%. Pereira et al. [115], in his review, describe the
insertion of the cystic duct on the right side 65.6%, on the left side of common
hepatic duct 9.5%, left hepatic duct 9.5%, on the right hepatic duct 7.6%, and in a
branch of the right hepatic duct 2.4%. Six patients had other minor biliary anoma-
lies, and one had a duplicate common bile duct (CBD).

The second theory about the development of the central portion of the liver was
first described by Ozeki in 1987 [16] and later defined by Nagai in 1997 [90] as
“right side round ligament.” This theory is associated with numerous alterations in
intrahepatic anatomy and appears to account for over 95% of cases in which a left
side gallbladder is present.

To understand this complex theory, it is necessary to investigate some moments
of fetal evolution, in which the persistence of a right umbilical vein and/or hyper-
trophy of the left portion of the liver seem to be associated. According to the
embryological studies of Arey [118] when the embryo measures 6 mm, there are at
the same time two vitelline’s veins, one on the right side and one on the left side,
everyone having a branch that enters the liver. The two veins inside the liver have
branches that join them together. When the embryo reaches the size of 7 mm, the
right vein goes into atrophy leaving the left side predominant. It is assumed that, if
the right side vein does not atrophy, there is a persistence of this umbilical vein
either extrahepatic or intrahepatic. In this case, the opposite process to the previous
one occurs, with atrophy of the left side and hypertrophy of the right side
(Matsumoto’s hypothesis) [119]. When this happens, we have the positioning of the
gallbladder in the left portion of the liver.

Although this theory seems to be the most accreditable, there are cases in the
literature of persistence of the right umbilical vein with the gallbladder positioned
normally, showing how this theory does not always prove to be real [42].

Lucidarme et al. [120] describe this variation in portal anatomy as a defect in the
evolution of the central portion of the liver, in which the right and left parts join

Figure 1.
CT scan visualization of the gallbladder. (A) Normal right side gallbladder attached to the right lobe; (B) left
side gallbladder attached to left lobe with empty space between gallbladder fundus and right lobe; (C) left side
gallbladder with fundus surrounded by left lobe and empty space between right lobe and left lobe; (D) left side
gallbladder interposed between right lobe and left lobe, mimicking hypertrophy of right lobe. RL: right lobe; LL:
left lobe; GB: gallbladder.
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• The second modality hypothesizes the formation of the gallbladder directly on
the left side of the bile duct with its positioning directly under the left hepatic
lobe. In this case, the cystic duct originates in the left part of the bile duct.

The literature defines as a true LSG when it is located on the right side of the
round ligament, and the cystic duct is inserted on the left side of the bile duct. The
presence of true LSG, described in this way, represents a remarkably rare event,
constituting 4.3% of the cases of left side gallbladder [18], and most of the cases
described are therefore a different alteration.

The ways in which the cystic duct enters the biliary duct are numerous even in
the absence of the left gallbladder, and as reported by Sarawagi et al. [117], the
normal right conjunction is present in 51.1% of cases, while its medial (left) inser-
tion can be presented in 16.1%. Pereira et al. [115], in his review, describe the
insertion of the cystic duct on the right side 65.6%, on the left side of common
hepatic duct 9.5%, left hepatic duct 9.5%, on the right hepatic duct 7.6%, and in a
branch of the right hepatic duct 2.4%. Six patients had other minor biliary anoma-
lies, and one had a duplicate common bile duct (CBD).

The second theory about the development of the central portion of the liver was
first described by Ozeki in 1987 [16] and later defined by Nagai in 1997 [90] as
“right side round ligament.” This theory is associated with numerous alterations in
intrahepatic anatomy and appears to account for over 95% of cases in which a left
side gallbladder is present.

To understand this complex theory, it is necessary to investigate some moments
of fetal evolution, in which the persistence of a right umbilical vein and/or hyper-
trophy of the left portion of the liver seem to be associated. According to the
embryological studies of Arey [118] when the embryo measures 6 mm, there are at
the same time two vitelline’s veins, one on the right side and one on the left side,
everyone having a branch that enters the liver. The two veins inside the liver have
branches that join them together. When the embryo reaches the size of 7 mm, the
right vein goes into atrophy leaving the left side predominant. It is assumed that, if
the right side vein does not atrophy, there is a persistence of this umbilical vein
either extrahepatic or intrahepatic. In this case, the opposite process to the previous
one occurs, with atrophy of the left side and hypertrophy of the right side
(Matsumoto’s hypothesis) [119]. When this happens, we have the positioning of the
gallbladder in the left portion of the liver.

Although this theory seems to be the most accreditable, there are cases in the
literature of persistence of the right umbilical vein with the gallbladder positioned
normally, showing how this theory does not always prove to be real [42].

Lucidarme et al. [120] describe this variation in portal anatomy as a defect in the
evolution of the central portion of the liver, in which the right and left parts join

Figure 1.
CT scan visualization of the gallbladder. (A) Normal right side gallbladder attached to the right lobe; (B) left
side gallbladder attached to left lobe with empty space between gallbladder fundus and right lobe; (C) left side
gallbladder with fundus surrounded by left lobe and empty space between right lobe and left lobe; (D) left side
gallbladder interposed between right lobe and left lobe, mimicking hypertrophy of right lobe. RL: right lobe; LL:
left lobe; GB: gallbladder.
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together in a variable way, renaming this as “Fusion of hepatic plans.” Considering
these different descriptions, we can say that there is an anomaly in the mechanism
of persistence or atrophy of the right umbilical vein and/or the liver surrounding it.

Based on these descriptions, we propose to combine the mechanism of atrophy
of the central part of the liver with persistence of the right umbilical vein and the
mechanism of fusion of the plans, trying to verify how these can give rise to
different anatomical variations. In this way, we create a classification that can
explain how this anomaly can occur.

As seen before, during fetal development, the right and left umbilical veins have
a Y shape with one arm entering the liver and one passing laterally to it. At this
stage, there is a set of vessels inside the liver that connect the two internal branches
of the intrahepatic umbilical veins. This connection forms a venous conduit that we
will call “intrahepatic right umbilical vein” (IRUV), which flows directly into the
ligament of Arantius or enters the right umbilical vein at Rex’s recess. The extrahe-
patic portion of the right umbilical vein can enter the liver in a variable position
between segment 5 and segment 4b. Imagine looking at the liver from its lower face,
corresponding to segments 5 and 4b, we can divide this area into four parts as
shown in Figure 2: the superficial part, corresponding to the acute margin of the
liver, in the portion of segment 5 (Figure 2: yellow segment 5), and the portion of
segment 4b (Figure 2: blue segment 4b) and a deep part toward the hilum of the
liver (Figure 2: red segment 5; green segment 4b).

The involution of the right umbilical vein may affect the surrounding hepatic
parenchyma differently, depending on its extension and site, determining unusual
alterations.

If atrophy affects the superficial parts (Figure 2: yellow and blue), the result is a
volumetric reduction in the corresponding liver segments. If the atrophy affects the
deep part toward the hilum (Figure 2: red and green), we can have alterations that
cause variations of the portal vein and the biliary tract. Complete or partial atrophy
can also explain in various ways incomplete forms of gallbladder malposition such
as the medioposition described by Hsu et al. [97].

The different possibilities with which the right umbilical vein can evolve are
four, and we describe them as follows (Figure 3):

Type A: complete atrophy of the right umbilical vein and normal left
umbilical vein.

Type B: atrophy of the right external umbilical vein and persistence of the IRUV.
Type C: persistence of the IRUV and extrahepatic umbilical vein and atrophy of

the left umbilical vein.
Type D: persistence of the right extrahepatic umbilical vein and atrophy of the

left umbilical vein.

Figure 2.
Liver with the central portion divided into four parts: the superficial part of segment 5 in yellow; the lower part
close to the hilum in red; the superficial part of segment 4 in blue; and the lower part of segment 4 close to the
hilum in green. (A) Superior view and (B) inferior view.
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Types C and D represent the cases in which a persistence of the right umbilical
vein occurs instead of the normal left umbilical vein, classifying this as “true right
side round ligament.”

Combining these variations with how lower liver atrophy can occur, the follow-
ing classifications can be determined (Figure 4):

Type A:
A1: The right umbilical vein goes into complete atrophy and is accompanied by

an excessive involution of segments 8-5-4b. In this case, the gallbladder will present
to the left of the round ligament.

A2: The right umbilical vein goes into atrophy completely, and there is no
parenchymal atrophy. This is the normal anatomy that is described.

A3: The right umbilical vein goes into atrophy completely and is accompanied by
involution of segment 4b with hypotrophy of the latter.

Type B:
B1: The right external umbilical vein goes into atrophy, and the right

intrahepatic umbilical vein persists. An involution in the segment 5 site is

Figure 3.
Schematic evolution of right and left umbilical veins with different evolution processes. (Type A) Normal
evolution with the persistence of the left umbilical vein. (Type B) Persistence of the left umbilical vein and
intrahepatic umbilical vein. (Type C) Persistence of the right umbilical vein and persistence of the intrahepatic
umbilical vein with atrophy of left umbilical vein. (Type D) Persistence of the right umbilical vein only (in red:
right umbilical vein; in orange: intrahepatic umbilical vein; in yellow: left umbilical vein).

Figure 4.
Combination of the evolution process of right and left umbilical veins with atrophy mechanism of segment 5 and
4 (in red: right umbilical vein; in orange: intrahepatic umbilical vein; in yellow: left umbilical vein; in light
blue: portal vein and its branches; and in blue: area of hypotrophy). A1-B1-C1-D1 corresponding to atrophy of
segment 5 area; A2-B2-C2-D2 absence of liver atrophy; A3-B3-C3-D3 corresponding to atrophy of segment 4
area.
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together in a variable way, renaming this as “Fusion of hepatic plans.” Considering
these different descriptions, we can say that there is an anomaly in the mechanism
of persistence or atrophy of the right umbilical vein and/or the liver surrounding it.

Based on these descriptions, we propose to combine the mechanism of atrophy
of the central part of the liver with persistence of the right umbilical vein and the
mechanism of fusion of the plans, trying to verify how these can give rise to
different anatomical variations. In this way, we create a classification that can
explain how this anomaly can occur.

As seen before, during fetal development, the right and left umbilical veins have
a Y shape with one arm entering the liver and one passing laterally to it. At this
stage, there is a set of vessels inside the liver that connect the two internal branches
of the intrahepatic umbilical veins. This connection forms a venous conduit that we
will call “intrahepatic right umbilical vein” (IRUV), which flows directly into the
ligament of Arantius or enters the right umbilical vein at Rex’s recess. The extrahe-
patic portion of the right umbilical vein can enter the liver in a variable position
between segment 5 and segment 4b. Imagine looking at the liver from its lower face,
corresponding to segments 5 and 4b, we can divide this area into four parts as
shown in Figure 2: the superficial part, corresponding to the acute margin of the
liver, in the portion of segment 5 (Figure 2: yellow segment 5), and the portion of
segment 4b (Figure 2: blue segment 4b) and a deep part toward the hilum of the
liver (Figure 2: red segment 5; green segment 4b).

The involution of the right umbilical vein may affect the surrounding hepatic
parenchyma differently, depending on its extension and site, determining unusual
alterations.

If atrophy affects the superficial parts (Figure 2: yellow and blue), the result is a
volumetric reduction in the corresponding liver segments. If the atrophy affects the
deep part toward the hilum (Figure 2: red and green), we can have alterations that
cause variations of the portal vein and the biliary tract. Complete or partial atrophy
can also explain in various ways incomplete forms of gallbladder malposition such
as the medioposition described by Hsu et al. [97].

The different possibilities with which the right umbilical vein can evolve are
four, and we describe them as follows (Figure 3):

Type A: complete atrophy of the right umbilical vein and normal left
umbilical vein.

Type B: atrophy of the right external umbilical vein and persistence of the IRUV.
Type C: persistence of the IRUV and extrahepatic umbilical vein and atrophy of

the left umbilical vein.
Type D: persistence of the right extrahepatic umbilical vein and atrophy of the

left umbilical vein.

Figure 2.
Liver with the central portion divided into four parts: the superficial part of segment 5 in yellow; the lower part
close to the hilum in red; the superficial part of segment 4 in blue; and the lower part of segment 4 close to the
hilum in green. (A) Superior view and (B) inferior view.
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Types C and D represent the cases in which a persistence of the right umbilical
vein occurs instead of the normal left umbilical vein, classifying this as “true right
side round ligament.”

Combining these variations with how lower liver atrophy can occur, the follow-
ing classifications can be determined (Figure 4):

Type A:
A1: The right umbilical vein goes into complete atrophy and is accompanied by

an excessive involution of segments 8-5-4b. In this case, the gallbladder will present
to the left of the round ligament.

A2: The right umbilical vein goes into atrophy completely, and there is no
parenchymal atrophy. This is the normal anatomy that is described.

A3: The right umbilical vein goes into atrophy completely and is accompanied by
involution of segment 4b with hypotrophy of the latter.

Type B:
B1: The right external umbilical vein goes into atrophy, and the right

intrahepatic umbilical vein persists. An involution in the segment 5 site is

Figure 3.
Schematic evolution of right and left umbilical veins with different evolution processes. (Type A) Normal
evolution with the persistence of the left umbilical vein. (Type B) Persistence of the left umbilical vein and
intrahepatic umbilical vein. (Type C) Persistence of the right umbilical vein and persistence of the intrahepatic
umbilical vein with atrophy of left umbilical vein. (Type D) Persistence of the right umbilical vein only (in red:
right umbilical vein; in orange: intrahepatic umbilical vein; in yellow: left umbilical vein).

Figure 4.
Combination of the evolution process of right and left umbilical veins with atrophy mechanism of segment 5 and
4 (in red: right umbilical vein; in orange: intrahepatic umbilical vein; in yellow: left umbilical vein; in light
blue: portal vein and its branches; and in blue: area of hypotrophy). A1-B1-C1-D1 corresponding to atrophy of
segment 5 area; A2-B2-C2-D2 absence of liver atrophy; A3-B3-C3-D3 corresponding to atrophy of segment 4
area.
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associated. In this case, there is the presence of left side gallbladder with the
persistence of the right portal branch only for segments 6 and 7 and hypertrophy of
the portal branch of segment 4.

B2: The right external umbilical vein goes into atrophy, and the right
intrahepatic umbilical vein persists. There is no involution of the hepatic paren-
chyma with normal portal trifurcation.

B3: The right external umbilical vein goes into atrophy, and the right
intrahepatic umbilical vein persists. It is associated with segment 4b hypotrophy.
This determines the absence of the left portal branch and vascularization of seg-
ments 2 and 3 from the right portal branch through the persistent right umbilical
vein portion.

Type C:
C1: The right extrahepatic and intrahepatic umbilical veins persist with atrophy

of the left umbilical vein. An involution in the segment 5 site is associated. In this
case, there is the presence of left side gallbladder with the persistence of the right
portal branch only for segments 6 and 7 and the absence of segment 5 or 5 and 8.
The vascularization of segments 2 and 3 and 4 occurs through the persistent right
intrahepatic umbilical vein portion.

C2: The right extrahepatic and intrahepatic umbilical veins persist with atrophy
of the left umbilical vein. No involution of the hepatic parenchyma occurs. The
vascularization of the liver is arched from right to left giving, in sequence, the
branch for segments 6 and 7, that of segments 5 and 8 and ending with the vascu-
larization of segments 2 and 3 and 4 through the persistent intrahepatic right
umbilical vein.

C3: The right extrahepatic and intrahepatic umbilical veins persist with atrophy
of the left umbilical vein. An involution in the segment 4b site is associated. The
vascularization of the liver is arched from right to left giving the branch for seg-
ments 6 and 7, the branch for segments 5 and 8 and ending with the vascularization
of segments 2 and 3 through the persistent intrahepatic right umbilical vein.

Type D:
D1: The right extrahepatic umbilical vein persists with atrophy of the left

umbilical vein. An involution in the segment 5 site is associated. In this case, there is
the presence of left side gallbladder with the persistence of the right portal branch
that vascularizes segments 6 and 7 and the absence of segment 5 or 5 and 8, and the
left portal branch that vascularizes segments 2 and 3 and 4.

D2: The right extrahepatic umbilical vein persists with atrophy of the left
umbilical vein. There is no involution of the hepatic parenchyma. In this case, the
right portal branch that vascularizes segments 6–7 and 5–8 and the left portal
branch that vascularizes segments 2 and 3 and 4 persist.

D3: The right extrahepatic umbilical vein persists with atrophy of the left
umbilical vein. An involution is associated with segment 4b. In this case, the right
portal branch that vascularizes segments 6–7 and 5–8 and the left portal branch that
vascularizes segments 2 and 3 persist.

The principle of the fusion of the planes is necessary to be added at the classifi-
cation performed by rotating or increasing the volume of one of the two hepatic
lobes.

In this way, we can reposition the ligament tears in the position in which it is
located once the complete fetal development has taken place. To clarify, we have
modified the left liver portion by rotating it counterclockwise as shown in Figure 5.

We can see how this classification allows us to catalog the cases of literature
described or represented with images, the portal modifications found: Kawai et al.
[18] describe the absence of the left portal vein and a branch for the left liver
originating from the right portal branch that we identify as an atrophy of left
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umbilical vein Type C1 (Figure 6a); Nagai et al. [90] describe a case with the
absence of the right anterior portal branch, corresponding to Type B1, and the other
absence of the left portal branch that we call Type D1 (Figure 6b); Lin [42]
describes tree cases of the absence of the right anterior portal branch,
corresponding to Type B; Maetani et al. [45] also describe two cases that we classify
as Type B1 and one case with the absence of the right anterior portal branch and a
vascularization of segments 5 and 8 from the left portal one that we consider Type
B2 (Figure 6c); Banchini et al. [20] describe the agenesis of segments 5 and 8 with
the absence of the right anterior portal branch, Type A1 (Figure 6d). On the
contrary, the classification we propose differs from Shindon’s classification [121] in
defining the true right side ligamentum teres. Comparing the three types of portal
bifurcation listed by Shindon, we consider the “independent right lateral” one as
Type A1, the “bifurcation” one as Type D, and “trifurcation” one as an intermediate
of Types A1–A3 (Figure 7), concluding that only the “bifurcation type” could be
considered as “true right side ligamentum teres.” It is evident that these three vari-
ables of fusion, atrophy, and umbilical vein evolution can be combined in a consid-
erably higher number of ways and may result in intermediate presentations.
Likewise, using this principle, we can also hypothesize how the biliary tract varia-
tions occur. Even if we will not deal in this chapter, we underline that, as evidenced
by Nishitai et al. [122], the Biliary tree could differ a lot from the corresponding
portal branches, making this a further challenge.

Figure 5.
Combination of the evolution process of right and left umbilical veins with atrophy mechanism of segments 5
and 4, associated rotation and fusion of the right and left liver.

Figure 6.
Schematic representation published in the literature with comparison and reclassification with our
nomenclature. (a) Kawai description (12) corresponding to Type C; (b) Nagai description (3) corresponding
to Types B1 and D1; (c) Maetani description (20) corresponding to Type B1-B1-B2; and (d) Banchini
description (9) corresponding to Type A1.
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associated. In this case, there is the presence of left side gallbladder with the
persistence of the right portal branch only for segments 6 and 7 and hypertrophy of
the portal branch of segment 4.

B2: The right external umbilical vein goes into atrophy, and the right
intrahepatic umbilical vein persists. There is no involution of the hepatic paren-
chyma with normal portal trifurcation.

B3: The right external umbilical vein goes into atrophy, and the right
intrahepatic umbilical vein persists. It is associated with segment 4b hypotrophy.
This determines the absence of the left portal branch and vascularization of seg-
ments 2 and 3 from the right portal branch through the persistent right umbilical
vein portion.

Type C:
C1: The right extrahepatic and intrahepatic umbilical veins persist with atrophy

of the left umbilical vein. An involution in the segment 5 site is associated. In this
case, there is the presence of left side gallbladder with the persistence of the right
portal branch only for segments 6 and 7 and the absence of segment 5 or 5 and 8.
The vascularization of segments 2 and 3 and 4 occurs through the persistent right
intrahepatic umbilical vein portion.

C2: The right extrahepatic and intrahepatic umbilical veins persist with atrophy
of the left umbilical vein. No involution of the hepatic parenchyma occurs. The
vascularization of the liver is arched from right to left giving, in sequence, the
branch for segments 6 and 7, that of segments 5 and 8 and ending with the vascu-
larization of segments 2 and 3 and 4 through the persistent intrahepatic right
umbilical vein.

C3: The right extrahepatic and intrahepatic umbilical veins persist with atrophy
of the left umbilical vein. An involution in the segment 4b site is associated. The
vascularization of the liver is arched from right to left giving the branch for seg-
ments 6 and 7, the branch for segments 5 and 8 and ending with the vascularization
of segments 2 and 3 through the persistent intrahepatic right umbilical vein.

Type D:
D1: The right extrahepatic umbilical vein persists with atrophy of the left

umbilical vein. An involution in the segment 5 site is associated. In this case, there is
the presence of left side gallbladder with the persistence of the right portal branch
that vascularizes segments 6 and 7 and the absence of segment 5 or 5 and 8, and the
left portal branch that vascularizes segments 2 and 3 and 4.

D2: The right extrahepatic umbilical vein persists with atrophy of the left
umbilical vein. There is no involution of the hepatic parenchyma. In this case, the
right portal branch that vascularizes segments 6–7 and 5–8 and the left portal
branch that vascularizes segments 2 and 3 and 4 persist.

D3: The right extrahepatic umbilical vein persists with atrophy of the left
umbilical vein. An involution is associated with segment 4b. In this case, the right
portal branch that vascularizes segments 6–7 and 5–8 and the left portal branch that
vascularizes segments 2 and 3 persist.

The principle of the fusion of the planes is necessary to be added at the classifi-
cation performed by rotating or increasing the volume of one of the two hepatic
lobes.

In this way, we can reposition the ligament tears in the position in which it is
located once the complete fetal development has taken place. To clarify, we have
modified the left liver portion by rotating it counterclockwise as shown in Figure 5.

We can see how this classification allows us to catalog the cases of literature
described or represented with images, the portal modifications found: Kawai et al.
[18] describe the absence of the left portal vein and a branch for the left liver
originating from the right portal branch that we identify as an atrophy of left
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umbilical vein Type C1 (Figure 6a); Nagai et al. [90] describe a case with the
absence of the right anterior portal branch, corresponding to Type B1, and the other
absence of the left portal branch that we call Type D1 (Figure 6b); Lin [42]
describes tree cases of the absence of the right anterior portal branch,
corresponding to Type B; Maetani et al. [45] also describe two cases that we classify
as Type B1 and one case with the absence of the right anterior portal branch and a
vascularization of segments 5 and 8 from the left portal one that we consider Type
B2 (Figure 6c); Banchini et al. [20] describe the agenesis of segments 5 and 8 with
the absence of the right anterior portal branch, Type A1 (Figure 6d). On the
contrary, the classification we propose differs from Shindon’s classification [121] in
defining the true right side ligamentum teres. Comparing the three types of portal
bifurcation listed by Shindon, we consider the “independent right lateral” one as
Type A1, the “bifurcation” one as Type D, and “trifurcation” one as an intermediate
of Types A1–A3 (Figure 7), concluding that only the “bifurcation type” could be
considered as “true right side ligamentum teres.” It is evident that these three vari-
ables of fusion, atrophy, and umbilical vein evolution can be combined in a consid-
erably higher number of ways and may result in intermediate presentations.
Likewise, using this principle, we can also hypothesize how the biliary tract varia-
tions occur. Even if we will not deal in this chapter, we underline that, as evidenced
by Nishitai et al. [122], the Biliary tree could differ a lot from the corresponding
portal branches, making this a further challenge.

Figure 5.
Combination of the evolution process of right and left umbilical veins with atrophy mechanism of segments 5
and 4, associated rotation and fusion of the right and left liver.

Figure 6.
Schematic representation published in the literature with comparison and reclassification with our
nomenclature. (a) Kawai description (12) corresponding to Type C; (b) Nagai description (3) corresponding
to Types B1 and D1; (c) Maetani description (20) corresponding to Type B1-B1-B2; and (d) Banchini
description (9) corresponding to Type A1.
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Considering the numerous possibilities with which a left gallbladder can present,
we recommend an accurate study of the entire hepatic anatomy, with the need to
recognize the portal, arterial, and biliary changes, in all patients presenting this
diagnosis in the preoperative setting.

4. Clinical implication

As pointed out in the previous paragraph, the presence of LSG is associated with
a high number of variations both internal and external to the liver, regardless of the
type of classification we want to use.

However, the presence of this anomaly does not seem to be associated with
either a particular clinical manifestation or cancer, thus representing a simple ana-
tomical variation presents in the population. The absence of symptoms makes the
diagnosis of LSG an occasional event, consequent to its finding during investiga-
tions performed for other factors. Likewise, as in the normal population, gallstones
follow the physiological mechanism of formation. However, gallbladder
malpositioning does not seem to change the afferent pain pathways, and, as
reviewed by Iskandar et al. [6] on 32 articles, the related symptoms are those of
biliary colic or classic acute cholecystitis, with pain in the right upper quadrant or
epigastric pain.

The diagnosis of gallbladder gallstones is mostly performed with ultrasound, but
it has a very low diagnostic capacity in case of unknown LSG. Therefore, patients
presenting with symptoms of biliary colic or acute gallbladder cholecystitis have a
high probability to find this anomaly only during surgery. This condition exposes
the patient and the surgeon to considerable risk. In the literature, cases of biliary
lesions during cholecystectomy in LSG range from 4.4 [115] to 7.3% [5].

Laparoscopic cholecystectomy does not seem to be contraindicated, but some
precautions are necessary to avoid risks of complications. Many authors advocate
different techniques in trocar placement or in the patient’s position, but this strat-
egy could be applicable only in the case of preoperative diagnosis.

Figure 7.
Schematic representation of Shindon’s classification (21) with comparison and reclassification with our
nomenclature. (A) “Type A Shindon” corresponding to Type A1; (B) “Type B Shindon” corresponding to Type
D; (C) “Type C Shindon” corresponding to intermediate Types A1–A3.
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Anyway, the main risk factor seems to be the passage of the gallbladder anterior
to the liver pedicle. This rotation moves Calot’s triangle from horizontal and lateral
to a vertical and anterior position, bringing the gallbladder closer to the biliary tract
(Figure 8).

In normal cholecystectomy, the opening of the Calot allows moving the gall-
bladder and cystic duct away from the biliary tract. This isolation is performed with
a dissection directed from the superficial to the deep plane and is done by pulling
the gallbladder laterally. The dissection finishes posterolaterally by finding an area
free of tissue, corresponding to the posterior side on Calot’s triangle. In the case of
LSG, if we perform the dissection of the Calot using this method, we risk finding a
posterior plane occupied by the biliary tract and liver peduncle instead of a free one
(Figure 9).

Taking into account this condition, it is necessary to look for a dissection
modality that allows maintaining the distance from the biliary tract and the hepatic
peduncle. We advocate performing laparoscopic cholecystectomy with fundus first
technique [24] to achieve a proper distance from the hepatic pedicle. Once the body
of the gallbladder is detached from the liver surface and Calot’s triangle is joined, we
recommend to follow the dissection close to the gallbladder border. The border
dissection allows minimizing the removal of peripedicle fat tissue, avoiding
unintended biliary duct discovery. In order to augment the distance from the
pedicle and the biliary way, once the peritoneum of the Calot has been opened, it is
advisable to pull the gallbladder on the lateral side to horizontalize the triangle
itself. This traction can move the gallbladder on the right side of the hepatic pedicle,
repurposing the normal anatomy. After this mobilization, it could be useful to apply
the Strasberg criteria for the visualization of all structures [123], so that the cystic
duct and cystic artery can be dissected and clipped distant from the biliary tract,
after their recognition. In case of doubt, it is useful to perform an intraoperative
cholangiography or visualize the biliary tract with the indocyanine green or finally
proceed with the conversion to have a direct view.

Figure 8.
Blue gallbladder; green cystic duct and biliary way; brown liver. (A) Normal gallbladder frontal view; (A1)
normal gallbladder left lateral view; (B) left side gallbladder frontal view; and (B1) left side gallbladder left
lateral view.
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Considering the numerous possibilities with which a left gallbladder can present,
we recommend an accurate study of the entire hepatic anatomy, with the need to
recognize the portal, arterial, and biliary changes, in all patients presenting this
diagnosis in the preoperative setting.

4. Clinical implication

As pointed out in the previous paragraph, the presence of LSG is associated with
a high number of variations both internal and external to the liver, regardless of the
type of classification we want to use.

However, the presence of this anomaly does not seem to be associated with
either a particular clinical manifestation or cancer, thus representing a simple ana-
tomical variation presents in the population. The absence of symptoms makes the
diagnosis of LSG an occasional event, consequent to its finding during investiga-
tions performed for other factors. Likewise, as in the normal population, gallstones
follow the physiological mechanism of formation. However, gallbladder
malpositioning does not seem to change the afferent pain pathways, and, as
reviewed by Iskandar et al. [6] on 32 articles, the related symptoms are those of
biliary colic or classic acute cholecystitis, with pain in the right upper quadrant or
epigastric pain.

The diagnosis of gallbladder gallstones is mostly performed with ultrasound, but
it has a very low diagnostic capacity in case of unknown LSG. Therefore, patients
presenting with symptoms of biliary colic or acute gallbladder cholecystitis have a
high probability to find this anomaly only during surgery. This condition exposes
the patient and the surgeon to considerable risk. In the literature, cases of biliary
lesions during cholecystectomy in LSG range from 4.4 [115] to 7.3% [5].

Laparoscopic cholecystectomy does not seem to be contraindicated, but some
precautions are necessary to avoid risks of complications. Many authors advocate
different techniques in trocar placement or in the patient’s position, but this strat-
egy could be applicable only in the case of preoperative diagnosis.

Figure 7.
Schematic representation of Shindon’s classification (21) with comparison and reclassification with our
nomenclature. (A) “Type A Shindon” corresponding to Type A1; (B) “Type B Shindon” corresponding to Type
D; (C) “Type C Shindon” corresponding to intermediate Types A1–A3.
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Anyway, the main risk factor seems to be the passage of the gallbladder anterior
to the liver pedicle. This rotation moves Calot’s triangle from horizontal and lateral
to a vertical and anterior position, bringing the gallbladder closer to the biliary tract
(Figure 8).

In normal cholecystectomy, the opening of the Calot allows moving the gall-
bladder and cystic duct away from the biliary tract. This isolation is performed with
a dissection directed from the superficial to the deep plane and is done by pulling
the gallbladder laterally. The dissection finishes posterolaterally by finding an area
free of tissue, corresponding to the posterior side on Calot’s triangle. In the case of
LSG, if we perform the dissection of the Calot using this method, we risk finding a
posterior plane occupied by the biliary tract and liver peduncle instead of a free one
(Figure 9).

Taking into account this condition, it is necessary to look for a dissection
modality that allows maintaining the distance from the biliary tract and the hepatic
peduncle. We advocate performing laparoscopic cholecystectomy with fundus first
technique [24] to achieve a proper distance from the hepatic pedicle. Once the body
of the gallbladder is detached from the liver surface and Calot’s triangle is joined, we
recommend to follow the dissection close to the gallbladder border. The border
dissection allows minimizing the removal of peripedicle fat tissue, avoiding
unintended biliary duct discovery. In order to augment the distance from the
pedicle and the biliary way, once the peritoneum of the Calot has been opened, it is
advisable to pull the gallbladder on the lateral side to horizontalize the triangle
itself. This traction can move the gallbladder on the right side of the hepatic pedicle,
repurposing the normal anatomy. After this mobilization, it could be useful to apply
the Strasberg criteria for the visualization of all structures [123], so that the cystic
duct and cystic artery can be dissected and clipped distant from the biliary tract,
after their recognition. In case of doubt, it is useful to perform an intraoperative
cholangiography or visualize the biliary tract with the indocyanine green or finally
proceed with the conversion to have a direct view.

Figure 8.
Blue gallbladder; green cystic duct and biliary way; brown liver. (A) Normal gallbladder frontal view; (A1)
normal gallbladder left lateral view; (B) left side gallbladder frontal view; and (B1) left side gallbladder left
lateral view.
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While accurate dissection and recognition of structures in cholecystectomy can
prevent iatrogenic lesions, it is different in the case of liver resections. The anatom-
ical variations that can occur are so high that a detailed study of portal, arterial, and
biliary structures is mandatory. This necessity stems from the fact that the portal
variations may not correspond to arterial or biliary anomalies, and therefore, all
three of these structures must be considered separately. CT scan could be sufficient
for portal and arterial study, and in particular, 3D CT could be particularly effec-
tive. On the opposite, the CT scan is not sufficient to demonstrate biliary variations,
and for this reason, a magnetic resonance cholangiopancreatography is mandatory
before elective major hepatectomy to ensure patient’s safety [122].

Defining the types of resection is too complex, and therefore, each patient will
require an on-demand treatment depending on the anomalies found. The main issue
to keep in mind is that, in the case of LSG, liver supply can be sustained by only a
single portal branch, as pointed out by Hsu et al. [97]. This eventuality is charac-
terized by an arch shape of the portal vascularization visualized on CT scan, expos-
ing the risk of extending resection to most of the liver itself.

The approach to LSG seems to have a significant clinical implication,
augmenting the risk of complications in both liver resection and cholecystectomy.
On one side, even if the probability to perform liver resection in LSG is very low,
the risk is related to the major intrahepatic modification, on the other, considering
cholecystectomy one of the most frequent interventions in surgery, the risk is
related to the high probability to treat LSG as symptomatic gallbladder discovered
intraoperatively.

5. Conclusion

Left side gallbladder is a rare and little known anomaly that is diagnosed, in most
cases, during cholecystectomy for biliary colic or cholecystitis symptoms. The dis-
position of the gallbladder over the liver pedicle and the simultaneous presence of

Figure 9.
(A) Normal gallbladder frontal visual; (A1) normal gallbladder left lateral visual; (B) left side gallbladder
frontal vision; (B1) left side gallbladder left lateral. Visual red arrow: direction of dissection in Calot’s triangle.
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variations in the liver vascularization result in an increased risk during surgery. To
prevent complications, we recommend performing a cholecystectomy with safety
criteria, starting from the fundus and isolating Calot’s triangle along the edge of the
gallbladder. In the case of hepatic resection, an accurate study of the portal, arterial,
and biliary branches should be done before surgery. This makes possible to plan an
intervention tailored to the patient’s anatomical condition.
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variations in the liver vascularization result in an increased risk during surgery. To
prevent complications, we recommend performing a cholecystectomy with safety
criteria, starting from the fundus and isolating Calot’s triangle along the edge of the
gallbladder. In the case of hepatic resection, an accurate study of the portal, arterial,
and biliary branches should be done before surgery. This makes possible to plan an
intervention tailored to the patient’s anatomical condition.
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Chapter 8

Stereotactic Image-Guidance 
for Ablation of Malignant Liver 
Tumors
Iwan Paolucci, Raluca-Maria Sandu, Pascale Tinguely, 
Corina Kim-Fuchs, Martin Maurer, Daniel Candinas, 
Stefan Weber and Anja Lachenmayer

Abstract

Stereotactic percutaneous ablation is a rapidly advancing modality for treatment 
of tumors in soft solid organs such as the liver. Each year, there are about 850,000 
cases of primary liver cancer worldwide. Although surgical resection still is the gold 
standard for most cases, only 20–30% of patients are candidates for it, due to the 
advanced stage of the disease. Surgery can also be a huge burden to the patient and 
his/her quality of life might be temporarily severely reduced due to long hospital 
stays, complications, and slow recovery. To overcome these disadvantages, thermo-
ablation of tumors of up to 3 cm has become a more viable alternative especially in the 
last decade, offering a potentially equally effective but minimally invasive and tissue 
sparing treatment alternative. In conjunction with improved CT imaging, stereotactic 
image-guidance techniques and image fusion technology were introduced to increase 
safety, efficacy, and accuracy of this treatment. Stereotactic image-guidance leads to a 
simple, fast, and accurate placement of the ablation probe into the liver tumor, which 
is a prerequisite for a complete destruction of the tumor by ablation. More and more 
physicians, including surgeons, consider ablation a viable alternative to resection 
whenever feasible. Patients undergoing such a minimally invasive treatment benefit 
from a shorter hospital stays, reduced complication rates, and faster recovery.

Keywords: image-guidance, ablation, microwave/radiofrequency ablation, 
irreversible electroporation, liver tumors

1. Introduction

Thermal ablation of liver tumors is a minimally invasive locally destructive 
treatment alternative to surgical resection, which is the current gold standard for 
curative care. Not only is ablation considered for patients not amenable for surgical 
resection (<20%) but also increasingly for resectable tumors even with a curative 
intent [1–3]. Percutaneous ablation is generally performed under image-guidance 
based on CT, MRI, or ultrasound. Stereotactic image-guidance leads to a simple, 
fast, and accurate placement of the ablation needle into the liver tumor. Patients 
undergoing a percutaneous ablation benefit from an improved quality of life due to 
the shorter hospital stay compared to patients undergoing surgery [1].
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The key challenges in percutaneous ablations are complete coverage of the tumor 
with ablation necrosis including a 5- to 10-mm margin. Insufficient coverage of the 
ablation necrosis is related to local tumor progression, which is also associated with 
poor survival prognosis. While there are many unknown factors influencing the 
ablation process, one of the prerequisites is the accurate placement of the ablation 
needle in the tumor to ablate the tumor from the inside out. Stereotactic image-
guidance aims to provide technical means to plan and accurately place an ablation 
needle into the tumor and verify its complete destruction.

1.1 Indications

For primary liver tumors (hepatocellular carcinoma, HCC), ablation is con-
sidered in cases of very early to early stage disease (BCLC 0/A) with less than 
three lesions that are smaller than 3 cm in diameter, according to the Barcelona 
Clinic Liver Cancer (BCLC) staging system guidelines [4]. For liver metastases 
from colorectal cancer (CRLM), ablation is still mostly performed for lesions not 
amenable to resection; however, first comparative studies suggest equal oncological 
outcomes (local recurrence, survival) after ablation versus resection of potentially 
resectable lesions [5]. The application as alternative to resection for HCC > 1 cm 
and CRLM is currently studied in various clinical trials; however, the oncologic 
non-inferiority of ablation has still to be confirmed in prospective trials. While the 
guidelines do not specify the access (open surgical vs. laparoscopic vs. percutane-
ous), it has been shown that the percutaneous access has lower complication rates 
and hospital stay with similar oncologic outcomes. Therefore, percutaneous abla-
tions are generally preferred over surgical ablations. However, surgical ablations are 
performed in lesions that are difficult to target percutaneously or when ablation is 
combined with surgical resection. Stereotactic image-guidance offers a procedure to 
accurately target a lesion percutaneously, even in very difficult cases, in a predict-
able time.

In recent years, studies have been conducted to show that stereotactic image-guid-
ance also allows to treat larger lesions by combining multiple ablation zones to fully 
cover the lesion [6], and also as an option for downstaging or bridging candidates for 
liver transplantation [7]. Larger lesions can also be treated with transcatheter arterial 
chemoembolization (TACE), but complete necrosis is barely achieved due to incom-
plete embolization and tumor angiogenesis. Therefore, approaches have been studied 
where TACE is combined with thermal ablation for HCCs >3 cm and found a syner-
getic effect [8]. For this combined treatment approach, an image-guidance approach 
has also been proposed, and preliminary animal experiments conducted [9].

1.2 Available image-guidance systems

There are currently three stereotactic image-guidance systems available on the 
market. The CAS-One IR (CAScination AG, Switzerland) and IMACTIS (IMACTIS, 
France) systems are pure image-guidance systems, whereas the MAXIO (Perfint, 
India) is a system with an integrated robotic arm for needle alignment. There are 
also several research devices in use in specialized clinics and it is expected that more 
devices will be available in the future.

1.3 Ablation modalities

Tumor ablation is defined as the local delivery of thermal, chemical, or elec-
trical energy to a specific tumor in order to achieve its complete destruction. 
The most commonly used ablation techniques in conjunction with stereotactic 
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image-guidance are thermal, chemical, and electrical ablation, which are described 
in the following sections.

1.3.1 Thermal ablation

Radiofrequency ablation (RFA) refers to energy sources that generate energy 
within the RF spectrum between 300 and 500 KHz. The RF electrode destroys all 
the cells at the target zone by heating up the tissue as a result of a high alternating 
electrical field that oscillates in the high-frequency range [10]. In Microwave abla-
tions (MWA), a high-frequency electromagnetic field in the range of 900 MHz–2.45 
Ghz forces water molecules to continuously realign, which results in high kinetic 
energy that is converted to heat in the tissue. Both RFA and MWA techniques 
destroy the tumor cells by coagulation necrosis using heat above 60°C. Compared to 
RFA, MWA heats the tissue faster due to the different heat distribution and there-
fore is also less affected by adjacent vessels (heat sink effect) [11, 12].

To date, most evidence supporting local ablation for small HCC lesions is based 
on works reporting RFA treatment and the comparison of RFA versus surgical 
resection. However, more recently, the theoretical and clinical advantages of MWA 
have often been highlighted. These include shorter application times, and the gen-
eration of higher temperatures resulting in larger ablation zones. Currently, several 
works comparing RFA versus MWA have reported partially contradicting results, 
especially regarding local tumor control after bot treatments [13, 14]. Overall, it can 
be assumed that no significant difference between RFA and MWA regarding overall 
and recurrent-free survival in patients with HCC exists [15]. However, there seems 
to be a tendency toward superiority of MWA regarding local recurrence rates in 
larger tumors as well as regarding operating times.

Cryoablation destroys tissue with freezing temperatures, alternating freezing 
and thawing or slight heating. The rapid freezing of tissue disrupts the cellular 
membranes by direct intracellular ice crystal formation. The most commonly used 
cooling agents are argon gas or liquid nitrogen [16].

1.3.2 Chemical ablation

Percutaneous ethanol injection (PEI) is the most commonly employed chemical 
ablation technique, but was demonstrated to have inferior results to thermal abla-
tion [17]. PEI denaturizes the cellular proteins through cytoplasmic dehydration, 
which eventually also causes local coagulation necrosis. However, when compared 
to the other techniques, PEI shows significant disadvantages such as high local 
tumor progression rate, unpredictable ablation volumes, and lower overall survival 
rates.

1.3.3 Irreversible electroporation

Irreversible electroporation (IRE) is non-thermal ablation technique that deliv-
ers short pulses of high-voltage electrical energy directly to a tumor. This technique 
disrupts the cell membrane irreversibly and induces cell death by apoptosis (also 
known as natural cell death). The advantage of IRE is that it preserves blood vessels 
and therefore there is a high incentive to use IRE especially where vital structures 
and blood vessels can be easily damaged by thermal ablation methods [18]. IRE 
requires placing multiple needles in parallel and at a specific configuration and 
distance and therefore stereotactic image-guidance provides a precise placement of 
the needles. As IRE is a relatively new treatment, there are also less data available 
about its outcomes.
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2. Components of a stereotactic image-guidance system

In this chapter, the general components of stereotactic image-guidance devices 
are described. In general, such a system consists of (Figure 1):

a. a tracking system that measures the position and orientation of the patient and 
the instruments in 3D space

b. software packages for

• trajectory and ablation planning

• trajectory and ablation validation

• visualization aids for needle placement

c. an alignment device that allows an accurate placement of the ablation needle 
into the tumor

2.1 Tracking systems

The tracking system measures the position and orientation of the needle guid-
ance device and the patient in space. There are currently two different tracking 
modalities used for these procedures, namely optical and electromagnetic tracking. 
Optical tracking systems use a stereo infrared camera and locate retroreflecting 
spheres mounted on a rigid body— the so-called marker shields. Based on the 
geometry of these marker shields, the camera is able to identify them (e.g., needle 
guidance device). The second tracking modality is electromagnetic tracking, 
which generates an electromagnetic field and measures the current induced into 
small coils, which are attached to the device [19]. The position and orientation of 
the instrument are calculated from the current and a chip attached to the sensor 
provides information for identification.

Figure 1. 
Components and setup of a stereotactic image-guidance system.
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Optical tracking systems tend to be more accurate but have the problem of a 
line-of-sight. Therefore, if the line-of-sight is occluded (e.g., by blood, radiologists’ 
hand), the tracking device will lose track of the marker. Electromagnetic tracking 
relies on a known magnetic field and therefore is heavily affected by ferromagnetic 
and electrically conducting materials. Therefore, which system to use heavily 
depends on the target environment where the system will be used.

2.1.1 Patient tracking

A stereotactic image-guidance system needs to know where the patient is located 
relative to the tracking device in order to calculate the position of the needle guid-
ance device relative to the planned needle trajectory (Figure 2). One option is to 
place retroreflective spheres on the patient that are detectable by the optical track-
ing system [20]. These spheres are also detectable on the CT scan and can therefore 
be used to register the CT to the patient [21]. Another approach, typically used with 
EM-based systems, is to place a position sensor on the patient’s abdomen, which can 
be detected by the EM-tracking system. Both methods allow to track the patient in 
space. However, organ deformations due to breathing or repositioning of the patient 
cannot be calculated by these tracking methods. Nevertheless, when using multiple 
spheres or sensors, large deformations can be recognized, which allows to display a 
warning to the user.

2.2 Navigation software

The navigation software consists of planning tools, validation tools, and visu-
alization aids for the radiologist to accurately align the needle guide and place the 
ablation needle.

2.2.1 Trajectory and ablation planning software

With the trajectory planning component, the radiologist plans trajectories to 
the tumor and also estimates the amount of energy needed to successfully ablate 
the tumor. In the most basic form, the software allows to plan a single straight-line 
trajectory to the tumor. In a more advanced setting, the software compensates for 
the offset between the needle tip and the active zone (which depends on the type of 
ablation device) and also supports multi-needle ablations with overlapping ablation 

Figure 2. 
(left) Patient tracking method using multiple retroreflective spheres (right) or using a single EM position sensor 
(© IMACTIS).
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zones [6]. A trajectory for an ablation consists of a target point (tumor center) and 
an entry point on the skin. Depending on the location of the tumor, this trajectory 
passes nearby critical structures (e.g., major blood vessels, ribs) where specialized 
views along the needle trajectory are used to keep sufficient distance from these 
structures.

In cases where the tumor is not visible on the CT scan or the contrast agent can-
not be administered to the patient, a pre-operative MRI scan can be fused with the 
intra-operative CT. The image-guidance system then allows to plan the trajectory on 
the MRI scan and then calculates the location on the CT scan.

2.2.2 Navigation visualization

The visualization component for navigation typically consists of a crosshair 
viewer and/or CT slice with a real-time overlay of the needle trajectory. This allows 
the radiologist to align the needle guidance device with the planned trajectory and 
then to place the needle at the correct depth. An indication of the deformation 
or motion of the patient is also visualized for monitoring and estimation of the 
accuracy.

2.2.3 Ablation validation

The ablation validation component fuses the pre- and post-ablation CT scans 
and visualizes them using alpha blending. The radiologist can switch between the 
pre- and post-ablation scan by choosing the blending level. More advanced systems 
allow to segment the tumor and the ablation zone and present a coverage.

2.3 Needle guidance devices

2.3.1 Freehand stereotactic navigation

With freehand navigation, a position sensor is attached to the ablation needle 
and the position and orientation of the needle are measured by the tracking device. 
The radiologist can freely move the needle and the navigation screen helps to place 
the needle according to the defined plan.

2.3.2 Stereotactic arms

When using a stereotactic arm (Figure 3), the tracking device measures the 
position and orientation of the needle guide in the stereotactic arm and uses this 
information to guide the radiologist. Such an arm typically has multiple handles, 
which allow to adjust and lock each degree of freedom separately. With this, 
the radiologist first aligns the arm roughly to the entry point on the skin and 
then pulls the handle to lock the position of the stereotactic arm. The remaining 
handles can then be used to fine-adjust the orientation to exactly align the device 
to follow the planned trajectory. Once the trajectory is aligned, the needle can be 
placed through the needle guide with the depth that is indicated on the navigation 
screen [22].

Another advantage of the stereotactic arm is that it holds the needle in place 
during a control CT scan and during the ablation procedure. This prevents move-
ment of the needle, which would result in an uncontrolled ablation and potential 
tissue damage. Because the stereotactic arm holds the ablation needle during the 
control CT scan, the radiologist does not need to be in the CT room and thus is also 
not exposed to radiation [23].
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2.3.3 Robotic devices

These devices are motorized articulated arms for alignment of ablation needles, 
providing a 6-dimensional alignment of a trajectory with respect to the target. The 
radiologist delivers the needle by hand and the robots passively guide it. There is a 
commercial provider, which has shown superior results in terms of accuracy and 
precision when compared to freehand targeting [24]. The findings from pre-clinical 
models and also from available clinical data show that passive needle guidance 
robots do not significantly increase available accuracy compared to stereotactic 
arms. Therefore, it is rather a matter of choice which kind of system to use.

3. Procedure

In the following chapter, a typical workflow (Figure 4) for a stereotactic image-
guided percutaneous ablation of a liver tumor is presented.

3.1 Patient preparation

An important part when applying stereotactic guidance is that the organ of 
interest is properly fixated. In the case of the liver, that not only means to fixate 
the patient but also reduce the motion of the liver due to breathing. The fixation of 
the patient is generally done using a vacuum mattress. Once the patient is under 

Figure 3. 
Stereotactic arm during the adjustment of the needle trajectory.

Figure 4. 
Workflow of a percutaneous ablation of a liver tumor using stereotactic image-guidance.
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which allow to adjust and lock each degree of freedom separately. With this, 
the radiologist first aligns the arm roughly to the entry point on the skin and 
then pulls the handle to lock the position of the stereotactic arm. The remaining 
handles can then be used to fine-adjust the orientation to exactly align the device 
to follow the planned trajectory. Once the trajectory is aligned, the needle can be 
placed through the needle guide with the depth that is indicated on the navigation 
screen [22].

Another advantage of the stereotactic arm is that it holds the needle in place 
during a control CT scan and during the ablation procedure. This prevents move-
ment of the needle, which would result in an uncontrolled ablation and potential 
tissue damage. Because the stereotactic arm holds the ablation needle during the 
control CT scan, the radiologist does not need to be in the CT room and thus is also 
not exposed to radiation [23].
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arms. Therefore, it is rather a matter of choice which kind of system to use.

3. Procedure
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Figure 3. 
Stereotactic arm during the adjustment of the needle trajectory.
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Figure 5. 
Planning of a trajectory and the optimal ablation energy through an inter-costal trajectory.

anesthesia, the vacuum mattress is pressed toward the patient and the vacuum 
applied. This will prevent the patient from moving on the CT table.

To minimize the motion of the liver due to breathing, there are a number of 
alternatives:

• Apnea: where the ventilation is stopped on the ventilation device to hold a 
predefined air pressure inside the lung.

• Tube disconnection: where the endotracheal tube is disconnected from the 
ventilation device and all air is exhaled from the lungs.

• High-frequency jet ventilation (HFJV): where short pulses of small volumes 
of pressurized air are delivered with high respiratory rates. This technique of 
mechanical ventilation results in minimal movement of lung and abdominal 
organs and is feasible for long durations [25].

Apnea and tube disconnection are applied during the CT scans and during the 
needle placement, while during the rest of the procedure, normal ventilation is 
applied. Jet ventilation can be applied during the whole procedure or also only dur-
ing the CT scans and the needle placement.

3.1.1 Marker for patient tracking

Before starting the procedure, the patient tracker has to be placed on the 
patient’s abdomen. Depending on the system, there are also specific requirements 
on how and where to place these markers for optimal accuracy of the system.

3.2 Trajectory planning

A trajectory for an ablation consists of a target point (the center of the tumor) 
and an entry point (entry on the skin) (Figure 5). Most ablation systems do not 
have their active center (the center of the ablation) at the tip. Therefore, the ablation 
system and the needle type can be selected, and the navigation system then com-
putes a modified trajectory, such that the center of the ablation is in the center of the 
tumor. Additional to the trajectory, software guidance can also support the decision 
of the time and energy level to apply during the ablation. To avoid the puncture of 
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blood vessels or other organs at risk, the navigation system presents a slice of the CT 
scan along the planned trajectory. This is especially useful in ablations in the superior 
segments where usually a sub- or inter-costal trajectory is required.

In case the tumor is not visible on the CECT scan, a pre-operative MRI scan can 
be fused with the intra-operative CT scan. The trajectory can then be planned on 
the MRI scan and the navigation system calculates the position of the trajectory 
on the intra-operative CT scan. One thing to consider is that the liver might have 
deformed with respect to the MRI scan depending on the positioning of the patient. 
Therefore, it is crucial to visually assess the accuracy of the fusion before planning a 
trajectory.

3.3 Navigated needle placement

During the navigated needle placement, the radiologist aligns the stereotactic 
arm with the planned trajectory according to the crosshair viewer. Additionally, 
the system presents a real-time overlay of the needle trajectory on the CT scan 
(Figure 6). Once the stereotactic arm is aligned, the needle can be placed into the 
tumor according to the depth information on the display.

Depending on the patient tracking method, the system presents a real-time 
estimation of the deformation of the organ and stops the navigation display if the 
estimated deformation is too large.

3.4 Needle validation

To ensure correct needle position before applying the energy of the ablation 
needle, a non-enhanced CT scan is acquired and fused with the planning scan by 
the navigation system. The image-guidance system then either detects the needle 
automatically or the radiologist selects it manually. Based on this selection and the 
planned trajectory, the needle placement accuracy is measured and displayed on the 
screen (Figure 7). If the placement accuracy is insufficient (>3 mm), the radiologist 
would repeat the needle placement step.

Figure 6. 
Crosshair viewer with the orientation and depth aid for accurate placement and a real-time CT slice along the 
current trajectory.
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segments where usually a sub- or inter-costal trajectory is required.
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be fused with the intra-operative CT scan. The trajectory can then be planned on 
the MRI scan and the navigation system calculates the position of the trajectory 
on the intra-operative CT scan. One thing to consider is that the liver might have 
deformed with respect to the MRI scan depending on the positioning of the patient. 
Therefore, it is crucial to visually assess the accuracy of the fusion before planning a 
trajectory.

3.3 Navigated needle placement

During the navigated needle placement, the radiologist aligns the stereotactic 
arm with the planned trajectory according to the crosshair viewer. Additionally, 
the system presents a real-time overlay of the needle trajectory on the CT scan 
(Figure 6). Once the stereotactic arm is aligned, the needle can be placed into the 
tumor according to the depth information on the display.

Depending on the patient tracking method, the system presents a real-time 
estimation of the deformation of the organ and stops the navigation display if the 
estimated deformation is too large.

3.4 Needle validation

To ensure correct needle position before applying the energy of the ablation 
needle, a non-enhanced CT scan is acquired and fused with the planning scan by 
the navigation system. The image-guidance system then either detects the needle 
automatically or the radiologist selects it manually. Based on this selection and the 
planned trajectory, the needle placement accuracy is measured and displayed on the 
screen (Figure 7). If the placement accuracy is insufficient (>3 mm), the radiologist 
would repeat the needle placement step.

Figure 6. 
Crosshair viewer with the orientation and depth aid for accurate placement and a real-time CT slice along the 
current trajectory.
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In lesions that are close to critical structures (vena cava, heart, etc.), the needle 
can be placed at three-fourths of the final depth and correct orientation can be mea-
sured on the needle validation scan before the needle is inserted into the final target.

3.5 Ablation

Once correct needle placement is confirmed, the energy is applied by the abla-
tion device. The amount of energy needed can also be planned with the planning 
software. However, recent studies have shown that the resulting ablation zones 
differ from the prediction based on the ex-vivo results that are provided by the abla-
tion device manufacturers [26] and also depend on the tumor type [27].

3.6 Ablation validation

In this step, the radiologist evaluates the coverage of the tumor by the ablation 
necrosis, which has been shown to be an independent predictor in determining local 

Figure 8. 
Ablation zone validation with the tumor on the pre-ablation scan (left) and the ablation necrosis on the post-
ablation scan (right).

Figure 7. 
Needle validation on a CT slice along the actual needle trajectory.
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tumor recurrence with a larger ablation margin resulting in a lower risk of local 
tumor recurrence [28]. The ablation coverage and margin are evaluated by visual 
assessment where the radiologist compares the pre- and post-ablation scans, which 
can be displayed side-by-side on a radiological screen or overlaid with transpar-
ency (Figure 8). An image-guidance system or external software can display the 
segmented tumor and the planned ablation margin, which makes the visual abla-
tion validation more accurate, reproducible, and less subjective by providing visual 
markers and boundaries. If the radiologist identifies residual tumor or insufficient 
margin on the fused pre- and post-ablation scan, then another ablation is per-
formed in the same procedure. Therefore, a new trajectory is planned based on the 
post-ablation scan to also cover the remaining tumor.

4. Current evidence and future perspectives

Using stereotactic ablation reduces the exposure to radiation and procedure time 
while improving the needle placement accuracy at the same time [29]. The inter-
ventional radiologist can leave the CT room during the acquisition, and therefore 
is not exposed to ionizing radiation at all. There are also large retrospective studies 
showing the potential benefits and applications of stereotactic image-guided abla-
tions. While these studies do not show better oncological outcomes when using ste-
reotactic ablation over conventional ablation, they state that the number of patients 
treated with a curative intent largely increased with the introduction of stereotactic 
guidance [1, 30, 31]. Furthermore, it has been shown in case-reports that stereotaxy 
was especially useful in very difficult cases when the tumor would not be reachable 
with conventional CT guidance [32].

Despite the current evidence showing that stereotactic image-guidance improves 
ablation needle accuracy and reduces procedure time and radiation dose, the abla-
tion treatment itself has limitations, which are part of the current research—both 
clinical and engineering research.

4.1 Ablation of larger tumors

One of the short-term improvements of thermal ablations is the reproducible 
ablation of tumors larger than 3 cm. Current evidence shows that the LTP rate is 
higher in tumors larger than 3 cm and therefore such tumors are not recommended 
to treat with ablation [30, 33]. There are studies reporting larger ablation zones 
when using multiple needles in parallel, which could cover tumors larger than 3 cm 
[34]. With stereotactic image-guidance, such treatments can be delivered more 
reproducibly [6]. However, using multiple needles heavily increases the cost for the 
procedure at some institutions, which can be a major limitation.

4.2 Ablation zone prediction

The planning of the ablation employs the information from the ablation device 
manufactures’ brochures, which presents the expected ablation necrosis that can 
be obtained for a specific energy delivered. The ablation model presented in the 
brochures is described as an ellipsoidal or spherical volume, which was obtained 
from measuring the ablation necrosis in ex-vivo, non-perfused, healthy animal liv-
ers. Recent studies have shown that the in-vivo ablation volumes differ significantly 
from the ex-vivo data, with the in-vivo ablation volumes being much smaller than 
the ex-vivo data predicts [26, 35]. Future models will be based on retrospective in-
vivo data and also take any clinical parameters into account, such as the pathology 
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reotactic ablation over conventional ablation, they state that the number of patients 
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guidance [1, 30, 31]. Furthermore, it has been shown in case-reports that stereotaxy 
was especially useful in very difficult cases when the tumor would not be reachable 
with conventional CT guidance [32].

Despite the current evidence showing that stereotactic image-guidance improves 
ablation needle accuracy and reduces procedure time and radiation dose, the abla-
tion treatment itself has limitations, which are part of the current research—both 
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4.1 Ablation of larger tumors
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to treat with ablation [30, 33]. There are studies reporting larger ablation zones 
when using multiple needles in parallel, which could cover tumors larger than 3 cm 
[34]. With stereotactic image-guidance, such treatments can be delivered more 
reproducibly [6]. However, using multiple needles heavily increases the cost for the 
procedure at some institutions, which can be a major limitation.

4.2 Ablation zone prediction

The planning of the ablation employs the information from the ablation device 
manufactures’ brochures, which presents the expected ablation necrosis that can 
be obtained for a specific energy delivered. The ablation model presented in the 
brochures is described as an ellipsoidal or spherical volume, which was obtained 
from measuring the ablation necrosis in ex-vivo, non-perfused, healthy animal liv-
ers. Recent studies have shown that the in-vivo ablation volumes differ significantly 
from the ex-vivo data, with the in-vivo ablation volumes being much smaller than 
the ex-vivo data predicts [26, 35]. Future models will be based on retrospective in-
vivo data and also take any clinical parameters into account, such as the pathology 
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of the tissue, the patient’s clinical background, other treatments being administered 
(e.g., chemotherapy), and the influence of adjacent blood vessels on the expansion 
of the ablation volume.

4.3 Quantitative ablation assessment

Recently, there has been a high interest in quantitative ablation assessment to 
decrease the local tumor progression rates by ensuring complete ablation coverage 
and sufficient (<5mm) ablation margin using 3D image analysis software [36]. 
There are several studies that have attempted to describe the ablation success or 
coverage using numerical metrics derived from 3D tumor and ablation segmenta-
tions based on a follow-up scan at 4–8 weeks after ablation [37]. However, a fast 
intra-operative tool for assessing the ablation outcome would enable an immediate 
re-ablation and achievement of complete tumor destruction in the same treatment 
session. The Ablation fit (Ablation-fit, Italy) software is currently the only software 
available on the market for intra-operative quantitative 3D ablation assessment. 
However, evidence of the predictive value of intra-operative assessment is still 
limited as it has been evaluated only at a single center so far and due to the unknown 
tissue shrinkage after thermal ablation treatment [38].

4.4 Robotics

As in other disciplines in medicine, robotics will also be introduced in inter-
ventional oncology on a larger scale. While there are robotic devices available for 
stereotactic ablations, these are merely motorized arms for alignment. The radiolo-
gist still has to be sterile at the CT table and place the needle by hand. However, the 
future most likely will go toward autonomous robots that plan the trajectory, place 
the needle, and choose the right amount of energy for ablation. The radiologist 
might then be able to control the procedure in the control CT room monitoring and 
approving the robots’ decisions [39–41].

5. Conclusion

In conclusion, stereotactic image-guidance provides technical support for 
accurately planning and placing ablation needles at the desired location and verify-
ing the complete destruction of the tumor. These highly complex systems not only 
decrease radiation dose, contrast, and needle punctures, but also give a predictable 
procedure time even in technical challenging cases, which allows to optimally allo-
cate the resources in an interventional radiology suite and most importantly offers 
the patient a safe and efficient minimally invasive procedure.

Conflict of interest

No conflict of interest.

163

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

Author details

Iwan Paolucci1*, Raluca-Maria Sandu1, Pascale Tinguely2, Corina Kim-Fuchs2, 
Martin Maurer3, Daniel Candinas2, Stefan Weber1 and Anja Lachenmayer2

1 ARTORG Center for Biomedical Engineering, University of Bern, Bern, 
Switzerland

2 Department of Visceral Surgery and Medicine, University Hospital of Bern, Bern, 
Switzerland

3 Department of Diagnostic and Interventional Radiology, University Hospital of 
Bern, Bern, Switzerland

*Address all correspondence to: iwan.paolucci@artorg.unibe.ch

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



Liver Pathology

162

of the tissue, the patient’s clinical background, other treatments being administered 
(e.g., chemotherapy), and the influence of adjacent blood vessels on the expansion 
of the ablation volume.

4.3 Quantitative ablation assessment

Recently, there has been a high interest in quantitative ablation assessment to 
decrease the local tumor progression rates by ensuring complete ablation coverage 
and sufficient (<5mm) ablation margin using 3D image analysis software [36]. 
There are several studies that have attempted to describe the ablation success or 
coverage using numerical metrics derived from 3D tumor and ablation segmenta-
tions based on a follow-up scan at 4–8 weeks after ablation [37]. However, a fast 
intra-operative tool for assessing the ablation outcome would enable an immediate 
re-ablation and achievement of complete tumor destruction in the same treatment 
session. The Ablation fit (Ablation-fit, Italy) software is currently the only software 
available on the market for intra-operative quantitative 3D ablation assessment. 
However, evidence of the predictive value of intra-operative assessment is still 
limited as it has been evaluated only at a single center so far and due to the unknown 
tissue shrinkage after thermal ablation treatment [38].

4.4 Robotics

As in other disciplines in medicine, robotics will also be introduced in inter-
ventional oncology on a larger scale. While there are robotic devices available for 
stereotactic ablations, these are merely motorized arms for alignment. The radiolo-
gist still has to be sterile at the CT table and place the needle by hand. However, the 
future most likely will go toward autonomous robots that plan the trajectory, place 
the needle, and choose the right amount of energy for ablation. The radiologist 
might then be able to control the procedure in the control CT room monitoring and 
approving the robots’ decisions [39–41].

5. Conclusion

In conclusion, stereotactic image-guidance provides technical support for 
accurately planning and placing ablation needles at the desired location and verify-
ing the complete destruction of the tumor. These highly complex systems not only 
decrease radiation dose, contrast, and needle punctures, but also give a predictable 
procedure time even in technical challenging cases, which allows to optimally allo-
cate the resources in an interventional radiology suite and most importantly offers 
the patient a safe and efficient minimally invasive procedure.

Conflict of interest

No conflict of interest.

163

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

Author details

Iwan Paolucci1*, Raluca-Maria Sandu1, Pascale Tinguely2, Corina Kim-Fuchs2, 
Martin Maurer3, Daniel Candinas2, Stefan Weber1 and Anja Lachenmayer2

1 ARTORG Center for Biomedical Engineering, University of Bern, Bern, 
Switzerland

2 Department of Visceral Surgery and Medicine, University Hospital of Bern, Bern, 
Switzerland

3 Department of Diagnostic and Interventional Radiology, University Hospital of 
Bern, Bern, Switzerland

*Address all correspondence to: iwan.paolucci@artorg.unibe.ch

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



164

Liver Pathology

[1] Beermann M, Lindeberg J, 
Engstrand J, Galmén K, Karlgren S, 
Stillström D, et al. 1000 consecutive 
ablation sessions in the era of 
computer assisted image guidance—
Lessons learned. European Journal 
of Radiology Open. 2019;6:1-8. 
Available from: https://www.
sciencedirect.com/science/article/pii/
S2352047718301072?via%3Dihub [cited 
March 12, 2019]

[2] Dupré A, Jones RP, Diaz-Nieto R, 
Fenwick SW, Poston GJ, Malik HZ. 
Curative-intent treatment of recurrent 
colorectal liver metastases: A 
comparison between ablation and 
resection. European Journal of 
Surgical Oncology. 2017;43(10):1901-
1907. Available from: https://
linkinghub.elsevier.com/retrieve/pii/
S0748798317306467 [cited August 13, 
2019]

[3] Leoni S, Piscaglia F, Serio I, Terzi E, 
Pettinari I, Croci L, et al. Adherence 
to AASLD guidelines for the treatment 
of hepatocellular carcinoma in clinical 
practice: Experience of the Bologna 
liver oncology group. Digestive 
and Liver Disease. 2014;46(6):549-
555. Available from: https://www.
sciencedirect.com/science/article/pii/
S1590865814002448?via%3Dihub [cited 
August 13, 2019]

[4] Sastre J, Díaz-Beveridge R, 
García-Foncillas J, Guardeño R, 
López C, Pazo R, et al. Clinical guideline 
SEOM: Hepatocellular carcinoma. 
Clinical and Translational Oncology. 
2015;17(12):988-995

[5] Meijerink MR, Puijk RS, van 
Tilborg AAJM, Henningsen KH, 
Fernandez LG, Neyt M, et al. 
Radiofrequency and microwave ablation 
compared to systemic chemotherapy 
and to partial hepatectomy in the 
treatment of colorectal liver metastases: 
A systematic review and meta-analysis. 

Cardiovascular and Interventional 
Radiology. 2018;41(8):1189-1204. DOI: 
10.1007/s00270-018-1959-3

[6] Bale R, Widmann G, 
Stoffner DIIR. Stereotaxy: Breaking 
the limits of current radiofrequency 
ablation techniques. European  
Journal of Radiology. 2010;75(1): 
32-36. Available from: https://www.
sciencedirect.com/science/article/pii/
S0720048X10001774?via%3Dihub 
[cited July 10, 2019]

[7] Bale R, Schullian P, Eberle G, 
Putzer D, Zoller H, Schneeberger S, 
et al. Stereotactic radiofrequency 
ablation of hepatocellular carcinoma - A 
histopathological study in explanted 
livers. Hepatology. 2018:hep.30406. 
Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1002/hep.30406 
[cited July 10, 2019]

[8] Wang X, Hu Y, Ren M, 
Lu X, Lu G, He S. Efficacy and safety 
of radiofrequency ablation 
combined with transcatheter arterial 
chemoembolization for hepatocellular 
carcinomas compared with 
radiofrequency ablation alone: A time-
to-event meta-analysis. Korean Journal 
of Radiology;17(1):93-102

[9] Tinguely P, Schwalbe M, Fuss T, 
Guensch DP, Kohler A, Baumgartner I, 
et al. Multi-operational selective 
computer-assisted targeting 
of hepatocellular carcinoma-
evaluation of a novel approach for 
navigated tumor ablation. PLoS 
One. 2018;13(5):e0197914. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/29791518 [cited September 04, 
2019]

[10] Lencioni R, Crocetti L. Local-
regional treatment of hepatocellular 
carcinoma. Radiology. 2012;262(1): 
43-58. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22190656

References

165

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

[11] Tombesi P, Di Vece F, Bianchi L, 
Sartori S. Thermal ablation of liver 
tumours: How the scenario has changed 
in the last decade. The European 
Medical Journal. 2018;6:88-94

[12] Vogl TJ, Nour-Eldin NEA, 
Hammerstingl RM, Panahi B, 
Naguib NNN. Microwave Ablation 
(MWA): Basics, Technique and Results in 
Primary and Metastatic Liver Neoplasms - 
Review Article [Internet]. Vol. 189, 
RoFo Fortschritte auf dem Gebiet der 
Rontgenstrahlen und der Bildgebenden 
Verfahren. 2017. p. 1055-66. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/28834968 [cited August 22, 2019]

[13] Potretzke TA, Ziemlewicz TJ, 
Hinshaw JL, Lubner MG, Wells SA, 
Brace CL, et al. Microwave versus 
radiofrequency ablation treatment for 
hepatocellular carcinoma: A comparison 
of efficacy at a single center. Journal of 
Vascular and Interventional Radiology. 
2016;27(5):631-638. DOI: 10.1016/j.
jvir.2016.01.136

[14] Kamal A, Elmoety AAA, 
Rostom YAM, Shater MS, Lashen SA. 
Percutaneous radiofrequency versus 
microwave ablation for management 
of hepatocellular carcinoma: A 
randomized controlled trial. The 
Journal of Gastrointestinal Oncology. 
2019;10(3):562-571

[15] Facciorusso A, Di Maso M, 
Muscatiello N. Microwave ablation 
versus radiofrequency ablation for the 
treatment of hepatocellular carcinoma: 
A systematic review and meta-analysis. 
International Journal of Hyperthermia. 
2016;32(3):339-344

[16] Ryan MJ, Willatt J, Majdalany BS, 
Kielar AZ, Chong S, Ruma JA, et al. 
Ablation techniques for primary and 
metastatic liver tumors. World Journal 
of Hepatology. 2016;8(3):191-199

[17] Zhu GQ , Sun M, Liao WT, 
Yu WH, Zhou SL, Zhou ZJ, et al. 

Comparative efficacy and safety 
between ablative therapies or surgery 
for small hepatocellular carcinoma: A 
network meta-analysis. Expert Review 
of Gastroenterology and Hepatology. 
2018;12(9):935-945. Available from: 
https://www.tandfonline.com/doi/full/ 
10.1080/17474124.2018.1503531 [cited 
August 22, 2019]

[18] Yu H, Burke CT. Comparison of 
percutaneous ablation technologies 
in the treatment of malignant liver 
tumors. Seminars in Interventional 
Radiology. 2014;31(2):129-137. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/25071303 [cited August 19, 
2019]

[19] Franz AM, Haidegger T, 
Birkfellner W, Cleary K, Peters TM, 
Maier-Hein L. Electromagnetic tracking 
in medicine—A review of technology, 
validation, and applications. IEEE 
Transactions on Medical Imaging. 
2014;33(8):1702-1725. Available from: 
http://www.ieee.org/publications_
standards/publications/rights/index.
html [cited Sepetember 7, 2016]

[20] Oliveira-Santos T, Peterhans M, 
Hofmann S, Weber S. Passive single 
marker tracking for organ motion and 
deformation detection in open liver 
surgery. Lecture Notes in Computer 
Science (including Subser Lect Notes 
Artif Intell Lect Notes Bioinformatics). 
2011;6689 LNCS:156-167

[21] Oliveira-Santos T, Klaeser B, 
Weitzel T, Krause T, Nolte L-P, 
Peterhans M, et al. A navigation 
system for percutaneous needle 
interventions based on PET/CT 
images: Design, workflow and error 
analysis of soft tissue and bone 
punctures. Computer Aided Surgery. 
2011;16(5):203-219

[22] Toporek G, Wallach D, 
Weber S, Bale R, Widmann G. Cone-
beam computed tomography-guided 
stereotactic liver punctures: A 



164

Liver Pathology

[1] Beermann M, Lindeberg J, 
Engstrand J, Galmén K, Karlgren S, 
Stillström D, et al. 1000 consecutive 
ablation sessions in the era of 
computer assisted image guidance—
Lessons learned. European Journal 
of Radiology Open. 2019;6:1-8. 
Available from: https://www.
sciencedirect.com/science/article/pii/
S2352047718301072?via%3Dihub [cited 
March 12, 2019]

[2] Dupré A, Jones RP, Diaz-Nieto R, 
Fenwick SW, Poston GJ, Malik HZ. 
Curative-intent treatment of recurrent 
colorectal liver metastases: A 
comparison between ablation and 
resection. European Journal of 
Surgical Oncology. 2017;43(10):1901-
1907. Available from: https://
linkinghub.elsevier.com/retrieve/pii/
S0748798317306467 [cited August 13, 
2019]

[3] Leoni S, Piscaglia F, Serio I, Terzi E, 
Pettinari I, Croci L, et al. Adherence 
to AASLD guidelines for the treatment 
of hepatocellular carcinoma in clinical 
practice: Experience of the Bologna 
liver oncology group. Digestive 
and Liver Disease. 2014;46(6):549-
555. Available from: https://www.
sciencedirect.com/science/article/pii/
S1590865814002448?via%3Dihub [cited 
August 13, 2019]

[4] Sastre J, Díaz-Beveridge R, 
García-Foncillas J, Guardeño R, 
López C, Pazo R, et al. Clinical guideline 
SEOM: Hepatocellular carcinoma. 
Clinical and Translational Oncology. 
2015;17(12):988-995

[5] Meijerink MR, Puijk RS, van 
Tilborg AAJM, Henningsen KH, 
Fernandez LG, Neyt M, et al. 
Radiofrequency and microwave ablation 
compared to systemic chemotherapy 
and to partial hepatectomy in the 
treatment of colorectal liver metastases: 
A systematic review and meta-analysis. 

Cardiovascular and Interventional 
Radiology. 2018;41(8):1189-1204. DOI: 
10.1007/s00270-018-1959-3

[6] Bale R, Widmann G, 
Stoffner DIIR. Stereotaxy: Breaking 
the limits of current radiofrequency 
ablation techniques. European  
Journal of Radiology. 2010;75(1): 
32-36. Available from: https://www.
sciencedirect.com/science/article/pii/
S0720048X10001774?via%3Dihub 
[cited July 10, 2019]

[7] Bale R, Schullian P, Eberle G, 
Putzer D, Zoller H, Schneeberger S, 
et al. Stereotactic radiofrequency 
ablation of hepatocellular carcinoma - A 
histopathological study in explanted 
livers. Hepatology. 2018:hep.30406. 
Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1002/hep.30406 
[cited July 10, 2019]

[8] Wang X, Hu Y, Ren M, 
Lu X, Lu G, He S. Efficacy and safety 
of radiofrequency ablation 
combined with transcatheter arterial 
chemoembolization for hepatocellular 
carcinomas compared with 
radiofrequency ablation alone: A time-
to-event meta-analysis. Korean Journal 
of Radiology;17(1):93-102

[9] Tinguely P, Schwalbe M, Fuss T, 
Guensch DP, Kohler A, Baumgartner I, 
et al. Multi-operational selective 
computer-assisted targeting 
of hepatocellular carcinoma-
evaluation of a novel approach for 
navigated tumor ablation. PLoS 
One. 2018;13(5):e0197914. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/29791518 [cited September 04, 
2019]

[10] Lencioni R, Crocetti L. Local-
regional treatment of hepatocellular 
carcinoma. Radiology. 2012;262(1): 
43-58. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/22190656

References

165

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

[11] Tombesi P, Di Vece F, Bianchi L, 
Sartori S. Thermal ablation of liver 
tumours: How the scenario has changed 
in the last decade. The European 
Medical Journal. 2018;6:88-94

[12] Vogl TJ, Nour-Eldin NEA, 
Hammerstingl RM, Panahi B, 
Naguib NNN. Microwave Ablation 
(MWA): Basics, Technique and Results in 
Primary and Metastatic Liver Neoplasms - 
Review Article [Internet]. Vol. 189, 
RoFo Fortschritte auf dem Gebiet der 
Rontgenstrahlen und der Bildgebenden 
Verfahren. 2017. p. 1055-66. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/28834968 [cited August 22, 2019]

[13] Potretzke TA, Ziemlewicz TJ, 
Hinshaw JL, Lubner MG, Wells SA, 
Brace CL, et al. Microwave versus 
radiofrequency ablation treatment for 
hepatocellular carcinoma: A comparison 
of efficacy at a single center. Journal of 
Vascular and Interventional Radiology. 
2016;27(5):631-638. DOI: 10.1016/j.
jvir.2016.01.136

[14] Kamal A, Elmoety AAA, 
Rostom YAM, Shater MS, Lashen SA. 
Percutaneous radiofrequency versus 
microwave ablation for management 
of hepatocellular carcinoma: A 
randomized controlled trial. The 
Journal of Gastrointestinal Oncology. 
2019;10(3):562-571

[15] Facciorusso A, Di Maso M, 
Muscatiello N. Microwave ablation 
versus radiofrequency ablation for the 
treatment of hepatocellular carcinoma: 
A systematic review and meta-analysis. 
International Journal of Hyperthermia. 
2016;32(3):339-344

[16] Ryan MJ, Willatt J, Majdalany BS, 
Kielar AZ, Chong S, Ruma JA, et al. 
Ablation techniques for primary and 
metastatic liver tumors. World Journal 
of Hepatology. 2016;8(3):191-199

[17] Zhu GQ , Sun M, Liao WT, 
Yu WH, Zhou SL, Zhou ZJ, et al. 

Comparative efficacy and safety 
between ablative therapies or surgery 
for small hepatocellular carcinoma: A 
network meta-analysis. Expert Review 
of Gastroenterology and Hepatology. 
2018;12(9):935-945. Available from: 
https://www.tandfonline.com/doi/full/ 
10.1080/17474124.2018.1503531 [cited 
August 22, 2019]

[18] Yu H, Burke CT. Comparison of 
percutaneous ablation technologies 
in the treatment of malignant liver 
tumors. Seminars in Interventional 
Radiology. 2014;31(2):129-137. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/25071303 [cited August 19, 
2019]

[19] Franz AM, Haidegger T, 
Birkfellner W, Cleary K, Peters TM, 
Maier-Hein L. Electromagnetic tracking 
in medicine—A review of technology, 
validation, and applications. IEEE 
Transactions on Medical Imaging. 
2014;33(8):1702-1725. Available from: 
http://www.ieee.org/publications_
standards/publications/rights/index.
html [cited Sepetember 7, 2016]

[20] Oliveira-Santos T, Peterhans M, 
Hofmann S, Weber S. Passive single 
marker tracking for organ motion and 
deformation detection in open liver 
surgery. Lecture Notes in Computer 
Science (including Subser Lect Notes 
Artif Intell Lect Notes Bioinformatics). 
2011;6689 LNCS:156-167

[21] Oliveira-Santos T, Klaeser B, 
Weitzel T, Krause T, Nolte L-P, 
Peterhans M, et al. A navigation 
system for percutaneous needle 
interventions based on PET/CT 
images: Design, workflow and error 
analysis of soft tissue and bone 
punctures. Computer Aided Surgery. 
2011;16(5):203-219

[22] Toporek G, Wallach D, 
Weber S, Bale R, Widmann G. Cone-
beam computed tomography-guided 
stereotactic liver punctures: A 



Liver Pathology

166

phantom study. Cardiovascular 
and Interventional Radiology. 
2013;36(6):1629-1637. Available from: 
http://link.springer.com/10.1007/
s00270-013-0635-x [cited July 7, 2016]

[23] Wallach D, Toporek G, Weber S, 
Bale R, Widmann G. Comparison of 
freehand-navigated and aiming device-
navigated targeting of liver lesions. 
International Journal of Medical 
Robotics and Computer Assisted 
Surgery. 2014;10(1):35-43. Available 
from: http://doi.wiley.com/10.1002/
rcs.1505 [cited August 13, 2019]

[24] Beyer LP, Pregler B, 
Niessen C, Dollinger M, 
Graf BM, Müller M, et al. Robot-assisted 
microwave thermoablation of liver 
tumors: A single-center experience. 
International Journal of Computer 
Assisted Radiology and Surgery. 
2016;11(2):253-259

[25] Engstrand J, Toporek G, 
Harbut P, Jonas E, Nilsson H, 
Freedman J. Stereotactic CT-guided 
percutaneous microwave ablation 
of liver tumors with the use of high-
frequency jet ventilation: An accuracy 
and procedural safety study. The 
American Journal of Roentgenology. 
Jan 2017;208(1):193-200. [Internet] 
Available from: http://www.ajronline.
org/doi/10.2214/AJR.15.15803

[26] Ruiter SJS, Heerink WJ, de 
Jong KP. Liver microwave ablation: 
A systematic review of various FDA-
approved systems. European Radiology. 
Springer. 2019;29:4026-4035. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/30506218 [cited August 15, 
2019]

[27] Heerink WJ, Solouki AM, 
Vliegenthart R, Ruiter SJS, Sieders E, 
Oudkerk M, et al. The relationship 
between applied energy and 
ablation zone volume in patients 
with hepatocellular carcinoma and 
colorectal liver metastasis. European 

Radiology. 2018;28(8):3228-3236. 
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/29536242 [cited June 
6, 2019]

[28] Wang X, Sofocleous CT, Erinjeri JP, 
Petre EN, Gonen M, Do KG, et al. 
Margin size is an independent predictor 
of local tumor progression after ablation 
of colon cancer liver metastases. 
Cardiovascular and Interventional 
Radiology. 2013;36(1):166-175. 
Available from: http://link.springer.
com/10.1007/s00270-012-0377-1 [cited 
August 10, 2019]

[29] Beyer LP, Pregler B, Nießen C, 
Schicho A, Haimerl M, Jung EM, et al. 
Stereotactically-navigated percutaneous 
irreversible electroporation (IRE) 
compared to conventional IRE: 
A prospective trial. Peer Journal. 
2016;4:e2277. Available from: 
http://www.ncbi.nlm.nih.gov/
pubmed/27602266 [cited June 9, 2017]

[30] Tinguely P, Frehner L, 
Lachenmayer A, Banz V, Weber S, 
Candinas D, et al. Stereotactic image-
guided microwave ablation for malignant 
liver tumors—A multivariable accuracy 
and efficacy analysis (In review)

[31] Lachenmayer A, Tinguely P, 
Maurer M, Frehner L, Knöpfli M, 
Peterhans M, et al. Stereotactic Image-
Guided Microwave Ablation of 
Hepatocellular Carcinoma using a 
computer-assisted navigation system. 
Liver International. 2019:liv.14187. 
Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1111/liv.14187

[32] Fischer T, Lachenmayer A, 
Maurer MH. CT-guided navigated 
microwave ablation (MWA) of an 
unfavorable located breast cancer 
metastasis in liver segment I. Radiol 
Case Reports. 2019;14(2):146-
150. Available from: https://www.
sciencedirect.com/science/article/pii/
S1930043318301109?via%3Dihub [cited 
August 13, 2019]

167

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

[33] Leung U, Kuk D, D’Angelica MI, 
Kingham TP, Allen PJ, Dematteo RP, 
et al. Long-term outcomes following 
microwave ablation for liver 
malignancies. The British Journal of 
Surgery. 2015;102(1):85-91. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/25296639 [cited August 19, 
2019]

[34] Mulier S, Jiang Y, Jamart J, 
Wang C, Feng Y, Marchal G, et al. 
Bipolar radiofrequency ablation with 
2 × 2 electrodes as a building block for 
matrix radiofrequency ablation: Ex vivo 
liver experiments and finite element 
method modelling. International Journal 
of Hyperthermia. 2015;31(6):649-665

[35] Amabile C, Ahmed M, Solbiati L, 
Meloni MF, Solbiati M, Cassarino S, 
et al. Microwave ablation of primary 
and secondary liver tumours: Ex vivo, 
in vivo, and clinical characterisation. 
International Journal of Hyperthermia. 
2017;33(1):34-42. Available from: 
https://www.tandfonline.com/doi/full/
10.1080/02656736.2016.1196830 [cited 
August 19, 2019]

[36] Hocquelet A, Trillaud H, Frulio N, 
Papadopoulos P, Balageas P, Salut C, 
et al. Three-dimensional measurement 
of hepatocellular carcinoma ablation 
zones and margins for predicting 
local tumor progression. Journal 
of Vascular and Interventional 
Radiology. 2016;27(7):1038-1045.
e2. Available from: https://www.
sciencedirect.com/science/article/pii/
S1051044316003821?via%3Dihub [cited 
August 19, 2019]

[37] Kaye EA, Cornelis FH, Petre EN, 
Tyagi N, Shady W, Shi W, et al. 
Volumetric 3D assessment of ablation 
zones after thermal ablation of colorectal 
liver metastases to improve prediction 
of local tumor progression. European 
Radiology. 2019;29(5):2698-2705. 
Available from: http://link.springer.
com/10.1007/s00330-018-5809-0 [cited 
August 19, 2019]

[38] Solbiati M, Muglia R, Goldberg SN, 
Ierace T, Rotilio A, Passera KM, et al. A 
novel software platform for volumetric 
assessment of ablation completeness. 
International Journal of Hyperthermia. 
2019;36(1):337-343. Available from: 
https://www.tandfonline.com/doi/full/ 
10.1080/02656736.2019.1569267 [cited 
August 19, 2019]

[39] Ben-David E, Shochat M, 
Roth I, Nissenbaum I, Sosna J, 
Goldberg SN. Evaluation of a CT-guided 
robotic system for precise percutaneous 
needle insertion. Journal of Vascular 
and Interventional Radiology. 
2018;29(10):1440-1446

[40] Hiraki T, Matsuno T, Kamegawa T, 
Komaki T, Sakurai J, Matsuura R, et al. 
Robotic insertion of various ablation 
needles under computed tomography 
guidance: Accuracy in animal 
experiments. European Journal of 
Radiology. 2018;105:162-167

[41] Hiraki T, Kamegawa T, Matsuno T, 
Komaki T, Sakurai J, Kanazawa S. 
Zerobot®: A remote-controlled robot 
for needle insertion in CT-guided 
interventional radiology developed 
at Okayama University. Acta Medica 
Okayama. 2018;72(6):539-546. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/30573907 [cited August 19, 
2019]



Liver Pathology

166

phantom study. Cardiovascular 
and Interventional Radiology. 
2013;36(6):1629-1637. Available from: 
http://link.springer.com/10.1007/
s00270-013-0635-x [cited July 7, 2016]

[23] Wallach D, Toporek G, Weber S, 
Bale R, Widmann G. Comparison of 
freehand-navigated and aiming device-
navigated targeting of liver lesions. 
International Journal of Medical 
Robotics and Computer Assisted 
Surgery. 2014;10(1):35-43. Available 
from: http://doi.wiley.com/10.1002/
rcs.1505 [cited August 13, 2019]

[24] Beyer LP, Pregler B, 
Niessen C, Dollinger M, 
Graf BM, Müller M, et al. Robot-assisted 
microwave thermoablation of liver 
tumors: A single-center experience. 
International Journal of Computer 
Assisted Radiology and Surgery. 
2016;11(2):253-259

[25] Engstrand J, Toporek G, 
Harbut P, Jonas E, Nilsson H, 
Freedman J. Stereotactic CT-guided 
percutaneous microwave ablation 
of liver tumors with the use of high-
frequency jet ventilation: An accuracy 
and procedural safety study. The 
American Journal of Roentgenology. 
Jan 2017;208(1):193-200. [Internet] 
Available from: http://www.ajronline.
org/doi/10.2214/AJR.15.15803

[26] Ruiter SJS, Heerink WJ, de 
Jong KP. Liver microwave ablation: 
A systematic review of various FDA-
approved systems. European Radiology. 
Springer. 2019;29:4026-4035. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/30506218 [cited August 15, 
2019]

[27] Heerink WJ, Solouki AM, 
Vliegenthart R, Ruiter SJS, Sieders E, 
Oudkerk M, et al. The relationship 
between applied energy and 
ablation zone volume in patients 
with hepatocellular carcinoma and 
colorectal liver metastasis. European 

Radiology. 2018;28(8):3228-3236. 
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/29536242 [cited June 
6, 2019]

[28] Wang X, Sofocleous CT, Erinjeri JP, 
Petre EN, Gonen M, Do KG, et al. 
Margin size is an independent predictor 
of local tumor progression after ablation 
of colon cancer liver metastases. 
Cardiovascular and Interventional 
Radiology. 2013;36(1):166-175. 
Available from: http://link.springer.
com/10.1007/s00270-012-0377-1 [cited 
August 10, 2019]

[29] Beyer LP, Pregler B, Nießen C, 
Schicho A, Haimerl M, Jung EM, et al. 
Stereotactically-navigated percutaneous 
irreversible electroporation (IRE) 
compared to conventional IRE: 
A prospective trial. Peer Journal. 
2016;4:e2277. Available from: 
http://www.ncbi.nlm.nih.gov/
pubmed/27602266 [cited June 9, 2017]

[30] Tinguely P, Frehner L, 
Lachenmayer A, Banz V, Weber S, 
Candinas D, et al. Stereotactic image-
guided microwave ablation for malignant 
liver tumors—A multivariable accuracy 
and efficacy analysis (In review)

[31] Lachenmayer A, Tinguely P, 
Maurer M, Frehner L, Knöpfli M, 
Peterhans M, et al. Stereotactic Image-
Guided Microwave Ablation of 
Hepatocellular Carcinoma using a 
computer-assisted navigation system. 
Liver International. 2019:liv.14187. 
Available from: https://onlinelibrary.
wiley.com/doi/abs/10.1111/liv.14187

[32] Fischer T, Lachenmayer A, 
Maurer MH. CT-guided navigated 
microwave ablation (MWA) of an 
unfavorable located breast cancer 
metastasis in liver segment I. Radiol 
Case Reports. 2019;14(2):146-
150. Available from: https://www.
sciencedirect.com/science/article/pii/
S1930043318301109?via%3Dihub [cited 
August 13, 2019]

167

Stereotactic Image-Guidance for Ablation of Malignant Liver Tumors
DOI: http://dx.doi.org/10.5772/intechopen.89722

[33] Leung U, Kuk D, D’Angelica MI, 
Kingham TP, Allen PJ, Dematteo RP, 
et al. Long-term outcomes following 
microwave ablation for liver 
malignancies. The British Journal of 
Surgery. 2015;102(1):85-91. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/25296639 [cited August 19, 
2019]

[34] Mulier S, Jiang Y, Jamart J, 
Wang C, Feng Y, Marchal G, et al. 
Bipolar radiofrequency ablation with 
2 × 2 electrodes as a building block for 
matrix radiofrequency ablation: Ex vivo 
liver experiments and finite element 
method modelling. International Journal 
of Hyperthermia. 2015;31(6):649-665

[35] Amabile C, Ahmed M, Solbiati L, 
Meloni MF, Solbiati M, Cassarino S, 
et al. Microwave ablation of primary 
and secondary liver tumours: Ex vivo, 
in vivo, and clinical characterisation. 
International Journal of Hyperthermia. 
2017;33(1):34-42. Available from: 
https://www.tandfonline.com/doi/full/
10.1080/02656736.2016.1196830 [cited 
August 19, 2019]

[36] Hocquelet A, Trillaud H, Frulio N, 
Papadopoulos P, Balageas P, Salut C, 
et al. Three-dimensional measurement 
of hepatocellular carcinoma ablation 
zones and margins for predicting 
local tumor progression. Journal 
of Vascular and Interventional 
Radiology. 2016;27(7):1038-1045.
e2. Available from: https://www.
sciencedirect.com/science/article/pii/
S1051044316003821?via%3Dihub [cited 
August 19, 2019]

[37] Kaye EA, Cornelis FH, Petre EN, 
Tyagi N, Shady W, Shi W, et al. 
Volumetric 3D assessment of ablation 
zones after thermal ablation of colorectal 
liver metastases to improve prediction 
of local tumor progression. European 
Radiology. 2019;29(5):2698-2705. 
Available from: http://link.springer.
com/10.1007/s00330-018-5809-0 [cited 
August 19, 2019]

[38] Solbiati M, Muglia R, Goldberg SN, 
Ierace T, Rotilio A, Passera KM, et al. A 
novel software platform for volumetric 
assessment of ablation completeness. 
International Journal of Hyperthermia. 
2019;36(1):337-343. Available from: 
https://www.tandfonline.com/doi/full/ 
10.1080/02656736.2019.1569267 [cited 
August 19, 2019]

[39] Ben-David E, Shochat M, 
Roth I, Nissenbaum I, Sosna J, 
Goldberg SN. Evaluation of a CT-guided 
robotic system for precise percutaneous 
needle insertion. Journal of Vascular 
and Interventional Radiology. 
2018;29(10):1440-1446

[40] Hiraki T, Matsuno T, Kamegawa T, 
Komaki T, Sakurai J, Matsuura R, et al. 
Robotic insertion of various ablation 
needles under computed tomography 
guidance: Accuracy in animal 
experiments. European Journal of 
Radiology. 2018;105:162-167

[41] Hiraki T, Kamegawa T, Matsuno T, 
Komaki T, Sakurai J, Kanazawa S. 
Zerobot®: A remote-controlled robot 
for needle insertion in CT-guided 
interventional radiology developed 
at Okayama University. Acta Medica 
Okayama. 2018;72(6):539-546. Available 
from: http://www.ncbi.nlm.nih.gov/
pubmed/30573907 [cited August 19, 
2019]



Chapter 9

Hepatitis E: Disease in Humans
Adriana Turculeanu

Abstract

Hepatitis E virus (HEV) is one of the 7 viruses with mainly hepatic tropism. HEV
determines 20 million new infections worldwide every year, 3.4 million acute
hepatitis E and 44,000 deaths in 2015 (3.3% of the mortality due to viral hepatitis).
Transmitted by the digestive tract mainly (fecal- orally, particularly by water
infected with feces), the virus reaches the liver where it does not have a direct
cytolytic effect, but immunological phenomena, especially cellular, activated by the
replication of the virus in the hepatocytes. Clinically, over 95% of cases of HEV
infection are asymptomatic and sel- limiting; in immunocompetent patients in
tropics HEV can cause acute hepatitis with clinical features. On rare situations the
infection can result in a severe, fulminant hepatitis with acute liver failure. In
immunocompromised patients (organ transplant recipients, hematologic malignan-
cies, HIV-infected) HEV may determine chronic hepatitis. In pregnant women or
the elderly people or people with underlying liver disease HEV can cause fulminant
forms which can become fatal (E.g.: 30% deaths among pregnant women in some
parts of the world). Acute and chronic E hepatitis may be accompanied by extrahe-
patic manifestations: neurological, kidney, pancreatic, hematological diseases,
autoimmune diseases with a pathogenesis not fully elucidated.

Keywords: hepatitis E virus (HEV), acute hepatitis, acute liver failure (ALF),
acute-on-chronic liver failure (ACLF), cellular immunity, pregnant women,
extrahepatic manifestations

1. Introduction

Hepatitis E virus (HEV) infection is a global public health problem. The World
Health Organization (WHO) estimates that there are about 20 million HEV infec-
tions worldwide per year with a 3.3 million symptomatic cases E and approximately
44,000 deaths in 2015 [1].

HEV infection is a disease transmitted by enterically mainly in worldwide,
special in the tropical countries. The source for infection is represented by zoonotic
HEV - pigs, wild boar, deer camels (Genotype 7- GT 7) [2]. Transmission can be
done through: direct contact with HEV infected animals, through heat processed
meat incorrectly or through water of lagoons, streams and rivers polluted with the
feces of sick animals. As such, other marine filter animals can become infected and
transmit the disease (E.g. mollusks and seafood) or fruits and vegetables irrigated
with infected fecaloid water. Organ transplantation in industrialized countries and
blood products represent other ways of contamination for humans [2]. The virus
can also be vertically transmitted from infected mother to fetus [3].

Hepatitis E occurs most commonly in adult men and with a lower prevalence in
children [4].
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In terms of clinical manifestations most infections caused by HEV in immuno-
competent persons are asymptomatic (over 95%) and self-limiting; acute liver
failure is rare [5]. In immunocompromised patients (solid organ transplant recipi-
ents, the patients with pre-existent chronic liver diseases, HIV infected patients,
hematologycal diseases) HEV can cause chronic hepatitis, which may have an
unfavorable evolution to acute fulminant hepatitis with to acute liver failure (ALF)
or to cirrhosis [6]. In pregnant women, acute hepatitis can be benign or sever [7];
sever forms may occur during the third trimester with severe damage to the mother
and fetus and their death (around 30% in India) [7, 8].

Extra-hepatic manifestations can also occur in patients with acute or chronic
HEV infection such as neurological abnormalities (Guillain–Barre syndrome- GBS,
neuralgic amyotrophy- NA, encephalitis and myelitis), acute pancreatitis, hemato-
logical disorders, kidney failure [9].

The pathogenesis of HEV infection is very complex and still unexplained. It
involves the intervention of two categories of factors: the host organism and HEV.
The host organism tries to stop the infection caused by HEV, and HEV tries to
overcome the opposite barriers by the human body. This fight results in various
clinical pictures of HEV infection.

There is a genetic predisposition of the human body to HEV infection, an
increased susceptibility to this virus, to which is added the innate immunity and the
adaptive response of the human body [7]. However, HEV uses different means to
escape the defense of the human body, especially the genetic variation that leads to
the appearance of genotypes, subgenotypes and quasi-species of HEV or a recom-
binant variants HEV-host cell with a different pathogenicity [2, 7], in general severe
pathogenicity. HEV is not cytopathic in the liver, but it activates immune means,
especially cellular immunity in determining liver damage.

One particular aspect is related to the pathogenicity of HEV in pregnancy when
HEV infection can become fatal. In this situation there is a constellation of factors
(immune, hormonal, viral, fetal) that can lead to severe clinical forms of hepatitis E
with the death of the mother and fetus [10].

2. Clinical features- the main clinical manifestations of HEV infection

2.1 Acute hepatitis E in immunocompetent people

In developing countries most infections caused by HEV in immunocompetent
persons are asymptomatic (over 95%) [6] and lead to spontaneous clearance of the
virus [11] and acute liver failure is rare [5].

Clinically, manifest forms are found in only 5% of cases, especially in men aged
15–30 years as E acute hepatitis. These forms have an incubation period of 2–
8 weeks (median 30 days) [12].

Clinical onset is characterized by non-specific symptoms: fever, nausea, vomiting,
abdominal pain, anorexia, malaise and hepatomegaly; jaundice occurs only in 60% of
cases accompanied by itching and light-colored stool and darkened urine [12].

The laboratory shows: increase in ALT (alanine aminotransferase), AST (aspartate
aminotransferase) values (ALT is greater than AST), frequently accompanied by
altered bilirubin, alkaline phosphatase and gamma-glutamyl transferase (GGT) [10].

E Acute Hepatitis is self-limiting illness, with full resolution of symptoms within
weeks (usually) to months (less commonly) of onset. Viremia usually peaks during
the early symptomatic phase and becomes undetectable about two weeks thereaf-
ter; excretion of the virus in the feces remains 2–3 weeks longer [10]. Progression of
acute HEV infection to fulminant liver failure (FLF) remains rare and in the
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literature there are only 2 examples of HEV induced acute fulminant failure requir-
ing emergency transplantation [13].

This clinical manifestations are especially present in the Tropics where HEV-
infections are endemic or epidemic (e.g. Asia and Africa-Western Africa, Latin
America- as Mexico) and contaminated water and reduced hygienic conditions
represents the source for fecal- orally transmission.

In developed countries, patients infected with HEV are usually middle-aged or
elderly men (>55 years). In developed countries, in immunocompetent persons
HEV infections is less severe. Severe HEV infections were not described in pregnant
women. Severe forms can be found in these countries, in rare situations, in immu-
nocompromised patients such as the elderly people or patients with chronic liver
disease of other etiology, in whom HEV can cause acute liver failure [11].

2.2 Acute hepatitis E in chronic liver diseases patients

Acute hepatitis E is a concern in patients with underlying chronic liver disease.
This is a particular problem in elderly patients where acute hepatitis may take a
more severe course [2]. In patients with chronic liver disease, acute HEV infection
causes a rapid deterioration of liver function (acute-on-chronic liver failure-ACLF)
with the appearance of complications such as: ascites, hepatic encephalopathy and/
or hepatic coagulopathy, which can lead to death (up to 70% of cases) [13].

2.3 Acute hepatitis E in pregnancy

In pregnant women, acute hepatitis with HEV etiology may have various clinical
aspects. The clinical features of E acute hepatitis depend on several factors.

One of these factors is the geographical area in which the pregnant woman lives.
So, HEV infection in pregnant women may be present with a higher or lower
incidence and may be benign or severe, accompanied by an increased mortality rate
or not. Example: in Northern India where HEV infection is endemic, HEV infection
in pregnant women has a high incidence (representing 60% of viral hepatitis) and
clinically is severe, evolving in 55% of cases with fulminant liver failure (FLF) that
can leads to a maternal mortality of 41% [14]; in Egypt, another country where
HEV infection is endemic, the incidence of HEV infection in pregnant women is
lower and severe forms are rarely, although Egypt is part of the category of HEV
endemic countries, compared to Northern India [14].

Another factor that influences the incidence and clinical appearance of HEV
infection in pregnant women is the level of sanitation in that area, so there is a
difference in the incidence and clinical feature of the disease in developed countries
compared to the tropical region where the level of hygiene it is reduced and favors
the fecal-oral transmission (especially water contaminated with feces) of HEV to
pregnant women [14].

Other factors that may influence the clinical manifestation in pregnant women are:

• exposure to HEV infection, especially in early childhood, which leads to a
protective immune fund, producing long-lasting immunity and/or modify
subsequent responses to exposure to the virus; so the incidence of HEV
infection may be lower and the severity of the disease rare [3, 15];

• different virulence of infectious HEV strains. E.g. HEV genotype(s) in Egypt
could be less virulent than those in Asia [14];

• the pregnancy status, that means hormonal factors specially [8]
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Conclusion: the clinical features of HEV infection of pregnant women can be
benign or severe, with fulminant hepatic insufficiency that can lead to death,
depend on a constellation of factors related to: the host (hormonal factors, immune
status, nutritional, genetic status, infectious history), the infectious viral strain and
external factors (e.g.: the hygienic-sanitary level, the prevalence of HEV infection in
the respective area/country).

The mortality rate in pregnant women can be as high as 30% and usually occurs
in the 3rd trimester [3] by obstetric complications such as hemorrhage or eclampsia,
fulminant liver failure, premature delivery, low-birth-weight neonates and still-
births, as well as the vertical transmission to infants, which leads to increased
neonatal morbidity and mortality [10, 16]. HEV infection during pregnancy is also
associated with more frequent miscarriages, preterm deliveries and perinatal
mortality [7].

2.4 Acute and chronic HEV infectious in immunocompromised hosts

In immunocompromised patients, including solid organ transplant (SOT) [17]
and those coinfected with the human immunodeficiency virus (HIV) with a
T CD4+ count <200/mm3 [7], patients with hematological disease receiving
chemotherapy, those given stem cell transplants or patients with rheumatic
disorders with heavy immunosuppression secondary the immunotherapy [7], HEV
can determines acute or chronic hepatitis.

Acute HEV in immunocompromised patients generally presents asymptomati-
cally [17]; in the case of clinical manifestation the symptoms are non-specific as
well: jaundice, fatigue, diarrhea and myalgia [11].

Chronic hepatitis HEV infection in immunocompromised patients defined as
HEV replication that persists for more than 3 months [18], can progress rapidly to
cirrhosis in 10% of the chronically infected patients [7, 19]. Some of these patients
may die from decompensated cirrhosis 2–3 years after 1the diagnosis [7].
HEV-infected transplant recipients did not develop fulminant forms [20].

The incubation period for the virus in the context of immunosuppression is
longer than seen in immunocompetent hosts at 60days, with chronicity itself being
defined by viral persistence after the acute phase for either 3 or 6months [21].
Chronic HEV infection in immunocompromised patients is almost exclusively sec-
ondary to HEV G3 infection; one case of chronic HEV G4 infection has been noted
but none due to HEV G1 or G2 [21].

2.5 Extra-hepatic manifestations

Extra-hepatic manifestations can also occur in patients with acute or chronic HEV
infection such as neurological (Guillain–Barré syndrome; GBS), neuralgic
amyotrophy and meningoencephalitis, myositis, Bell’s palsy, vestibular neuritis and
peripheral neuropathy), acute pancreatitis, hematological disorders (aplastic anemia,
hemolytic anemia, cryoglobulinemia, thrombocytopenia, monoclonal immunoglobu-
lin), kidney failure and others (myocarditis, autoimmune thyroiditis, arthritis) [2].

3. Pathogenesis

The pathogenesis of hepatitis E is complex and still to be studied. Infection in
humans with HEV is the result of 2 categories of factors: viral factors and factors
related to the host organism.
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3.1 Viral factors

HEV enters the human body through the digestive tract, especially fecal-oral.
The intestine is the first site where HEV suffers the replication [22] or lymph nodes
or colon [6] via the blood as a quasi-enveloped particle and reaches the liver for
which it manifests a high tropism where it replicates, especially in the hepatocytes,
without being directly cytotoxic, but with the initiation of immune phenomena,
especially on the cell line by activating cytotoxic T lymphocytes and natural killer
(NK) cells, that causes necro-inflammatory liver damages [23]. After replication in
the hepatocyte cytoplasm, the virus is eliminated in the bile (at the apical mem-
brane) [23, 24] and blood; most HEV particles are released at the apical membrane,
then bile salts strip the lipids from the virus shed in the stool.

In the liver, the virus must enter the hepatocyte into which it will be replicated.
In this process, the first stage of attaching the virus to the surface of the hepatocytes
is extremely important in the viral development cycle replication, so as to HEV
infection can be initiated or not. The attachment of the virus to the surface of the
hepatocytes is achieved by fixing it at certain receptors from the surface of the
hepatocytes resulting in viral inoculum.

3.1.1 The attachment of viral particles to the surface of the hepatocytes is different,
depending on the morphology of the viral particles

HEV was discovered in 1983 by Dr. Mikhail Balayan who described the HEV
particle as non-enveloped in the feces, with icosahedral symmetry, 27–30 nm, with
spikes on the surface [6]. But in infected people, viral particles were also found in
the blood. Under the electron microscope these particles appear enveloped, the
capsid encased in limiting host-derived membranes; these particles have been called
„quasienveloped” forms or „eHEV” [6, 7]. So, there are 2 categories of viral parti-
cles: enveloped and non-enveloped (naked). Each of them uses a specific means of
attachment to the host cell. This is a very important step for HEV pathogenesis
because the rate of attachment and penetration of the virus into hepatocytes influ-
ences the value of the viral inoculum, one of the viral pathogenic factors.

3.1.1.1 Attachment of non-enveloped particles

The receptor for HEV is unknown. However, the host cell provides a number
of factors that can be used as receptors for the non-enveloped (naked) viral
particles, so:

Heparan Sulfate Proteoglycans (HSGPs) - are glycans present on the cell
surface that are involved in cell attachment of many nonenveloped and enveloped
viruses. HSGPs, particularly syndecans, play a role in the binding of HEV VLPs to
human hepatoma cells [25].

Glucose-Regulated Protein 78 (GRP78)- is a molecular chaperone in the ER,
implicated in the attachment and entry of both enveloped and nonenveloped
viruses [26].

Asialoglycoprotein Receptor (ASGPR)- is a protein receptor present on the
basolateral membrane of hepatocytes that binds glycoproteins that lack sialic acid
modifications. Experimentally, through different techniques, a direct interaction
between the ectodomain of both ASGR1 and ASGR2 and HEV ORF2 was
highlighted [27].

ATP Synthase Subunit 5β (ATP5B)- is largely a mitochondrial protein, but a
small fraction is expressed on the cell surface and is implicated in other viral
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infections [28]. Experimentally, the link between ATP5B and viral proteins p239
VLP has been demonstrated [28].

Integrin Alpha 3 (ITGA3)- a new HEV entry factor into the cell:
overexpression of α3 integrin in nonpermissive cells made the cells permissive to
HEV, while removal of α3 integrin in permitted cells abrogated permissiveness [29].

Conclusion: for non-enveloped (naked) viral particles, the range of receptors
offered by the host cell is large, as such there is the possibility of making a high
value viral inoculum that can cause even severe clinical manifestations.

3.1.1.2 Attachment of „quasienveloped” particles or “eHEV”

Quasi-coated HEV particles do not have viral proteins on the surface of their
envelope, so, they must use different attachment factors and/or cellular receptors to
initiate entry into the host cell. Thus, these qvasiparticles use for attachment to the
host cell, as in the case of exosomes, the phosphatidylserine present at their outer
membrane to bind at the TIM-1 receptor. However, this attachment to the surface
of the host cell is less efficient than in the case of non-enveloped particles, which led
to the theory that other unidentified substances present on the surface of non-
enveloped particles participate in attaching of these particles to the host cell surface
and make it inefficient [29]. On the other hand, this less efficient connection of this
type of particles to the surface of the hepatocytes would explain their presence in
the blood and could facilitate its penetration of immunologically privileged sites
such as the central nervous system and other tissues and causes extrahepatic man-
ifestations [30].

Similar to naked particles, eHEV enters hepatocytes mainly through the clathrin-
and dynamin-dependent pathway [30, 31] or use a particular pathway that involves
in degradation of the lipid membrane in the lysosome [30].

Conclusion: non-enveloped viral particles bind much more efficiently to the
surface of hepatocytes, compared with eHEV; this aspect influences the clinical
manifestations of the disease: the non-enveloped particles are located mainly in the
liver and usually cause liver damages, while the eHEV cause especially extrahepatic
manifestations.

3.1.2 Viral genetic variability- another pathogenic factor

So far, 8 HEV genotypes are known [8] with different hosts, including humans,
and a certain geographical spread. Genotypes 1–4 and 7 are present in humans;
genotype 1 (HEV-1) is predominant in Asia and Africa, HEV-2 in Mexico and parts
of Africa, HEV-3 circulates among human, swine, rabbit and deer and has a world-
wide distribution, HEV-4, mostly present in Southeast Asia, circulates between
human and swine; HEV-5 and HEV-6, phylogenetically close to HEV-4, were iden-
tified in Japanese wild boars [31]; HEV-7 and the last, HEV-8 were identified as
camel genotypes in the Middle East [32]; HEV-7 was implicated in chronic HEV
infection in a liver transplant recipient consuming camel milk and meat [31], which
suggests the possible transmission of this genotype to human and the possibility to
affecting human health [23].

3.1.2.1 The correlation clinical features - viral genotypes

There is a close correlation between the clinical features caused by HEV and the
viral genotypes, which demonstrates a different pathogenicity of HEV. So:

In case of acute hepatitis in immunocompetent hosts - genotypes G1 and G2
from tropical countries and endemic areas determine more aggressive forms of
acute hepatitis [12] with clinical manifestations and changes in biochemical
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parameters [2], compared to genotypes G3 and G4 [12]. The evolution of acute HEV
infection to fulminant liver failure remains rare and there are only two examples in
the literature of HEV acute fulminant liver failure that required emergency trans-
plantation [11, 33].

In case of acute hepatitis in pregnancy: in pregnant women, particularly in the
third trimester, HEV infection is associated with devastating maternal and fetal
outcomes [21]. In this context, acute hepatitis with HEV is associated with the G1
genotype [11].

In case of immunocompromised hosts (SOT patients, HIV-infected patients or
patients with chronic granulomatous diseases or connective tissue disorders like
SLE or patients with hematological diseases receiving chemotherapy, those given
stem cell transplants or patients with rheumatic disorders on heavy immunosup-
pression immunotherapy [7, 20, 34]: the incubation period for the virus in the
context of immunosuppression is longer than seen in immunocompetent hosts at 60
days, with chronicity itself being defined by viral persistence after the acute phase
for either 3 or 6months [21]; they are not able to spontaneously clear the virus and
as early as 12months after HEV infection can involve significant hepatic fibrosis
[35]. The genotype associated with these pathological conditions is HEV G3 [21].

In patients with pre-existing chronic liver diseases: HEV infection may exacer-
bate chronic liver failure (ACFL). The HEV genotype involved is G3 in Europe and
G1 and G2 in China and India where the mortality rate can reach 67%, with an
average of 34% [13].

In case of extrahepatic manifestations: acute pancreatitis is associated with HEV
G1; kidney injury (membranous glomerulonephritis, membranoproliferative glo-
merulonephritis and even relapses of IgA nephropathy) is associated with HEV G3
[36]. A possible mechanism for these renal dysfunction in HEV infected patients is
through the development of cryoglobulinaemia [36].

3.1.2.2 HEV quasispecies and pathogenicity

HEV may also present numerous quasispecies with different pathogenicity,
in general more aggressive. These quasi-HEV species can be the consequence of:

• a high heterogeneity ORF1 and ORF 2 during the acute phase of the infection;
these HEV quasi-species are associated with HEV persistence [6], so with a
predisposition to chronicity;

• a high heterogeneity of the M domain at the viral capsid, a domain that
contains epitopes for T cells, expressed by a low value of the Ka/Ks ratio (an
indirect indicator of the selection pressure on a quasispecies) in patients with
chronic HEV infection who are not able to achieve spontaneous HEV clearance
[6] which means viral persistence and a tendency to chronicity;

• the heterogeneity of the P domain at the viral capsid that determines the
progression to liver fibrosis in patients with chronic hepatitis E. Nearly 10% of
SOT patients with HEV develop cirrhosis within 3–5 years following the
primary infection [6].

3.1.2.3 The recombinant HEV-host variants

The recombinant HEV-host variants with replicative advantage in vitro [6, 37]
in chronically infected patients. These HEV variants presented fragments of human
genes (ribosomal genes S17 or S19, inter alpha trypsin inhibitor) in the PPR regions
and duplications and insertions of the HEV genome [6].
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3.2 The host organism

The human host can influence the pathogenicity of HEV and secondarily the
clinical manifestations [6] by:

3.2.1 The presence of Apolipoprotein E (ApoE)

The presence of Apolipoprotein E (ApoE) considered a protective factor of the
human body against HEV pathogenicity. ApoE is a plasma lipid transporter, but can
also be found associated with lipids in the structure of cell membranes. In HEV
infection, its intense activity was highlighted, suggesting its intervention in the
pathogenesis of HEV infection [6]. An argument in this regard: the protection
against HEV by ApoE highlighted in American non-Hispanic blacks by certain
isoforms of ApoE (ApoE ε3 and ε4) [38]. The protection by ApoE against HEV
action would be achieved by: blocking the attachment of HEV to the surface of the
host cell by competition with the heparan-sulfate receptor, modulation of the entry
of HEV particles in the host cell, given its presence in the membrane associated with
eHEV particles in the blood, modulation of the anti-HEV immune response by
regulating T lymphocytes activation and proliferation [6].

3.2.2 Genetic polymorphism in the promoter regions

Genetic polymorphism in the promoter regions for tumor necrosis factor alpha
(TNF-α) and interferon gamma (IFN-γ) in HEV infection that stimulates their syn-
thesis, leading to severe clinical manifestations [39]. E.g.: a (G/A) polymorphism in
308 position of the promotor region of TNF-αwill increase TNF production 7 times;
a single nucleotide polymorphisms in the promotor IFN-γ (IFN-γ +874 T/A) will
associate with a higher IFN-γ production and with symptomatic cases [39].

3.2.3 Innate immune response of the host

The synthesis of different types of IFN (interferon alpha, IFN beta) can influence
the pathogenicity of HEV. HEV is more susceptible to IFN action, but has developed
means of resistance to its action. There are experimental studies in animals (chimpan-
zees) that have demonstrated the role of interferon alpha (IFN-α) in the pathogenesis of
hepatitis E, HEV being more susceptible than HCV to the innate immunity induced by
IFN-α [40]. Studies in human cell cultures (human lung epithelial cells A549 [40] and
Huh7 hepatocellular carcinoma cells [41]) have shown that HEV through the ORF3
region can inhibit IFN-induced phosphorylation of signal transducer and activator of
transcription STAT1; the result is decreased synthesis of 2 key antiviral proteins:
dsRNA-activated protein kinase and 20,50-oligoadenylate synthetase. Other authors [41]
using other cell lines have shown that HEV by ORF3 protein enhanced type I IFN
production by interacting directly with the pattern recognition receptor (PRR) retinoic
acid-inducible gene I (RIG-I) [41]. In the same cell line was demonstrated the inter-
vention of another HEV protein, namely ORF1 with inhibitory effect on the signaling
and secretory pathway for IFN beta (IFN-β) by de-ubiquitination of RIG-I and tank
binding kinase (TBK) [42]. So, gene suppression of key component of the Janus kinase
(JAK)-STAT cascade of the IFN signaling, including JAK1, STAT1, and interferon
regulatory factor (IRF) 9 stimulates replication of HEV [41].

An increased production of proinflammatory cytokines such as IL-6, IL-8,
TNF-α and RANTES (regulated on activation, normal T cell expressed and
secreted), as well as the activation of both nuclear factor kappa-light-chain-
enhancer of B cells (NF-κB) and IFN regulatory factor 3 (IRF3), two transcription
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factors activated in innate immune signaling pathways [42] in vitro, using HEV-
infected A549 cell line.

NK and natural killer T (NKT) cells could also play a major role in the innate
immune response to HEV [6]. Natural killer (NK) and natural killer T (NKT) cells
constitute a major fractions of the lymphocytes in the liver, where they are important
for the pathogenesis of viral hepatitis. In the peripheral blood of acute infected
patients is present a higher proportion of CD4+ cells than in uninfected controls [43].
This increase in CD4+ cells is not associated with an expansion of HEV ORF2-specific
CD4+ CD69+ cells producing helper T cell type 1 (IFN-γ and TNF-α) T cytokines or
helper T cell type 2 (IL-4) cytokines [43]. The expansion of CD4+ cells could reflect
an increase in NKT cells, which can be either CD3+ CD4+ or CD3+ CD4� CD8� [43].
In acute hepatitis E the proportion and activation status of NK and NKT cells among
PBMCs varies reversibly; there is generally a low proportion of NK (CD3�/CD56+)
and NKT cells (CD3+/CD56+) in the periphery, but an excessive accumulation of
them in the liver [43]. This aspect was supported by immunohistochemical liver
biopsies obtained from patients infected with HEV with acute hepatic failure [44].

3.2.4 Adaptive response of the host

Humoral Immune Response
HEV elicits the appearance of IgM and IgG antibodies,. IgM anti- HEV appear in

the early stages of the disease and may persist for several months (usually no longer
than three to four months). IgG anti- HEV appear shortly after the appearance of
IgM and may persist for several years with increasing antibody avidity over time
[2]. Anti-HEV IgG antibodies are of the neutralizing type, directed against the
neutralizing epitopes of the HEV capsid protein and are protective [45]. These
antibodies can also occur after vaccination and confers protection against hepatitis
E infection for up to 4.5 years [45] special in the China, although the minimum
protective concentration of antibodies has not been determined. WHO suggests that
an antibody concentration of 2.5 units of the WHO/ml postvacciunation is protec-
tive [45]. But in solid organ transplant recipients, HEV reinfection has been
described at an IgG concentration below 7 WHO units/mL [46].

Cellular Immune Response
In acute HEV infection effector T cells are activated with CD8+ increased espe-

cially in the liver [44] and high proportions of PBMCs producing IFN-γ (after
stimulation with recombinant ORF2 or ORF3 HEV proteins) [44].

An increased expression of CD11a integrin in naïve CD45RA+ T cells, as well as
overexpression of CCR5 and CCR9, two chemokine receptors that play important
roles in cell trafficking and homing, was also reported in peripheral blood of acutely
infected patients. The expanded CD45RA+ CD11a high subpopulations present
during the early phase of acute infection suggests the recruitment of these cells
from the periphery to the liver, thus contributing to the pathogenesis of the infec-
tion [7]. This suggests that the immunosuppressive immune response is involved in
the acute phase of the infection, but its exact role remains to be clarified.

General conclusion: the human body can modulate HEV infection using differ-
ent resources (Table 1).

3.3 Specific/particular aspects of pathogenicity in HEV infection

3.3.1 Pathogenesis of fulminant hepatitis E

Fulminant hepatitis with HEV etiology may be present in patients with hepatic
chronic diseases and in pregnant women.
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3.2 The host organism
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secreted), as well as the activation of both nuclear factor kappa-light-chain-
enhancer of B cells (NF-κB) and IFN regulatory factor 3 (IRF3), two transcription

176

Liver Pathology

factors activated in innate immune signaling pathways [42] in vitro, using HEV-
infected A549 cell line.
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General conclusion: the human body can modulate HEV infection using differ-
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Pathogenic Mechanisms Changes present in HEV infection

HEV Attachment of
viral particles to
the surface of the
host cell

Naked- HEV particles
Quasienveloped HEV particles
(„eHEV”)

Inoculum value: the increased
inoculum correlates with the
severity of the infection

Viral genetic
variability:

• Genotypes GT1–8 (HEV1–8) • In immunocompetent hosts -
genotypes G1 and G2

• In pregnancy: G1 genotype
• In immunocompromised hosts: G3
genotype

• In patients with pre-existing
chronic liver diseases: G3 in
Europe and G1 and G2 in China
and India

• Acute pancreatitis is associated
with HEV G1
kidney injury: G3 genotype

• Subtypes — —

• Quasispecies — • A high heterogeneity ORF1 and
ORF 2

• A high heterogeneity of the M
domain at the viral capsid,

• The weaker heterogeneity of the P
domain at the viral capsid

The recombinant
HEV-host variants

— The replicative advantage

The rhythm of
viral replication

— Increased viral replication

HOST Genetic
susceptibility
factors

Apolipoprotein E Intense activity

Genetic polymorphism in the
promoter regions for tumor
necrosis factor alpha (TNF-α) and
interferon gamma (IFN-γ)

• G/A polymorphism in 308 position
of the promotor region of TNF-α

• the polymorphism in the promotor
IFN-γ (IFN-γ +874 T/A)

Surface receivers provided for
attachment of HEV

HSGPs, GRP78, ASGPR, ATP5B,
ITGA3 for naked- HEV

Innate Immune
Response of the
Host

The synthesis of different types of
IFN(IFN alpha, IFN beta)

HEV through ORF3 region can
inhibit IFN-induced
phosphorylation of signal
transducer and activator of
transcription STAT1

The proinflammatory cytokines:
IL-6, IL-8, TNF-α and RANTES

• An increased production of
proinflammatory cytokines: IL-6,
IL-8, TNF-α and RANTES

• activation of both nuclear factor
kappa-light-chain-enhancer of B
cells (NF-κB) and IFN regulatory
factor 3 (IRF3)

NK and natural killer T (NKT) cells Low proportion of NK (CD3�/
CD56+) and NKT cells (CD3+/
CD56+) in the periphery, but an
excessive accumulation of them in
the liver
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3.3.1.1 Fulminant hepatitis E in the general population

The pathogenesis of the fulminant liver failure (FHF) with HEV is unclear, but
there are a number of issues related to HEV and the host organism that can be
correlated with FLF.

It is discussed about associating FLF with the presence of IgM and IgG anti-HEV
antibodies and some researchers believe that the humoral immune response is
dominant in this fulminant forms [47], associated with increased amounts of IFN-γ,
TNF-α, IL-2, and IL-10 produced by PBMCs stimulated by ORF2 HEV. FLF is also
associated with changes in the cellular immune response anti-HEV, lower cellular
immune response, but with the very important humoral immune response anti-
HEV [47]. There is a difference between the peripheral blood and liver in FHF in
terms of cellular immunity, so, in the periphery, the cellular immunity was lower,
but in the liver the proportion of CD4 + and CD8 + T lymphocytes was increased
[48]. CD8 + cytotoxic lymphocytes may play an essential role in the pathogenesis of
liver injury in FHF caused by HEV [20].

On the other hand, FHF could be linked to the viral genotype and/or the
subgenotype, perhaps due to specific mutations in the polyprotein of HEV such as
F179S, A317T, T735I, L1110F, V1120I and FG1439Y in the ORF1 E polyprotein [49]
or H105R, D29N, V27A mutations in the methyltransferase region of the HEV
genome [50] or the association of FLF with HEV-4 [51]. These mutations could
correlate with increased pathogenicity of HEV strains and progression to FLF [7].

3.3.1.2 Pathogenesis of HEV infection in pregnancy

Hepatitis E has both a high incidence and severe course in pregnant women in
some geographic regions of HEV endemic countries, such as Northern India, [8]
while in other HEV endemic countries, such as Egypt, it has been shown to have a
benign course with little or no morbidity [7].

During pregnancy, especially in the third trimester, the course of acute hepatitis
caused by HEV can be towards acute fulminant hepatitis which can lead to acute liver
failure (ALF) and death. The pathogenic aspects of this evolution in pregnant women
are related to: immunity, hormonal factors and the peculiarities of the virus [7]. In the
initial period of pregnancy up to 20 weeks gestational age, all immune, hormonal
factors are oriented to the protection of the fetus during the implantation period [7].

Pathogenic Mechanisms Changes present in HEV infection

Adaptive
Response of the
Host.

Humoral Immune Response (IgM
and IgG antibodies anti- HEV)

I- gM anti- HEV appear in the early
stages of the disease and may persist
for several months (usually no
longer than three to four months).
• IgG anti- HEV appear shortly after
the appearance of IgM and may
persist for several years

Cellular Immune Response: CD4+,
CD8+, CD11a integrin in naïve
CD45RA+ T cells, CCR5, CCR9

• CD8+ increased especially in the
liver

• High proportions of PBMCs
producing IFN-γ

• An increased expression of CD11a
integrin in naïve CD45RA+ T cells,

•Overexpression of CCR5 and CCR9

Table 1.
Pathogenesis of HEV infection.
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3.3.1.1 Fulminant hepatitis E in the general population

The pathogenesis of the fulminant liver failure (FHF) with HEV is unclear, but
there are a number of issues related to HEV and the host organism that can be
correlated with FLF.

It is discussed about associating FLF with the presence of IgM and IgG anti-HEV
antibodies and some researchers believe that the humoral immune response is
dominant in this fulminant forms [47], associated with increased amounts of IFN-γ,
TNF-α, IL-2, and IL-10 produced by PBMCs stimulated by ORF2 HEV. FLF is also
associated with changes in the cellular immune response anti-HEV, lower cellular
immune response, but with the very important humoral immune response anti-
HEV [47]. There is a difference between the peripheral blood and liver in FHF in
terms of cellular immunity, so, in the periphery, the cellular immunity was lower,
but in the liver the proportion of CD4 + and CD8 + T lymphocytes was increased
[48]. CD8 + cytotoxic lymphocytes may play an essential role in the pathogenesis of
liver injury in FHF caused by HEV [20].

On the other hand, FHF could be linked to the viral genotype and/or the
subgenotype, perhaps due to specific mutations in the polyprotein of HEV such as
F179S, A317T, T735I, L1110F, V1120I and FG1439Y in the ORF1 E polyprotein [49]
or H105R, D29N, V27A mutations in the methyltransferase region of the HEV
genome [50] or the association of FLF with HEV-4 [51]. These mutations could
correlate with increased pathogenicity of HEV strains and progression to FLF [7].

3.3.1.2 Pathogenesis of HEV infection in pregnancy

Hepatitis E has both a high incidence and severe course in pregnant women in
some geographic regions of HEV endemic countries, such as Northern India, [8]
while in other HEV endemic countries, such as Egypt, it has been shown to have a
benign course with little or no morbidity [7].

During pregnancy, especially in the third trimester, the course of acute hepatitis
caused by HEV can be towards acute fulminant hepatitis which can lead to acute liver
failure (ALF) and death. The pathogenic aspects of this evolution in pregnant women
are related to: immunity, hormonal factors and the peculiarities of the virus [7]. In the
initial period of pregnancy up to 20 weeks gestational age, all immune, hormonal
factors are oriented to the protection of the fetus during the implantation period [7].
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stages of the disease and may persist
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• IgG anti- HEV appear shortly after
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Immune status in pregnancy is characterized by a constellation of factors that
lead to decreased cellular immunity that can no longer act on the fetus seen as an
allograft. The decrease of cellular immunity is achieved by changing the immune
status of the pregnant woman from the Th1 dominant state to that of “Th2 bias”, a
change initiated by the increased progesterone during pregnancy. The progesterone
stimulate the synthesis of progesterone-induced binding factor (PIBF) by lympho-
cytes [52]. High concentrations of PIBF promote differentiation of CD4+ T cells into
helper T cell type 2 (Th2) cells that secrete high concentrations of anti-
inflammatory cytokines, including IL-4, IL-5, and IL-10 which causes a decrease in
the inflammatory effect of Th1 (e.g., production of IFN-γ), both at the maternal-
fetal interface and systemically in humans [53]. These cytokines influence the
functionality of monocytes/macrophages. As such, the decrease in cellular immu-
nity protects the fetus, but it also alters the immune response mounted against
infections [54]. Th2 status has been demonstrated in pregnant women infected with
HEV and this status is likely to favor HEV replication, but its implication for the
severity of a hepatitis E infection is unknown [54].

Decreased cellular immunity can also be caused by the placenta through the
structural outer layer - the trophoblast. The trophoblast can cause a decrease in
cellular immunity through various mechanisms:

• the cells of trophoblast does not express on their surface the major
histocompatibility complex (MHC) which mediate antigen presentation; as a
result T lymphocytes cannot be activated and cannot act on the fetus [16]. But,
the NK cells, another immune cell effector, do not require MHC proteins for
their activation. As such, the trophoblast also acts on them by expressing on its
surface a special Human Leukocyte Antigen (HLA) molecule called HLA-G,
which binds to NK receptors CD 16, and CD 56 and inactivates them [54].

• the trophoblast secretes an enzyme indoldeamin 2,3-dioxigenase, the enzyme
that breaks down tryptophan, an amino acid essential for the function of T
lymphocytes; as such, cellular immunity at the placental interface is
suppressed [55].

• the placenta and trophoblast secrete cytokines, especially TGF-β, IL-4, IL-10
which inhibits cell-mediated immunity with protective effect on the fetus.
Experimental laboratory animal studies have shown low levels of IL-1β, IL-2,
IL-6, IL-10, IL-12 (p40), IL-12 (p90), IL-17, TNF-α in early pregnancy and
significantly increased in the latter part of pregnancy and postpartum [56].

Another mechanism that leads to a decrease in cellular immunity in pregnant
women is a decrease of the total T lymphocytes and TCD4 + lymphocytes, namely
in the first part of pregnancy and then an increase or normalization towards the end
of pregnancy or postpartum. This decrease in T lymphocytes and cellular immunity
in pregnancy in general, protects the fetus, but would favor viral infections gener-
ally, including HEV infection [16, 57].

To summarize, the immunological changes during pregnancy promote the
maintenance of the antigenic fetus in the maternal environment by suppression of T
cell mediated immunity. Whether this suppressed immune system translates into
increased risk of infections during pregnancy is still not clear [16].

Hormonal factors in pregnancy
Pregnancy is characterized by a hormonal storm, namely by the increase of

progesterone, estrogens and human chorionic gonadotropin (HCG) [16, 57]. Hor-
mones contribute significantly to the outcome of immune-related diseases during
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pregnancy by altering the functioning of immune cells. Hormones can have addi-
tional effects on the outcome of infection during pregnancy. Experimentally in
animals it has been shown that estrogens and progesterone acts on the thymus. So,
progesterone determines the involution of the thymus with disorders in the devel-
opment of T cells with lyTh1 inhibition and promoting lyTh2 status; this involution
of the thymus is related to the expression of progesterone receptors at the thymic
level; it can also cause the inadequate, early transition of pro-T to pre-T ly in the
process of differentiating these cells [58]. The result will be: decreased cellular
immunity of the pregnant woman.

The suppression of cellular immunity by progesterone may be correlated with
another phenomenon: the mutations in the progesterone gene (the PROGINS hap-
lotype) that will cause decreased progesterone receptor expression and
progesterone-induced blocking factor (PINF) with NK cell inhibition and suppres-
sion of cellular immunity with anti-abortive effect [58].

Estrogens causes thymus contraction with the depletion of CD4+ and CD8+ ly T,
thus the suppression of cellular immunity [59, 60]. This aspect can be correlated
with other studies that show an increased predisposition to viral infections in
certain states with high estrogens [61], especially in the third trimester of preg-
nancy, with an intensification of viral HEV replication (elevated levels of HEV
RNA) by inhibiting estrogen receptors and type I IFNs synthesis [61].

Increased progesterone and estrogens in pregnancy can affect also the B lym-
phocyte population in the bone marrow and decrease mainly pre-B and immature
(fractions B–D) bone marrow B cells of pregnant mice [16].

HCG is a chemoattractant protein secreted by the blastocyst after fertilization
[62] which mediates migration of regulatory T cells to the pregnant uterus. Regula-
tory T cells are hypothesized to orchestrate immune tolerance of the fetus during
pregnancy in mammals [62].

Steroid hormones are other hormonal markers that can influence viral replica-
tion through a mechanism similar to Cytomegalovirus that causes increased repli-
cation in pregnancy [16].

To summarize: Progesterone, estrogen, steroid hormones, HCG cause decreased
immunity, especially on the cell line, favoring the acquisition of viral infections,
including HEV.

HEV genotype
Previous studies have shown the correlation of HEV3 - pregnancy as dominant

in the case of poorer outcome of HEV infection [63]. Histopathological HEV3
determines increased apoptosis and necrosis at the maternal- fetal interface with
alterations in the architecture of the placental barrier and changes in the cytokine
microenvironment - triggers the production of pro-inflammatory cytokines like IL-
6 and chemokines [63]. HEV3 also correlates with elevated levels of pro-
inflammatory cytokines (TNF-α, IL-6, IFN-γ and TGF-β1) in peripheral blood with
„poor outcome” of HEV infection [64]. Subsequent studies have shown that the
dominant genotype is not HEV3, but HEV1. The genotype HEV1 replicates more
efficiently than HEV3 in vivo in tissue explants of decidua basalis and fetal placenta,
and also in stromal cells [63].

Other factors that may influence the evolution of hepatitis E in pregnancy
to acute liver failure are: the nutritional status of the pregnant woman
including micronutrient or folate deficiencies [65] and the differences in the
expression of MHC, molecule that can influence the immune response in pregnant
women [16].

In certain regions of the world, the pregnancy is associated with acute fulminant
E hepatitis and ALF can have an unfavorable evolution, accompanied by a very high
maternal mortality (30% - 41% in Northern India) [8, 15].
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• the cells of trophoblast does not express on their surface the major
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in the first part of pregnancy and then an increase or normalization towards the end
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ally, including HEV infection [16, 57].

To summarize, the immunological changes during pregnancy promote the
maintenance of the antigenic fetus in the maternal environment by suppression of T
cell mediated immunity. Whether this suppressed immune system translates into
increased risk of infections during pregnancy is still not clear [16].

Hormonal factors in pregnancy
Pregnancy is characterized by a hormonal storm, namely by the increase of

progesterone, estrogens and human chorionic gonadotropin (HCG) [16, 57]. Hor-
mones contribute significantly to the outcome of immune-related diseases during

180

Liver Pathology

pregnancy by altering the functioning of immune cells. Hormones can have addi-
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process of differentiating these cells [58]. The result will be: decreased cellular
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The suppression of cellular immunity by progesterone may be correlated with
another phenomenon: the mutations in the progesterone gene (the PROGINS hap-
lotype) that will cause decreased progesterone receptor expression and
progesterone-induced blocking factor (PINF) with NK cell inhibition and suppres-
sion of cellular immunity with anti-abortive effect [58].

Estrogens causes thymus contraction with the depletion of CD4+ and CD8+ ly T,
thus the suppression of cellular immunity [59, 60]. This aspect can be correlated
with other studies that show an increased predisposition to viral infections in
certain states with high estrogens [61], especially in the third trimester of preg-
nancy, with an intensification of viral HEV replication (elevated levels of HEV
RNA) by inhibiting estrogen receptors and type I IFNs synthesis [61].

Increased progesterone and estrogens in pregnancy can affect also the B lym-
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Pathogenic mechanisms involved in this high maternal mortality remains
unclear, but the factors involved in this situation are the same as in a common form
pregnancy, but in much higher quantities and with a strong effect and much more
deeply cellular immunity which favors HEV replication at a very high rate. Thus:

• Th2 “bias status”, considered a major cause of death in pregnant women with
fulminant HEV hepatitis (e.g., in Asia) [6, 16];

• higher CD8+ count and lower CD4+ count (Ly CD8 + seems to play an
important role in the pathogenesis of fulminant hepatitis in pregnancy,
being highlighted in large numbers in the liver of patients with fulminant
hepatitis E) [59];

• MHC variations of the host pregnancy that mediate antigen presentation may
explain the geographical variations in mortality in pregnant women infected
with HEV [16];

• high concentrations of cytokines (TNF-α, IL-6, IFN-γ and TGF-β1) may also be
associated with an adverse pregnancy outcome [64];

• elevated levels of estrogens, progesterone and beta -HCG can also contribute to
a poor outcome in HEV-positive pregnant women who develop FHF [57];

• a reduced expression of toll-like receptor (TLR) 3/TLR7/TLR9 of the host body
of the pregnant woman with acute liver failure, the key pattern recognition
receptor in innate immunity. The consequence will be: an inadequate innate
immune response with decreased phagocytosis capacity of macrophages/
monocytes and the possibility of appearance the severe acute liver failure in
pregnancy [66];

• genetic factors in the host- an aspect more discussed in the case of pregnant
women of Asian origin. The human genetic factor is not considered relevant in
this case. The opposite argument: if the priority intervention of this factor is
accepted in the evolution of HEV infection in pregnant women, the mortality
rate should be very high in pregnant women with HEV infection in the
endemic regions, an aspect that is not found in medical practice [67].

To these factors is added:

• steroid hormones present in increased amounts in pregnancy with
unfavorable evolution in the presence of HEV infection. These steroid
hormones may promote viral replication [16] and also has a direct inhibition on
hepatic cells, which may predispose to hepatic dysfunction/failure when
exposed to infectious pathogens [16]. Steroid hormones promote viral
replication through the immunosuppressive effect [16] and mediate
lymphocyte apoptosis by NF-kB factor [16]. NF-κB is a eukaryotic dimeric
transcription factor which has a multiple cellular effects, including liver
development and regeneration and its implications on the immune response
[16]. NF-κB, physiologically down regulated during pregnancy, also plays an
important role in sustaining the fetus during pregnancy [68]. An important
role in the development and regeneration of the liver is the p65 protein, a
component of the NF-kB factor. Experimentally, proteins p65 and p50 -
another component of NF-kB - were studied in pregnant women with severe
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hepatitis E infection. The absence of p65 protein was associated with a minimal
or even absence of HEV in mononuclear cells in peripheral blood and in liver
biopsy samples obtained post-mortem from pregnant women with fatal
evolution of HEV infection. So, the absence of p65 in the NF-kB complex
produced fulminant liver damage [68].

Conclusion: the NF-kB factor is a very important protective factor in the preg-
nant woman influencing her immune status; the modification of its structure
determines the severe immune deficiency and favors high replication of HEV.

• viral genotype. Numerous studies have highlighted the role of HEV genotype
or its subtypes in producing the severity of HEV infection in pregnant women,
leading to a high percentage of deaths in some geographical areas [16, 67].
HEV1 in developing countries is associated as the cause of elevated maternal
mortality (30%, with most deaths occurring in the third trimester) of pregnant
women [16, 67]. Genotype 1 has been further classified into 4 subtypes and
most of them have been grouped to genotype 1A. Sub-genotype shift, may
have been responsible for the different geographic morbidity in pregnant
women in Southern India and Egypt [16].

• fetal infection with HEV- may be responsible for the increased severity of the
disease in the mother [69].

• In certain geographical areas the use of herbal medicines by pregnant
women may influence the severity of HEV infection. This would explain the
difference in mortality in certain geographical regions and could be used as a
prognostic factor in the evolution of a fulminant liver failure due to other
etiologies [70].

Conclusion: Severe pregnancy lesions due to HEV infection are caused by viral
factors, host-related factors, immunological factors and hormonal factors and envi-
ronmental factors.

3.3.1.3 Pathogenesis of chronic infection in immunocompromised patients

In immunocompromised patients HEV infection is present as chronic liver dis-
ease. HEV infection is present in a proportion of 0.9–3.5% in patients with SOT and
the rates of chronicity ranging from 21% - 50% [7]. Chronic infection with HEV is
characterizes by persistence of HEV in the organisms that are not able to realize the
clearance of the virus. HEV persistence may be related to the immunosuppressive
condition of the patient characterized by:

• a significantly lower of CD2+, CD3+ and CD4+ T cells comparative with the
patients who spontaneously eliminate the virus [7].

• a lower concentration of IL-Ra and IL-2R, to which are added to higher
concentrations of chemokines in the acute phase [37]

• refractory response of infected HEV cells to the action of interferon due to
increased expression of interferon stimulated gene (ISG) [7]; these cells are not
able to realize the clearance of the virus; in patients with kidney
transplantation has been described this aspect and also in vitro in human
hepatoma cell cultures and primary human hepatocytes despite the continuous
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production of type III IFNs [71] and the persistent activation of the JAK/STAT
signaling that confers to infected cells refractory to exogenous IFN [26].

• secondary immunosuppression due to HIV infection: in HIV-infected patients
with low CD4+ T cell count <200/mm3, HEV infection may become chronic [2].

• secondary immunosuppression due to the use of immunosuppressive drugs in
the treatment of various diseases. In humans, HEV is more likely to be
persistent in SOT patients treated with tacrolimus and cyclosporin or
treatment used in rheumatoid arthritis. Cyclosporin and tacrolimus are both
immunosuppressive drugs by inhibition the calcineurin phosphatase in
lymphocytes (inhibition of cyclolines A and B); this immunosuppression
promote viral replication [72].

Thrombocytopenia by HEV is another change associated with HEV infection in
this category of patients: the decrease in platelet count is associated with the persis-
tence of HEV infection and the reduction in the number of antiviral cytotoxic ly T
in the liver. HEV-infected patients had low platelet counts [73], but, how HEV
induces thrombocytopenia is unknown. It could be immune-mediated as in other
virus infections or be linked to the development of fibrosis with splenomegaly [73].

Viral factors meaning the different types, subtypes, quasispecies belonging to
HEV can be involved in the chronic evolution of the infection. Arguments:

• chronic infection HEV was found to be rare in a large cohort of Japanese liver
transplant recipients, suggesting that there are differences in HEV subtype,
strains, or host genetic factors that influence HEV persistence [74].

• greater heterogeneity of quasispecies in ORF1 and ORF 2 during the acute
phase of infection is associated with HEV persistence [6, 7].

• the value of Ka/Ks ratio, an indirect indicator of selection pressure on quasispecies
in the M domain of HEV capsid protein; M domain of HEV capsid contains
epitopes for Ly T. This ratio is lower in patients with chronic HEV infection hence
the importance of the cellular immune response in HEV clearance [7].

• the weak diversity of the P capsid domain of HEV, another component of the
viral capsid, that can undergo to the evolution to liver fibrosis by the selection
of aggressive variants of virus. Nearly 10% of SOT patients with HEV develop
cirrhosis within 3 to 5 years after the primary infection [7].

• chronic HEV infection is associated with recombinant host-HEV variants,
These recombinant variants have in vitro a replicative advantage. The PPR
regions of these HEV variants contain fragments of different genes of human
origin (e.g. ribosomal genes S17, S19, inter alpha trypsin inhibitor) [7].

Conclusion: HEV infection in immunocompromised patients is characterized by
chronic hepatitis due to viral persistence. Viral persistence can be caused by multi-
ple factors related to the immunosuppression of the host organism, but also to HEV.

3.3.1.4 Pathogenesis of extrahepatic manifestations in HEV infection

Neurological disorders have been reported in patients with acute or chronic
HEV infections, namely: Guillain–Barré syndrome (GBS), neuralgic amyotrophy
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(NA), encephalitis/meningoencephalitis, myositis, Bell’s palsy, and polyradi-
culopathy [16].

Clinically, the evolution of these diseases is more severe in the presence of HEV
infection. E.g.: cases of NA that clinically showed bilateral damage, with clamping
of the brachial plexus, the phrenic nerve [22].

The pathophysiology of HEV-associated neurological injury remains uncertain.
Some of these neurological conditions such as GBS and NA are immune-mediated,
due to molecular mimicry [22], secondary to the immune response triggered by the
virus. This immune response that cross-reacts with axolemmal or Schwann cell
antigens damages peripheral nerves [22]. In case of NA direct infection of the
brachial plexus cannot be excluded because HEV RNA was demonstrated in all
HEV-associated patients at the start of their illness [19]. Another arguments for
direct virus neurotropism:

• HEV variants found in the cerebrospinal fluid were different from those found
in the serum of the same patient, which would lead to the theory that HEV may
have variants with neurological tropism and replication in the central nervous
system. [75]. Neurological disorders can be associated with special genotypes as
HEV-1 in infected Asians and HEV-3 in infected Europeans [75, 76].

• the presence of HEVORF 2 in the cytoplasm or nucleus of cells in brain and spinal
cord tissues of the HEV RNA positive rabbits, such as glial cells, microglial cells,
choroid epithelium cells, and neural cells, especially in cells located in perivascular
areas. These aspects suggest that perivascular cells and neural cells are targets for
HEV present in cerebrospinal fluid (CNS) [77] described in HEV infected gerbils
the thickening of the basement membrane of blood vessels even reduplicated in
brain and spinal cord tissues as a compensatory response to blood–brain barrier
(BBB) disruption permeability. In conclusion: HEV can cross the BBB directly
into the central nervous tissue. [77]

In summary, HEV entry to the brain. The BBB of brain is a potential target of
HEV invasion into the CNS in experimentally infected rabbits. Components of the
BBB include tight junction (TJ) and adhesion junction (AJ) between endothelial
cells (EC), pericytes (PC), astrocytes endfoot (EF), as well as basement membrane
(BM) surrounded ECs and PCs; HEV causes a decrease in TJ proteins, including ZO-
1, Occludin, and Claudin5 and an increase in AJ protein VE-cadherin expression; the
result will be in breaking the junctional complexes integrity between capillary ECs,
facilitating HEV invasion into the brain tissue. This is the key factor in HEV patho-
genicity at the CNS level [78].

Kidney injuries and impaired renal function
Both acute and chronic HEV infections can lead to kidney injuries and impaired

renal function [79]. Both HEV antigen and RNA have been detected in the urine of
patients with acute or chronic HEV4 [80] or HEV3 infections [41]. Experimentally,
immunohistochemistry also detected ORF3 protein in the kidneys of infected rab-
bits [81]. This suggests that the kidneys or the urinary tract could be an HEV
reservoir. Kidney biopsies from patients with glomerular disease and HEV infection
revealed histological features of membranoproliferative glomerulonephritis
(MPGN), with or without cryoglobulinemia, membranous glomerulonephritis
[79, 82] and a relapse of immunoglobulin A nephropathy [79].

The pathophysiology of HEV infection at these patients is linked to the deposi-
tion of immune complexes formed from the HEV antigen, anti-HEV IgG antibodies,
and a rheumatoid factor in the glomerulus [33]. It is also possible that the HEV
antigen with lower molecular weight by-products of ORF2s could be secreted into
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the urine by cross the glomerular filtration barrier [83] Both HEV antigen and RNA
were detected in the urine of patients chronically infected with HEV [80] Kidney
biopsies showed interstitial inflammatory cell infiltrates at tubule-interstitial.
[36, 80]. But, there is still no evidence neither about viral replication of HEV in
human renal cells nor of the direct nephrotoxic effect [7].

Hematological manifestations in HEV infection
Anemia and severe thrombocytopenia may be associated with HEV infection.

Anemia related to HEV infection can be: hemolytic anemia due to deficiency of
glucose 6-phosphate dehydrogenase (G6PD) [84, 85] or aplastic anemia secondary
to severe forms of HEV infection [85].

Thrombocytopenia may be associated with HEV infection [29]. 11% HEV-
infected patients had thrombocytopenia [86]. The pathogenic mechanisms involved
by HEV could be: immune-mediated or be linked to the development of fibrosis
with splenomegaly [86].

Cryoglobulenemia: there were only a few cases of Hepatitis E-associated
cryoglobulenemia reported in the medical literature,; all of these patients are
chronic hepatitis patients, immunocompromised, all from western Europe, with
genotype 3 confirmed in eight cases, with all MC type 2 or 3 [22].

HEV-induced acute pancreatitis have been reported.
2.1% of patients with acute pancreatitis in a study conducted in India had serolog-

ical arguments about a recent HEV infection. Acute pancreatitis associated with hepa-
titis E usually has a good prognosis. The mechanism of pancreatitis in patients with
acute viral hepatitis (nonfulminant) is unknown, and it may be multifactorial. One
proposed pathogenesis of pancreatitis associated with hepatitis is the development of
edema of the ampulla of Vater with obstruction to the outflow of pancreatic fluid. A
more plausible mechanism for virus-associated acute pancreatitis is the direct inflam-
mation and destruction of pancreatic acinar cells by the virus [22].

4. Laboratory diagnosis

The laboratory is essential for establishing the etiological diagnosis.
4.1.Serology is the main way to diagnose HEV infection. It consists of highlight-

ing IgG and IgM antibodies anti- HEV [8]. IgM rises rapidly within a month of
acquiring the infection, the peak corresponds to the onset of clinical symptoms and
increased liver enzymes (ALT, AST) and disappear up to 32 weeks to 5months after
the initial disease onset; IgG occurs after the disappearance of IgM and they persist
for a long time after infection (not yet defined), occasionally disappearing before
the one year mark [8]. In endemic regions in acute infections, IgM antibodies may
coexist with IgG antibodies for a certain period of time.

Clinical significance of the 2 types of anti-HEV antibodies: the presence of IgM
antibodies means a recent acute HEV infection; presence of anti-HEV IgG anti-
bodies means past HEV infection or post-vaccination status (protective value over
2.5 U/mL according to WHO) [87].

4.2. HEV RNA detection in blood or in the stool by Real-Time Polymerase Chain
Reaction (RT-PCR).

HEV RNA detection is a method used to diagnose the infection in early stage.
HEV viremia disappears after 3 weeks, and from feces HEV disappears after
another 2 weeks [2].

NOTE: HEV RNA measurement is required in immunocompromised patients in
whom antibodies tests may be negative, 3 months after an HEV infection to deter-
mine whether it becomes chronic, for monitoring antiviral therapy, or in blood
donors as a screening test [8].
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4.3. HEV antigen (HEV Ag) detection is another method for early acute HEV
infection, comparable to RT-PCR. Antigen detection can be a good cost-effective
alternative to real-time PCR [88].

4.4. HEV isolation in vitro, from serum or feces, using certain cell cultures, such
as PLC/PRF/5 (human hepatocarcinoma) and A549 cells (human lung adenocarci-
noma) or in hepatocytes derived from pluripotent stem cells. In these cell lines HEV
replicates, the replication being dependent on the value of the inoculum [89, 90].

4.5. HEV genotyping to identify types, subtypes, variants, quasispecies HEV that
has been shown to be correlated with the severity of the disease, with certain
epidemiological aspects, with the area of spread of HEV infection [8].

5. Conclusions

Hepatitis E is a liver infection not yet sufficiently investigated, with an unclear
pathophysiology, in which the confluence of several viral factors, the host or envi-
ronmental factors can lead to different clinical features. Although most infections
are subclinical, there are cases with severe forms of the disease that can progress
unfavorably either to fulminant forms with acute liver failure, cirrhosis and death,
or to chronicity, and during pregnancy can take benign or extremely severe forms
that can lead to death. Mother and fetus. As such, hepatitis E is a topic that should
be investigated in future studies.
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were detected in the urine of patients chronically infected with HEV [80] Kidney
biopsies showed interstitial inflammatory cell infiltrates at tubule-interstitial.
[36, 80]. But, there is still no evidence neither about viral replication of HEV in
human renal cells nor of the direct nephrotoxic effect [7].

Hematological manifestations in HEV infection
Anemia and severe thrombocytopenia may be associated with HEV infection.

Anemia related to HEV infection can be: hemolytic anemia due to deficiency of
glucose 6-phosphate dehydrogenase (G6PD) [84, 85] or aplastic anemia secondary
to severe forms of HEV infection [85].

Thrombocytopenia may be associated with HEV infection [29]. 11% HEV-
infected patients had thrombocytopenia [86]. The pathogenic mechanisms involved
by HEV could be: immune-mediated or be linked to the development of fibrosis
with splenomegaly [86].

Cryoglobulenemia: there were only a few cases of Hepatitis E-associated
cryoglobulenemia reported in the medical literature,; all of these patients are
chronic hepatitis patients, immunocompromised, all from western Europe, with
genotype 3 confirmed in eight cases, with all MC type 2 or 3 [22].

HEV-induced acute pancreatitis have been reported.
2.1% of patients with acute pancreatitis in a study conducted in India had serolog-

ical arguments about a recent HEV infection. Acute pancreatitis associated with hepa-
titis E usually has a good prognosis. The mechanism of pancreatitis in patients with
acute viral hepatitis (nonfulminant) is unknown, and it may be multifactorial. One
proposed pathogenesis of pancreatitis associated with hepatitis is the development of
edema of the ampulla of Vater with obstruction to the outflow of pancreatic fluid. A
more plausible mechanism for virus-associated acute pancreatitis is the direct inflam-
mation and destruction of pancreatic acinar cells by the virus [22].

4. Laboratory diagnosis

The laboratory is essential for establishing the etiological diagnosis.
4.1.Serology is the main way to diagnose HEV infection. It consists of highlight-

ing IgG and IgM antibodies anti- HEV [8]. IgM rises rapidly within a month of
acquiring the infection, the peak corresponds to the onset of clinical symptoms and
increased liver enzymes (ALT, AST) and disappear up to 32 weeks to 5months after
the initial disease onset; IgG occurs after the disappearance of IgM and they persist
for a long time after infection (not yet defined), occasionally disappearing before
the one year mark [8]. In endemic regions in acute infections, IgM antibodies may
coexist with IgG antibodies for a certain period of time.

Clinical significance of the 2 types of anti-HEV antibodies: the presence of IgM
antibodies means a recent acute HEV infection; presence of anti-HEV IgG anti-
bodies means past HEV infection or post-vaccination status (protective value over
2.5 U/mL according to WHO) [87].

4.2. HEV RNA detection in blood or in the stool by Real-Time Polymerase Chain
Reaction (RT-PCR).

HEV RNA detection is a method used to diagnose the infection in early stage.
HEV viremia disappears after 3 weeks, and from feces HEV disappears after
another 2 weeks [2].

NOTE: HEV RNA measurement is required in immunocompromised patients in
whom antibodies tests may be negative, 3 months after an HEV infection to deter-
mine whether it becomes chronic, for monitoring antiviral therapy, or in blood
donors as a screening test [8].
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4.3. HEV antigen (HEV Ag) detection is another method for early acute HEV
infection, comparable to RT-PCR. Antigen detection can be a good cost-effective
alternative to real-time PCR [88].

4.4. HEV isolation in vitro, from serum or feces, using certain cell cultures, such
as PLC/PRF/5 (human hepatocarcinoma) and A549 cells (human lung adenocarci-
noma) or in hepatocytes derived from pluripotent stem cells. In these cell lines HEV
replicates, the replication being dependent on the value of the inoculum [89, 90].

4.5. HEV genotyping to identify types, subtypes, variants, quasispecies HEV that
has been shown to be correlated with the severity of the disease, with certain
epidemiological aspects, with the area of spread of HEV infection [8].

5. Conclusions

Hepatitis E is a liver infection not yet sufficiently investigated, with an unclear
pathophysiology, in which the confluence of several viral factors, the host or envi-
ronmental factors can lead to different clinical features. Although most infections
are subclinical, there are cases with severe forms of the disease that can progress
unfavorably either to fulminant forms with acute liver failure, cirrhosis and death,
or to chronicity, and during pregnancy can take benign or extremely severe forms
that can lead to death. Mother and fetus. As such, hepatitis E is a topic that should
be investigated in future studies.
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Chapter 10

Microbiota, Inflammation, and 
Gut Barrier Dysfunction in HCC
Amit Kumar Ram, Gavin Wright  
and Balasubramaniyan Vairappan

Abstract

Hepatocellular carcinoma (HCC), which represents 90% of all primary liver cancers, 
is the fifth most common cancer and the third cause of cancer mortality rate. It is a 
complex disease with a poor prognosis. Incidence and mortality rates are increasing 
in many geographical regions, indicating a need for better management strategies. 
Chronic inflammation is the major driving factors for HCC development, which 
typically develops on the background of chronic liver disease (CLD). Currently, a 
large body of literature has focused on the key role of the gut-liver axis as the major 
pathophysiological mechanism of hepatic disease severity and HCC development. 
This chapter will describe the role of gut microbiota, inflammation, and intestinal 
barrier dysfunction-associated mechanism in the progression of HCC. In particular, 
enteric dysbiosis, tight junction, and inflammatory mediators in the pathogenesis of 
liver cancer will be discussed. Furthermore, this chapter will identify the possible 
potential therapeutic approach for the control of gut bacterial overgrowth, inflam-
mation and restoration of eubiosis, and tight junction integrity in HCC.

Keywords: gut-liver axis, HCC, inflammation, microbiota, zonula occludens-1

1. Introduction

Hepatocellular carcinoma (HCC) is a heterogeneous type of tumor that is likely 
to develop on the background of an inflammatory milieu in patients with advanced 
liver disease. It is the third leading cause of cancer death globally and is more 
prevalent in men than in women [1]. Over the past two decades, there is increas-
ing evidence from studies suggesting a causal link between gut microbiota in the 
progression of HCC. Normal commensal gut microbiota acts as an important source 

Highlights

• Gut dysbiosis, inflammation, and increased intestinal permeability are synergistically contributed to 
the pathogenesis of hepatocellular carcinoma.

• Previous studies in animal models suggest that targeting the gut-liver axis can inhibit HCC 
development.

• Targeting the gut-liver axis with probiotics, antibiotics, FMT, TLR4 antagonists, FXR agonists, and 
natural compounds could be the promising strategies for HCC prevention.
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of energy and is pivotal to host metabolism and innate immunity [2]. Not unsur-
prisingly therefore, alteration to gut microbial composition has been linked to the 
promotion of chronic inflammatory bowel disease (IBD) via local effects. However, 
activation of such inflammatory effects can have a broader response across all organ 
beds such as the liver, kidney, brain, heart, and the hematopoietic system and have 
been strongly associated with carcinogenesis [3]. Anatomical considerations provide 
us with a logical understanding on why gut microbiosis may have such an impact 
on disease development, especially in the liver. Since the liver is anatomically con-
nected to the intestine via the portal vein, it is the first organ to receive nutrient-rich 
blood and also the first target of gut microbiota. Furthermore, the liver can elicit an 
inflammatory response through microbe-associated molecular patterns (MAMPs) 
and pattern recognition receptors (PRRs). Though translocation of gut microbiota 
from the intestinal lumen to the systemic circulation is counterchecked by multilayer 
intestinal epithelium, any change in its integrity can initiate inflammation and 
contribute to fibrosis and thus chronic liver disease (CLD) progression and thus a 
precursor to HCC development, which is itself usually only seen in the context of 
cirrhosis, the most advanced form of CLD [4]. In this chapter, we summarize the 
available literature on the key role of gut microbiome in HCC pathogenesis and novel 
therapeutic approaches developed to target these processes.

2. Gut microbiota

The gut microbiota resides in the gastrointestinal (GI) tract. The human gut 
harbors complex and diverse microbial community of 100 trillion microorganisms 
with more than 2000 distinct species of bacteria, in addition to fungi protozoans and 
viruses. These microorganisms are collectively called gut microbiota, which comprises 
of commensals, beneficial microbiota, and opportunistic pathogens residing in what 
is a complex and dense microenvironment. Immediately after birth commensal bac-
teria colonize the intestine and predominantly comprise Proteobacteria, Lactobacillus, 
and Actinobacteria, but as we mature into adults Bacteroidetes and Firmicutes species 
predominate [5]. The composition of microbiota also varies from the small intestine 
to the distal colon, due largely to the effects of nutrient availability, intestinal pH, and 
motility. Moreover the overall composition of the microbial community in the gut is 
further individualized by any alteration in our diet, age, lifestyle, disease, and also 
medication exposure [6]. A symbiotic relationship exists between gut microbiota and 
the human host, which are critical to our maintenance of health. For example, gut 
microbiota are involved in the metabolism of bile acids, synthesis of vitamins, diges-
tion of complex polysaccharides, and production of short-chain fatty acids (SCFAs) 
[2]. SCFAs are a vital source of energy for enterocytes, which are integral in maintain-
ing gut barrier integrity. In addition, gut microbiota are also involved in the develop-
ment of local and innate immunity providing defense against not only the pathogenic 
invasion but also systemic infection [7]. Experimental studies from rodents and 
humans have demonstrated that the gut microbiota is involved in the progression of 
HCC by increasing LPS-mediated pro-inflammatory microenvironment in the liver.

3. Gut-liver axis

Gut microbiota are known to influence multiple extraintestinal organs; however 
the importance of the gut-liver axis has understandably received greater attention in 
recent years. The gut and liver share anatomy from the embryonic phase, with bidi-
rectional interaction through the portal vein. The symbiotic relationship between the 
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gut microbiota and the liver is modulated by the nutrition, immune, metabolic, and 
neuroendocrine crosstalk between them and thus shapes human health and disease 
[8]. Functionally, gut and liver coordination influences our physiology. The liver 
receives 70% of the blood supply from the gut via the portal circulation. The nutrient-
rich blood from the gut is effectively processed by the liver and delivered to systemic 
circulation for normal body growth. In turn, the liver synthesizes bile acids (BAs) and 
other mediators, like IgA, which influence intestinal microbial composition and barrier 
integrity, thereby maintaining intestinal homeostasis [8]. Bile acids are involved in 
energy homeostasis by regulating the metabolism of glucose and lipids and also help 
in conjugation and detoxification process as well as maintenance of intact intestinal 
epithelia. Bile acids also regulate microbial composition via antimicrobial peptides 
production; in turn, microbiota influences the bile acid pool in the intestine as they are 
involved in secondary bile acid production [9]. IgA secreted from the liver and intestine 
prevents growth and invasion of pathogenic bacteria to maintain normal gut-liver 
homeostasis [7]. In normal physiological conditions, translocation of gut bacteria 
and their metabolites is tightly regulated by the intestinal epithelial barrier, and if any 
reaches the liver, it is eliminated by hepatic Kupffer cells. Any breach in barrier integrity 
resulting from intestinal inflammation allows microbiota to pass through the portal vein 
to potentially trigger hepatic immune cells to enact an inflammatory response (from 
hepatic stellate cells and Kupffer cells), which may result in necrotic inflammation and 
hepatic fibrosis contributing to worsening fibrosis and thus liver disease progression 
[10]. Accumulating evidence suggests gut dysbiosis, bacterial endotoxin, and increased 
intestinal permeability are hallmark features of CLD and positively correlate with 
disease severity. These factors play a crucial role in the pathogenesis of not only CLD 
but have also been shown to promote HCC through various mechanisms (Figure 1).

Figure 1. 
An overview of homeostatic and impaired gut-liver axis in HCC progression. (A) In homeostatic condition 
gut lumen contains normal gut flora which is restricted by tightly closed intestinal epithelial cells to prevent 
its translocation to the liver. (B) Increased bacterial overgrowth in gut lumen and increased intestinal 
permeability promotes HCC progression through binding of LPS to toll-like receptor 4 (TLR4) which are 
present on Kupffer cells, hepatocytes, and HSC to elicit the release of pro-inflammatory cytokines and 
activation of proliferative and anti-apoptotic signals. Prebiotics, probiotics, synbiotics, FMT, and polyphenols 
can be used to restore eubiosis, while the use of antibiotics can potentially eliminate pathogenic bacteria and 
endotoxin release. FXR agonists can attenuate intestinal permeability and prevent bacterial translocation. 
TLR4 antagonists prevent binding of LPS to TLR4 and suppress cancer-promoting signals.
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4. Gut dysbiosis

Dysbiosis defines any change in the typical gut microbial composition found in 
health. Several lines of evidence suggest that gut bacterial dysbiosis is a pathogenic 
factor in the progression of HCC whatever the trigger for CLD (e.g., alcohol, non-
alcoholic steatohepatitis (NASH), viral hepatitis, etc.). The role of gut dysbiosis in 
the propagation of progressive CLD is likely triggered by the formation of microbial 
metabolites such as LPS, bacterial DNA, and deoxycholic acid, which causes chronic 
inflammation in the portal circulation and thus the liver. In cirrhotic patients 
overgrowth of the pathogenic bacteria such as Enterobacteriaceae, Veillonellaceae, 
and Streptococcaceae and decreased Lachnospiraceae have been observed to correlate 
with the child-turcotte-pugh (CTP) score, clinically used to assess the severity of 
cirrhosis [11]. Moreover, in cirrhotic patients studies have found an increase in both 
the oral and gut levels of the same microbial species suggesting invasion from the 
mouth to intestine [12]. It is therefore postulated oral bacterial overgrowth may 
have a profound effect on intestinal bacterial communities and thus CLD pathogen-
esis and HCC development. This concept is supported by a recent study that showed 
a high level of oral microbiota Oribacterium and Fusobacterium in HCC patients [13]. 
The alteration in gut microbiota composition in HCC is summarized in Table 1.

Microbial gene signatures that relate to energy production, nickel/iron trans-
port, and amino acid transport appear to be altered in HCC patients when com-
pared to healthy controls [13]. Moreover, when compared to cirrhotic patients, fecal 
samples from HCC patients have shown increased growth of phylum Actinobacteria 
and 13 genera including Gemmiger and Parabacteroides [14]. They also found a 
decrease in butyrate-producing bacteria and an increase in LPS-producing bacteria 
in HCC patients when compared to healthy controls [14]. A study conducted by 
Ponziani et al. in NAFLD-related HCC showed increased fecal Bacteroides and 
Ruminococcaceae, whereas reduced Akkermansia and Bifidobacterium were negatively 
correlated with intestinal inflammatory marker fecal calprotectin level [15]. This 
study also showed increased intestinal permeability in these patients accompanied 
by an increase in plasma level of IL8, IL13, CCL3, CCL4, and CCL5, showing the evi-
dence that alteration in gut microbiota profile is associated with systemic inflamma-
tion that may contribute to HCC pathogenesis [15]. In another study, E. coli growth 
in fecal samples was significantly elevated in HCC patients compared to matched 
cirrhotic patients [16]. Interestingly, inoculation of AFB1 and/or Helicobacter 
hepaticus in Helicobacter-free C3H/HeN mice was associated with HCC progression 
[17]. This observation may suggest that neither direct bacterial translocation nor 
hepatocyte injury is necessary for HCC development. In clinical studies utilizing 
liver HCC tumor biopsy tissue, some authors report the presence of Helicobacter ssp. 
DNA, whereas other investigators failed to correlate the presence of Helicobacter 
ssp. DNA with HCC progression [18]. In DEN-treated rats, fecal and cecal samples 
show an increase of pathogenic bacterial species like E. coli, Atopobium, Collinsella, 
Eggerthella, and Corynebacterium; in contrast there was a decline in the numbers of 
beneficial bacteria like Lactobacillus spp., Bifidobacterium spp., and Enterococcus spp. 
[19]. Although the exact mechanism by which gut microbiota promotes HCC has 
not been firmly established, studies in murine models indicated LPS-TLR4 axis plays 
a crucial role in the progression of HCC [19, 20]. Zhang et al. suggest that gut dys-
biosis merely promotes HCC by increasing LPS levels and that conversely probiotics 
may suppresses tumor growth [19]. Similarly, Dapito et al. propose that gut micro-
biota only has a role in the promotion of HCC rather than its initiation [20]. The 
ability of pathogenic bacteria to disrupt TJs protein thereby increasing intestinal 
permeability has also been postulated as another mechanism by which microbiota 
may promote CLD and HCC [21]. However further preclinical and clinical studies 
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are needed to establish the causal link between gut microbiota and HCC progression 
and to further delineate the molecular mechanisms involved.

5.  Inflammation as a key player: triggered by LPS-TLR4 mediated pathway

HCC is arising in an inflammatory environment of the CLD, and therefore, 
neutralizing inflammation with anti-inflammatory agents may reduce the incidence 
and recurrence of HCC. Much attention has been focused on the potential involve-
ment of the toll-like receptors (TLR) signaling pathway in the development of liver 
inflammation and associated HCC progression. Gut-derived endotoxin initiates the 
innate immune system such as TLRs, which recognize bacterial products and are 
predominantly expressed throughout the gut-liver axis. In addition, TLR4 plays a 
central role through LPS (a component of Gram-negative bacteria)-induced hepatic 
inflammation, while TLR 2 senses component of Gram-positive bacteria such as 

Authors Sample type Changes in fecal 
microbiota composition

Clinical implication in HCC

Ren et al. [14] Feces Klebsiella i • Increase in lipopolysaccharide-
producing bacteria promotes 
HCC progression

• Decrease in butyrate-producing 
bacteria promotes intestinal 
mucosal injury which contrib-
utes to HCC development

Ponziani et al. [15] Feces Bacteroides ↑
Ruminococcaceae ↑
Enterococcus ↑
Phascolarctobacterium ↑
Oscillospira ↑
Bifidobacterium ↓
Blautia ↓

• Increase in Gram-negative bac-
teria promotes HCC progression

• Decrease in beneficial bacteria 
was correlated with intestinal 
inflammation favoring local 
microenvironment for HCC 
development

Grat et al. [16] Feces Escherichia coli ↑ • Increase in pathogenic E. coli 
contributes to HCC progression

Huang et al. [18] HCC liver 
biopsy

Helicobacter pylori ↑ • Helicobacter linked to hepato-
carcinogenesis by colonizing 
the liver

Zhang et al. [19] Feces Escherichia coli ↑
Atopobium cluster ↓
Prevotella ↓
Bacteroides ↑
Lactobacillus spp. ↑
Bifidobacterium spp. ↑
Enterococcus spp. ↓

• Alteration in gut microbiota 
profile promoted tumor forma-
tion in DEN-induced HCC rats

Yoshimoto et al. [38] Feces Clostridium cluster XI and 
XIVa ↑

• Increase in deoxycholic acid 
-producing bacteria accelerated 
HCC progression in DMBA-
HFD-induced HCC rats

• Deoxycholic acid is a risk 
factor for obesity-induced HCC 
development

Table 1. 
Gut microbiota dysbiosis in HCC.
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Gut microbiota dysbiosis in HCC.
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peptidoglycan [22]. In this context, Yu et al. identified that increased activation of 
the TLR 4-LPS axis correlated with intestinal permeability in DEN-induced acute 
liver failure (ALF), which directly regulates pro-survival molecules and enhances 
hepatocyte proliferation [23]. Interestingly, in mice models the use of antibiotics 
and/or TLR4 genetic ablation prevented tumor growth and multiplicity [19, 23]. 
Dapito et al. showed a close link between gut microbiota and LPS-TLR 4 axis in 
HCC progression in a chimeric mice model [20]. This study also showed in DEN-
CCl4 treated mice (with histological CLD) that low-dose LPS treatment triggered 
TLR4 activation and increased rate of tumor formation, whereas gut sterilization 
prevented HCC progression rather than regression of the established tumor [20]. 
Taken together these studies would therefore suggest that gut microbiota may 
not have a role in HCC initiation but may instead have a tumor-promoting effect 
through TLRs signaling pathways [20].

In respect of HCC promotion, multiple downstream targets of the LPS-TLR4 
axis have been identified in both in vitro and in vivo studies. HSCs, Kupffer cells, 
and hepatocytes show TLR4 expression and thus are sensitive to LPS challenge [24]. 
Dapito et al. showed that TLR4 activation in HSCs, hepatocytes, and non-bone-
marrow-derived resident cells promotes hepatocarcinogenesis by upregulating 
epiregulin (hepatomitogen) and inhibiting cleaved caspase 3 via NF-κB activa-
tion [20]. Moreover, Yu et al. showed hepatic Kupffer cells as the chief target for 
LPS-induced TLR4 activation by increasing pro-inflammatory cytokines such as 
TNF-α and IL-6 production [23]. Similarly, in vitro studies have shown evidence 
of LPS-TLR4-promoted HCC cell proliferation via NF-κB, MAPK, and STAT3 
mediated signaling pathways [24]. LPS-TLR4 has also been shown to promote 
epithelial-to-mesenchymal transition (EMT) in HCC by upregulating NF-κB- and 
JNK/MAPK-mediated expression, while NF-κB and JNK/MAPK signaling blockade 
inhibited EMT occurrence [25]. Similarly, LPS-TLR4 axis is also known to enhance 
angiogenesis in HCC mice model via production of pro-angiogenic factors by HSCs 
in tumor stroma [26]. However further studies incorporating TLR4 deletion are 
needed to better understand its role in hepatocyte proliferation and distinguish 
paracrine signaling from HSCs and Kupffer cells in HCC progression.

6.  Intestinal epithelial barrier dysfunction: role of tight junction 
proteins

Commensals and opportunistic pathogens are kept in check within the intesti-
nal lumen by a single layer of intestinal epithelial cells (IEC) which spans almost 
400 m2 in surface area [27]. The gut barrier is highly dynamic in nature in which 
IEC is capable of self-renewal every 4–7 days with constant changes in intestinal 
luminal content. IEC are predominantly composed of absorptive enterocytes, 
which have metabolic and digestive functions. It also has secretory functions 
enacted by cell types such as enteroendocrine, goblet, and paneth cells which are 
specialized for maintaining digestive, immune, and epithelial barrier function [27]. 
Enteroendocrine cells connect the central and enteric neuroendocrine system via 
the secretion of various digestive hormones like gastrin, cholecystokinin, incretin, 
etc. The highly glycosylated mucins secreted by goblet cells form the first line of 
defense against microbial invasion and when compromised may predispose to 
disease as is evident in Mucin 2-deficient mice which are susceptible to colitis and 
inflammation-induced colorectal cancer [28, 29]. The intestinal barrier function 
is further strengthened by antimicrobial peptides (AMPs) including defensin, 
cathelicidin, and lysozyme [27]. These AMPs disrupt bacterial cell membranes and 
prevent adherence to gut mucosa.
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Apart from IEC, the gut barrier is primarily maintained by tight junction 
(TJs) components (e.g., claudin, occludin, zonula occludens, and other junctional 
adhesion molecules (JAMs)) preserving intact epithelia which in turn regulate the 
paracellular movement of solutes, water, and other nutrients while restricting the 
entry of bacteria from the lumen to systemic circulation [30]. The mechanism of 
increased intestinal permeability is poorly understood. Growing evidence sug-
gests that inflammation and TJ protein disruption are two of the key players driv-
ing increased intestinal permeability. In our previous study, we found increased 
systemic ZO-1 level in HCC patients reflecting increased intestinal permeability 
[31]. Moreover, plasma ZO-1 level was positively correlated with the inflamma-
tory marker hs-CRP and with disease severity, suggesting inflammation drives 
intestinal permeability associated with HCC progression [31]. Bacterial overgrowth 
leads to increased production of pro-inflammatory cytokines such as TNF-α, 
IL-6, and IL-1β, which is mainly mediated through the TLR4-NF-kB signaling 
pathway, thereby promoting intestinal inflammation and HCC progression [19]. 
These pro-inflammatory cytokines have a direct effect on TJ proteins like claudin 
and ZO-1, leading to enhance intestinal permeability [32]. Furthermore, in both 
in vivo and in vitro models, LPS dose dependently increases intestinal permeability 
via upregulating TLR4-mediated CD14 expression in enterocytes [33]. Similarly, 
NLRP6-deficient mice show altered microbiota and enhanced colonic inflammation 
through the chemokine (C-C motif) ligand CCL5 [34]. This results in increased 
intestinal permeability to microbial products and thus increases hepatic inflamma-
tion and progression from NAFLD to NASH [34]. Moreover, enteric pathogens such 
as Escherichia coli and Clostridium difficile are increased in CLD and are capable of 
increased intestinal permeability by modulating TJ integrity [11, 21].

Bile acids are another key player for maintaining gut barrier function by promot-
ing intestinal epithelial cell proliferation and microbiota composition [35]. There is 
clear evidence that bile acids have both direct antimicrobial effect and an indirect 
effect through FXR-induced AMPs and thus control growth and adhesion of intes-
tinal bacteria. In fact, decreased bile acids pool in the intestine is associated with 
bacterial overgrowth and inflammation [36]. The study by Kakiyama et al. showed 
that cirrhosis reduced bile acids entering the intestine causing bacterial dysbiosis 
by reducing beneficial bacteria such as Gram-positive Blautia and Ruminococcaceae 
and increasing pathogenic bacteria like Enterobacteriaceae [37]. In a NASH-induced 
CLD/HCC mouse model, increased Gram-positive Clostridium clusters (XI and 
XVIa) were positively correlated with increased serum deoxycholic acid (DCA) 
[38]. Notably, Clostridium clusters are capable of synthesis of secondary bile acid 
DCA via 7α-dehydroxylation of primary bile acids. DCA is a DNA-damaging agent 
and a known pro-carcinogen shown to affect various cancer signaling pathways. In 
this context, a study by Yoshimoto et al. revealed DCA activates a senescent-associ-
ated secretory phenotype in HSCs, thereby producing various pro-inflammatory 
and pro-tumorigenic factors promoting HCC development in mice, while antibiotic 
treatment and/or blocking DCA production prevented HCC development [38]. 
Similarly, in a HCC mouse model induced by steatohepatitis-inducing high-fat diet 
(STHD-01), increased hepatic and fecal bile acids concentrations were observed 
[39]. In this model, DCA activated mTOR and promoted HCC development. 
However, following antibiotic treatment, there was a decrease in HCC progression 
suggesting an interrelationship between BA metabolism, gut microbiota, and HCC 
development [39].

Bile acids maintain homeostatic IEC proliferation via EGFR- and FXR-
dependent pathways, which helps the continuous regeneration of enterocytes 
and maintain intact epithelia [40]. Several studies demonstrate that the intestinal 
bile acid pool also regulates TJ protein distribution and expression. In Caco-2 cell 
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monolayers, incubation with dihydroxy bile acids decreased transepithelial resis-
tance (TER) and was accompanied by increased phosphorylation and redistribution 
of occludin [41]. In human colonic biopsies, DCA induces Cr-EDTA permeability 
altering TER and increasing translocation of E. coli. Several in vivo studies have also 
elucidated the role of bile acids in the regulation of TJ permeability [42]. In HFD 
mice increased intestinal bile acid pool was associated with increased intestinal per-
meability with decreased expression of TJ proteins ZO-2 and JAM-A [43]. Similarly, 
in bile duct ligated (BDL) rats where intestinal BA delivery was prevented, there 
was increased bacterial translocation and increased intestinal permeability with 
decreased expression of claudin-1 and occludin. Conversely, the above effects were 
ameliorated by FXR activation [44]. These studies highlighted the protective role 
of FXR in the maintenance of intestinal barrier integrity; however, it is unclear 
whether these effects were from direct activation of FXR on TJ proteins or indirect 
effects from altered mucosal immune cells. In addition to FXR, another bile acid 
receptor TGR5 also modulates barrier permeability and TJ protein expression. In 
TGR5 null mice, increased intestinal permeability due to alteration of TJ protein 
expression develops colitis [45]. Therefore, the quantity and composition of BA 
pool in the intestine represent an important factor in the regulation of gut microbial 
community and gut barrier integrity.

7.  Therapeutic approach controlling gut microbiota, gut dysbiosis, and 
inflammation to prevent HCC

7.1 Prebiotics, probiotics, and synbiotics

Traditionally, HCC is cured based on the available treatment options such as 
surgical treatment, chemotherapy, and local ablation therapy; however, patients are 
facing many problems including the poor hepatic reserve [46]. Furthermore, the 
possible therapeutic interventions targeting the gut-liver axis in HCC are summa-
rized in Table 2.

Prebiotics are non-absorbant and nondigestible food ingredients which promote 
growth or activity of beneficial bacteria like Bifidobacteria and Lactobacilli and 
inhibit the growth of potentially pathogenic bacteria [47]. Currently, prebiotics 
like lactulose, lactitol, fructo-oligosaccharides, and galacto-oligosaccharides are 
commercially available [48]. Synthetic disaccharides like lactulose and lactitol are 
extensively used for the treatment of hepatic encephalopathy in CLD patients as 
ammonia detoxifying agents [48]. Also, these disaccharides are metabolized by 
colonic bacteria to produce lactic acid and acetic acid due to which pH in the gut 
lumen is decreased [49]. Low pH enhances the growth of non-urease-producing 
lactobacilli and inhibits pathogenic urease-producing bacteria [50]. Chen et al. 
showed that in chronic viral hepatitis patients, lactitol administration signifi-
cantly decreased plasma endotoxin levels and increased the growth of beneficial 
Lactobacilli and Bifidobacteria species [51]. In contrast, Bajaj et al. reported lactu-
lose administration in patients with HE did not improve dysbiosis and increased 
growth of Gram-negative bacteria such as Enterobacteriaceae and Bacteroidaceae 
[52]. This indicates the pattern of gut microbiota abundance is the major determi-
nants of disease severity [52]. In HCC patients administration of lactulose (30 mL/
day) for 14 days significantly reduced ALT and bilirubin levels, while antioxidant 
enzyme SOD, anti-inflammatory markers IFN-γ and IL-4, and blood cells CD4(+)/
CD8(+) were found to be increased suggesting its ability to reduce inflammation 
and restore oxidation/antioxidant system imbalance [53]. Similarly in partial 
hepatectomized rats, administration of lactulose induces liver regeneration by 
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Authors Intervention class Medication Desired effect in HCC

Zong et al. 
[53]

Prebiotics Lactulose • Lactulose treatment to HCC patients 
increased antioxidant enzymes and anti-
inflammatory markers while improving 
tumor immunity and overall prognosis

Zhang 
et al. [19]

Probiotics VSL#3 • VSL#3 treatment to DEN-induced 
HCC rats reduced tumor number and 
multiplicity by ameliorating hepatic and 
intestinal inflammation and improving 
intestinal permeability and restoring 
eubiosis

El-Nezami 
et al. [63]

Probiotics Lactobacillus 
rhamnosus LC 705 and 
Propionibacterium 
freudenreichii subsp. 
shermani

• Treatment to AFB1-induced HCC 
patients reduced aflatoxin-DNA adduct 
excretion in urine

Li et al. 
[46]

Probiotics Prohep • Treatment with Prohep to DEN-induced 
HCC mice reduced tumor size and 
angiogenic factors VEGFA and TEK

Kumar 
et al. [62]

Probiotics Combination of 
probiotic fermented 
milk and chlorophyllin

• Treatment to AFB1-induced HCC rats 
reduced DNA damage, oncogenic signal, 
and tumor incidence

Yoshimoto 
et al. [38]

Antibiotics 4Abx (ampicillin, 
metronidazole, 
vancomycin, 
neomycin)

• Treatment with 4Abx in DMBA-HFD-
induced HCC rats reduced tumor 
number and tumor size

Abdel-
Hamid 
et al. [67]

Antibiotics Clarithromycin and 
azithromycin

• Treatment to DEN-CCL4/acetylami-
nofluorene-induced HCC rats induced 
intrinsic and extrinsic apoptosis and 
inhibited HCC progression

Dapito 
et al. [20]

Antibiotics Rifaximin • Rifaximin treatment to DEN-CCL4 
induced HCC rats reduced tumor 
number

Nguyen 
et al. [93]

TLR4 antagonists TAK-242 • TAK-242 treatment to transgenic HCC 
mice reduced tumor burden and amelio-
rated hepatic steatosis and fibrosis

Nkontchou 
et al. [117]

Nonselective 
β-blockers

Propranolol • Long-term treatment with propranolol 
reduced HCC incidence in HCV-related 
cirrhosis patients

Chang 
et al. [118]

Nonselective 
β-blockers

Propranolol • Treatment with propranolol reduced 
mortality risk and improved survival in 
unresectable/metastatic HCC patients

Bishayee 
et al. [121]

Natural compound Resveratrol • Resveratrol treatment to DEN-induced 
HCC rats reduced hepatic nodules and 
prevented HCC progression

Ji et al. 
[124]

Natural compound Quercetin • Quercetin treatment to DEN-
acetylaminofluorene-induced HCC rats 
reduced number of nodules

Teng et al. 
[125]

Natural compound Curcumin • Treatment with curcumin to HBV-related 
transgenic HCC mice reduced hepatic 
nodules and suppressed HCC progression

Table 2. 
Therapeutic intervention targeting the gut-liver axis in HCC.
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inducing hydrogen and abrogating oxidative stress (heme oxygenase-1, SOD-2) 
and inflammation (IL-6 and TNF-α) [54]. Moreover, mixed diets of galacto-
oligosaccharides and fructo-oligosaccharides to infants were increased the growth 
of Bifidobacterium; however, this formulation has not been tried in patients with 
liver disease [55].

Probiotics are live microorganisms which when administered in adequate 
amounts confer a health benefit for the host [56]. Probiotic supplementation was 
also shown to restore intestinal dysbiosis in CLD patients [48]. Furthermore, mice 
treated with probiotic such as VSL#3 significantly reduces Clostridium spp. and 
modified gut microbiota [57]. In cirrhotic patients, VSL#3 supplementation for 
nearly 6 months was shown to reduce the risk of hospitalization and improved 
CTP and MELD score [58]. Similarly, in NASH-associated obese children, treat-
ment with VSL#3 over the period of 4 months reduces fatty liver and improved 
lipid profile and insulin sensitivity [59]. The other probiotics such as Lactobacillus 
salivarius LI01 and Pediococcus pentosaceus LI05 reduced inflammation, protected 
the intestinal barrier, prevented bacterial translocation, restored eubiosis, 
and attenuated hepatic fibrosis in CCl4-induced cirrhotic rats [60]. Similarly, 
Lactobacillus GG (LGG) supplemented with standard diet in cirrhosis patients 
show significantly reduced blood endotoxemia and TNF-α, thereby restor-
ing eubiosis [61]. However, in HCC, probiotic usage is meager, and only a few 
studies have identified the therapeutic potential. VSL#3 (contains three strains 
of Bifidobacteria, four strains of Lactobacilli, and one strain of Streptococcus 
thermophilus) treatment to DEN-induced rat hepatocarcinogenesis has shown to 
attenuate HCC progression, reduce tumor number and multiplicity, ameliorate 
hepatic and intestinal inflammation, and thus restore gut dysbiosis [19]. Li et al. 
identified that subcutaneous administration of Prohep (a novel probiotic mixture 
of Lactobacillus rhamnosus GG, Escherichia coli Nissle 1917, and heat-inactivated 
VSL#3) reduced the tumor size and HCC growth [46]. Prohep improves benefi-
cial bacteria such as Prevotella and Oscillibacter and control tissue inflammation 
as evidenced by decreased T helper 17 cells in the gut, thereby attenuating the 
progression of HCC [46]. Moreover, in aflatoxin B1-induced HCC rats, treatment 
with probiotic fermented milk and chlorophyllin significantly reduced tumor 
incidence by decreasing the expression of cyclin D1, bcl-2, and c-myc proto-
oncogenes [62]. Similarly, aflatoxin-induced HCC patients treated with dietary 
supplementation of probiotics (using viable Lactobacillus rhamnosus LC 705 and 
Propionibacterium freudenreichii subsp. shermani) decreased the urinary excretion 
of aflatoxin-DNA adduct (AFB-N7 guanine) and improved HCC [63]. Thus, pro-
biotic supplementation could be beneficial to cirrhotic patients with the potential 
to progress to HCC.

Synbiotics are combined form of prebiotics and probiotics, which contains four 
fermentable fibers (symbiotic 2000) and four freeze-dried non-urease-producing 
lactic acid bacteria. Synbiotic administration to cirrhotic patients results in 
decreased plasma endotoxin and ammonia levels and increased fecal Lactobacillus 
spp. [64]. Interestingly 50% of these patients have improved child-turcotte-
pugh score compared to placebo [64]. Moreover, in NAFLD patients synbiotic 
supplementation has shown to have beneficial effects by improving lipid profile, 
glucose homeostasis, hepatic marker enzymes, and inflammatory markers [65]. 
Synbiotic (FloraGuard) administration also has a protective role in alcohol-induced 
liver injury in rats [66]. In addition, the synbiotic treatment restored ethanol-
induced intestinal permeability and increased the growth of beneficial bacteria 
Bifidobacterium spp. and Lactobacillus spp. [66]. Currently, studies are lacking for 
the use of synbiotics in chronic liver diseases or HCC prevention.
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8. Antibiotics

Several studies have postulated that antibiotic treatment may cause gut microbi-
ota dysbiosis. It may represent effective strategies to prevent the tumor-promoting 
gut microbiota, its metabolites DCA, and pro-inflammatory signal inducer LPS 
which all have a role in the progression of CLD and HCC. In DEN-CCl4- and DMBA-
HFD-induced HCC mice model, the oral antibiotics ampicillin, metronidazole, neo-
mycin, and vancomycin significantly reduced the tumor number and size [20, 38]. 
In addition, this antibiotic combination also reduced the liver fibrosis and improved 
liver histology in cirrhosis. Moreover, the effectiveness of antibiotics administration 
was enhanced when given at late-stage HCC in mice rather than earlier stage [20]. 
In another study conducted in DEN-induced HCC rats, clarithromycin and azithro-
mycin suppressed HCC progression through extrinsic and intrinsic apoptotic path-
ways, whereas erythromycin aggravated HCC and did not show antitumorigenic 
effect [67]. Vancomycin is an antibiotic used to treat a bacterial infection, which 
effectively prevented the mouse model of HCC; however, long-term administration 
to CLD patients develops potential side effects [38]. Many studies have concluded 
that norfloxacin and rifaximin treatments to cirrhotic patients have beneficial 
effects [68]. In a double-blind placebo-controlled clinical trial, long-term oral 
administration of norfloxacin to cirrhotic patients markedly reduces Gram-negative 
bacteria in the fecal matters and lowers the spontaneous bacterial peritonitis (SBP) 
[69]. Furthermore, CCl4-induced cirrhotic animals showed decreased SBP and 
inflammation following norfloxacin treatment [70]. Norfloxacin was identified as 
a promising antibiotic in regulating gut microbiota overgrowth and prevention of 
BT in both cirrhotic humans and rodents; indeed its effect on HCC patients remains 
unidentified. Rifaximin is a broad spectrum oral antibiotic having potential bacte-
ricidal activity against aerobic and anaerobic Gram-negative bacteria [71]. It is an 
excellent choice of drug to cure HE in advanced cirrhotic patients [72]. The study 
conducted by Vlachogiannakos et al. showed treatment with rifaximin for 4 weeks 
significantly decreased portal pressure and LPS levels in decompensated cirrhotic 
patients [73]. Long-term treatment with rifaximin reduces SBP occurrence, variceal 
bleeding, HRS, and HE with an overall improvement in survival rate in cirrhotic 
patients [74]. Similarly, in murine DEN-CCl4-induced HCC mouse model, rifaximin 
treatment was shown to ameliorate HCC progression [20]. Although rifaximin is 
clinically used for prevention of HE and other complications in cirrhotic patients, 
its role in HCC prevention in humans is further warranted.

9. Fecal microbiota transplantation (FMT)

Fecal microbiota transplantation is currently being used for the treatment of 
Clostridium difficile infection [75]. The enteric dysbiosis was restored to normal gut 
flora following FMT from healthy donor to Clostridium difficile-infected patients 
[75]. Moreover, in mice with gut dysbiosis induced by antibiotics and chemo-
therapy, treatments were reversed by FMT [76]. In experimental cirrhosis with 
hepatic encephalopathy, FMT improves liver function and HE grade by limiting 
inflammation and improving tight junction integrity [77]. In this context, Bajaj 
et al. reported that FMT in cirrhotic patients with recurrent HE improves cogni-
tion, restores dysbiosis, and improves MELD score compared to standard care in 
those patients [78]. A number of clinical trials are ongoing in patients with NASH 
and cirrhosis for the efficacy of FMT [79, 80]. Vrieze et al. reported in patients 
with severe metabolic syndrome that treatment with FMT from a healthy donor 
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inflammation and improving tight junction integrity [77]. In this context, Bajaj 
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improves liver biochemistry, peripheral insulin resistance, and restoration of eubio-
sis [81]. Furthermore, in alcoholic hepatitis patients, FMT treatment significantly 
reduced liver disease severity and HE occurrence [82]. FMT recipients also showed 
an increase in beneficial bacteria like Actinobacteria and Bifidobacterium longum 
and decrease in Pseudomonas and E. coli with an increase in bile secretion [82]. 
Collectively these findings indicated that FMT may restore gut dysbiosis and reduce 
complications in cirrhotic patients and thus attenuate HCC development. However, 
scarce literature supporting the beneficial effect of FMT and long-term study is 
needed to prove permanent colonization in altered gut microbiota environment 
in cirrhotic patients. Moreover, there is a chance of inducing viral infection and 
transmission of other pathogens through FMT which may have deleterious effect 
and immunosuppression in advanced liver disease patients [83, 84].

10. TLR agonist or antagonist

Numerous studies have shown that LPS-TLR4 is a key inflammatory pathway 
in the progression of CLD and has a tumor-promoting effect on HCC [20, 23, 85]. 
Therefore blocking this pathway might represent a promising treatment approach 
in controlling cirrhosis and HCC progression. Several TLR4 antagonists have 
been developed toward controlling LPS-activated TLR4-mediated inflammatory 
responses which include polymyxin B [86], glycolipids interfering CD14-LPS 
interaction [87], eritoran [88], resatorvid (TAK242) [89], and thalidomide [90]. In 
BDL-induced cirrhotic rats, intravenous administration of TAK-242 significantly 
reduces plasma transaminases and inflammatory cytokines [91]. It also ameliorates 
acetaminophen-induced acute liver failure [92]. Similarly, in transgenic HCC mice 
(HepPten−), TAK-242 treatment for 28 days significantly reduced tumor burden 
and ameliorated HCC progression [93]. Eritoran tetrasodium protects against 
liver ischemia/reperfusion injury by inhibiting inflammatory response induced by 
high-mobility group box protein B1 (HMGB1) [94]. Similarly in D-galactosamine- 
and LPS-induced acute liver failure, treatment with eritoran significantly reduces 
inflammation and hepatic marker enzymes [95]. Eritoran treatment also decreases 
proliferation and induces apoptosis in tumor cells in a chemically induced mouse 
model of colorectal carcinoma [96]. Although resatorvid and eritoran showed 
the beneficial effect in improving the survival of murine sepsis model, it failed to 
do so in patients with severe sepsis [97]. Several TLRs have been upregulated in 
HCC [98]. In addition, TLRs are also abundantly expressed on immune cells which 
recognize various pathogens such as HBV which upon activation induces an innate 
immune response [99]. All the TLRs are activated by two independent pathways: 
MyD88-dependent (except TLR3) and MyD88-independent (TLR3 and TLR4) 
pathway [100]. Activation of TLR3-TRIF signaling pathway leads to apoptotic 
activity independently and, in turn, also activates IRF3 transcription factor to 
produce interferons [100]. TLR3 agonist BM-06 (synthetic dsRNA) significantly 
inhibited HCC cell proliferation, increased apoptosis, and decreased cell invasion 
and migration with increased antiviral IFN level [101]. Activation of TLR9 leads to 
phosphorylation of NF-κB with increased production of pro-inflammatory cyto-
kine TNF-α, IL-6, and IL-10 [102]. Mohamed et al. showed that inhibition of TLR7 
and TLR9 with antagonist IRS-954 or chloroquine significantly reduces HCC cell 
proliferation, angiogenesis with increased apoptosis [103]. This was further sup-
ported by tumor xenograft and DEN-induced rat HCC model in which chloroquine 
treatment reduces HCC incidence [103]. Although growing evidence shows TLRs as 
an important mediator of HCC progression, the molecular mechanism for disease 
progression is not completely understood. Therefore, further research needs to be 
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done for the use of TLR agonist or antagonist as a drug target for HCC prevention 
since TLRs are also involved in both cancer-promoting mechanism and immune-
modulator which is responsible for an innate immune response against tumor cells 
and HBV and HCV infection [99, 104–106].

11. Prokinetics

Bacterial overgrowth due to impaired gut motility has been reported in cirrhotic 
patients [107]. Cisapride, a prokinetic drug, has shown beneficial effects not only by 
regulating intestinal motility but also inhibiting bacterial overgrowth and preventing 
bacterial translocation in both rodent models and liver cirrhotic patients [108, 109]. 
Cisapride in combination with norfloxacin significantly reduces the incidence of SBP 
in high-risk cirrhotic patients [110]. Although the mechanism of impaired gastroin-
testinal motility in cirrhotic patients is unclear, increased adrenergic activity may be 
responsible for the altered motility.

12. Nonselective beta-blockers (NSBB)

Nonselective β-blockers are prevalently used in decompensated chronic liver dis-
ease patients to reduce morbidity and mortality. It is used as bleeding prophylaxis in 
cirrhotic patients with esophageal varices. NSBB also antagonizes β-adrenoceptors. 
The β-adrenergic receptor pathway is involved in maintaining normal physiologi-
cal functions. The catecholamines such as epinephrine and norepinephrine are the 
key ligands for β-adrenoceptors (β1 and β2). Furthermore, increased expression of 
β-adrenoceptors was observed in HCC cell membranes compared to healthy liver 
cells; however, the mechanisms remain unclear [111]. Catecholamines exhibit pro-
carcinogenic effects in gastric, pancreatic, and breast cancer, which is antagonized 
by NSBB. Its beneficial effects to reduce the risk of HCC have also been identified 
by the very recent observational and experimental trials [112]. Moreover, in ovarian 
and breast cancer patients, NSBB treatment was shown to reduce cancer formation 
and growth. In cirrhotic patients, increased catecholamines results in disease sever-
ity, and thus, NSBB treatment may be potent to inhibit carcinogenesis in cirrhosis 
[113]. A recent study by Leithead et al. showed NSBB is safe and may confer benefit 
in patients with ascites complicating the end-stage liver disease [114]. In addition, 
Reiberger et al. observed that NSBB treatment ameliorates intestinal permeability 
and reduces BT in cirrhotic patients [115]. In a recent study, Wang et al. showed 
propranolol induces apoptosis and suppresses proliferation of liver cancer cells 
[116]. Of note, long-term treatment with propranolol in patients with HCV-related 
cirrhosis reduces the incidence of HCC [117]. Similarly, in patients with unresect-
able/metastatic HCC cohort, propranolol treatment significantly reduces mortality 
risk and improved overall survival suggesting β-blockers might be another thera-
peutic approach in HCC prevention [118].

13. Natural compounds

Treatment with natural compounds and food ingredients like polyphenols 
represents another therapeutic approach in the restoration of eubiosis, modula-
tion of gut microbiota, reduction of inflammation, prevention of cirrhosis, and 
thus the progression of HCC. Many experimental data have shown evidence that 
flavonoids are proficient to alter gut microbial composition and restoration of 
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eubiosis in chronic liver diseases. Proanthocyanidin improves beneficial micro-
biota Bacteroides such as Lactobacillus spp. and Bifidobacterium spp. composition 
and reduces intestinal inflammation and oxidative damage, thereby attenuating 
experimental colon cancer. Resveratrol, a flavonoid, is shown to modulate intesti-
nal microbiota with a profound increase in Bifidobacterium spp. and Lactobacillus 
spp. and reduce systemic and colonic inflammation in rats [119]. Resveratrol also 
shown to have anticancer activity in HCC cell lines; inhibit proliferation, viability, 
invasion, and metastasis; and induce apoptosis [120]. Its anticancer property was 
also studied in DEN-induced hepatocarcinogenesis [121]. We found resveratrol 
treatment to cirrhotic mice attenuated systemic inflammation and ammonia levels 
and altered neuronal TJ proteins, thereby preventing secondary complications such 
as HE in cirrhosis [122]. Quercetin, a bioactive flavonoid, was shown to inhibit 
human HCC cell proliferation, migration, and invasion and trigger apoptosis 
both in vivo and in vitro [123]. Its profound antitumor effect was also shown 
in xenograft and DEN-induced HCC rodent models [124]. Curcumin, a power-
ful antioxidant, has a wide range of bioactive properties. Previous studies have 
shown evidence that curcumin has HCC chemoprevention in preclinical models 
as well as patients with HCC [125, 126]. Moreover, nimbolide from the leaf of the 
neem tree (Azadirachta indica) is another potential natural compound having 
antioxidant, anti-inflammatory, antibacterial, antiviral, and anticancer properties 
[127]. In vitro study in HCC cell line (HepG2) shows that nimbolide induces cell 
apoptosis by abrogating NF-κB and Wnt signaling pathway [128]. Currently, our 
lab is focusing on anticancer effects of nimbolide and its molecular mechanisms in 
an experimental hepatocarcinogenesis. Of note, these natural compounds have a 
wide variety of biological activities on gut microbiota and may preserve gut barrier 
integrity, microbial metabolites, TJ integrity, and mucosal immunology. Indeed, 
further human studies are warranted to see the effect of natural compounds on gut 
microbial modulation and prevention of HCC.

14. Targeting gut epithelial barrier to prevent HCC

Gut epithelial barrier acts as a fence for translocation of gut microbiota and 
its metabolite into the systemic circulation which is the major driving factor for 
CLD progression and HCC development [129]. Therefore, primarily targeting 
or restoring the gut epithelial barrier is an interesting therapeutic approach in 
HCC pathogenesis. Compelling evidence has shown that targeting gut microbiota 
(restoring eubiosis) directly or receptor-mediated pharmacological intervention 
using TLR4 antagonist or FXR agonist might improve epithelial barrier function 
[130, 131]. FXR is a BA receptor which is widely expressed throughout the gut-liver 
axis. Decreased BA is associated with intestinal bacterial overgrowth, increased 
gut permeability, and bacterial translocation in rodents [38]. FXR controls hepatic 
inflammation, promotes liver regeneration, and suppresses HCC formation 
mainly through enterokine FGF19 [132]. FXR null mice have an intestinal barrier 
dysfunction and high occurrence of HCC, whereas reactivation of FXR inhibited 
HCC through FGF15-cyp7a1 axis [133]. In this context, FXR agonist obeticholic 
acid (OCA) prevents gut barrier dysfunction and BT in cholestatic rats [131]. 
Furthermore, in CCl4-induced cirrhotic rats, OCA treatment significantly reduces 
BT and inhibits intestinal inflammation by restoring intestinal TJ proteins such as 
ZO-1 and occludin and antimicrobial peptides [134]. OCA treatment also improves 
hepatic inflammation and decreased portal pressure in BDL cirrhotic rats [135]. 
Consequently, OCA treatment may prevent HCC by limiting intestinal inflamma-
tion and improving gut barrier dysfunction in advanced liver disease.
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Increased TNF-α production in mesenteric lymph nodes by monocyte is the 
major factor responsible for increased intestinal permeability in cirrhosis and HCC 
[19, 136]. TNF-α decreases ZO-1 expression through NF-κB and MLCK activation 
[137]. TNF-α also downregulated occludin expression in Caco-2 enterocyte by 
targeting PI3k/Akt signaling [138]. In BDL rats, treatment with infliximab (IFX, 
a monoclonal antibody against TNF) significantly reduced portal pressure and 
attenuated inflammation [139]. Therefore modulating intestinal TJs protein with 
anti-TNF-α therapy may restore intestinal integrity. However, due to the immuno-
suppressive activity of TNF inhibitors, it may lead to systemic infection in cirrhosis 
patients. Hence, detailed knowledge for local inhibition is required for improve-
ment in gut barrier dysfunction without affecting innate immune response.

Retinoic acid can modulate TJs proteins. In a mice model of colitis characterized by 
gut permeability, treatment with retinoic acid enhances barrier function by upregulat-
ing TJs proteins claudin-1, claudin-4, and ZO-1 [140]. However, the effect of retinoic 
acid in the preservation of intestinal integrity has not been tested in cirrhosis and 
HCC. Modulation of the epithelial barrier with probiotics seems to be beneficial. In this 
regard, Zhang et al. showed probiotics VSL#3 (combination of S. thermophilus, four 
Lactobacillus species, and three Bifidobacterium species) treatment restores intestinal 
permeability and dysbiosis and prevented HCC progression in rats [19]. Similarly, pro-
biotics like E. coli Nissle1971 (ECN) was also shown to enhance intestinal TJs integrity 
by upregulating ZO-1 expression in the mouse model of DSS-induced colitis [141].

In addition, treatment with red wine polyphenol promoted barrier function by 
significantly increasing mRNA expression of TJ proteins occludin, claudin-5, and 
ZO-1 in cytokine-stimulated HT-29 colon epithelial cells [142]. Resveratrol also pre-
serves TJ barrier integrity and diminishes intestinal permeability by upregulating 
occludin, ZO-1, and claudin-1expression and thus abrogating intestinal inflamma-
tion and oxidative stress both in vivo and in vitro [143]. Similarly in NAFLD mice 
model, treatment with resveratrol enhances barrier function by increasing mRNA 
expression of TJ proteins ZO-1, occludin, and claudin-1 in the intestinal mucosa 
[144]. Curcumin also modulates intestinal barrier integrity and attenuates paracel-
lular permeability and organization of TJs [145]. Thus, targeting TJ proteins, which 
maintain intact intestinal epithelia, is another area of therapeutic approach for the 
control of intestinal permeability in cirrhosis and HCC.

15. Clinical value

HCC is the end-stage liver disease, which mostly develops on the background 
of cirrhosis. As discussed above, the gut-liver axis plays a significant role in the 
progression of CLD and ultimately HCC and would be a potentially significant 
therapeutic target in the prevention of HCC. There have been several preclinical 
and human studies demonstrating an association between gut dysbiosis and HCC 
progression. However, from the animal studies, it is unclear whether gut microbiota 
initiates HCC or acts with other precipitating factors like chronic inflammation in 
the progression of HCC. Modulation of gut dysbiosis with prebiotics and probiotics, 
FMT, or preventing bacterial overgrowth with antibiotics may therefore prevent 
HCC. Moreover, in cirrhotic patients these interventions appeared to prevent 
secondary complications and improved survival. We may therefore speculate that 
the above interventions might prevent HCC development in high-risk cirrhotic 
patients. Moreover, we should consider trialing these therapies in HCC patients 
with unresectable tumors, which might improve survival time and secondary 
complications. Furthermore interventions that restore intestinal barrier integrity 
may prevent gut BT and may consider another line of therapy in HCC.
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16. Conclusion

In conclusion, there is growing evidence to suggest gut microbiota may play a 
significant role in the progression of CLD and thus HCC, which is likely to involve 
multiple pathways ranging from gut dysbiosis, endotoxemia, inflammation, loss 
of TJ integrity, and intestinal permeability. It is therefore suggested that the use of 
agents that have the potential to target microbial dysbiosis and restore intestinal 
epithelial barrier integrity may prevent bacterial translocation and ultimately delay 
HCC progression. However, whether bacterial overgrowth and/or intestinal perme-
ability act independently or synergistically as causal pathogenic factors to influence 
the inflammatory milieu so closely associated with HCC progression remains 
unclear. Further research is therefore warranted to better understand the molecular 
pathways involved and guide the development of novel therapeutic interventions 
that can be taken to clinical trial to limit CLD/HCC progression through the target-
ing of dysbiosis and its effect on inflammation and intestinal permeability.
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Chapter 11

Splenectomy in Liver Cirrhosis 
with Splenomegaly and 
Hypersplenism
Adianto Nugroho

Abstract

Spleen is a “mysterious” organ since with unique functions, and might be related 
to other pathology in the human body. Splenomegaly and hypersplenism can mani-
fest following the development of portal hypertension in liver cirrhosis through 
fibrogenesis, immune and microenvironment dysregulation. Cirrhotic patients are 
generally considered as immunocompromised and prone to infections. Splenectomy 
in cirrhotic patients has produced concern over decrease immunity and elevated 
risk of infection, namely overwhelming post splenectomy pneumococcal sepsis. 
This review discus the splenectomy effect to the liver and how it can play a role in 
cirrhotic patients with portal hypertension without readily available access to liver 
transplantation.

Keywords: splenectomy, liver cirrhosis, hypersplenism, splenomegaly, 
liver transplantation

1. Introduction

The spleen is a unique organ with many functions, including its crosstalk with 
the liver in cirrhotic patients. This review aims to answer a clinical question “Should 
splenectomy be done in liver cirrhosis with hypersplenism and splenomegaly?”.

2. The spleen

The spleen is an organ full of mystery, as stated by Galen. From the ancient times 
until the Renaissance, descriptions of the gross anatomy of the spleen were rela-
tively accurate, yet the physiology of this organ remains incomplete and inaccurate. 
Even until today, much of spleen’s function are still yet to be discovered [1].

Spleen comprised of two distinct compartments, both functional and mor-
phological, namely red pulp and white pulp. The red pulp filters blood to remove 
foreign material and damaged erythrocytes. It also serves as iron, erythrocytes 
and platelets storages. With one fourth of body’s lymphocytes stores in the spleen, 
it is the largest secondary organ which initiate immune response to blood-borne 
antigens [2]. It exerts important effects on local and systemic immune responses, 
which have the potential to affect different tissues and organs [3]. The white pulp, 
composed by periarteriolar lymphoid sheath (PALS), the follicles and the marginal 
zones, are the one responsible for this so called immune functions [2].
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In addition, the spleen also produces opsonins, a substances that bind to 
the  foreign antigen, which in turn enhance their uptake and phagocytosis by 
macrophages. Furthermore, the B-lymphocytes within the germinal centers of the 
spleen are also sites for the production of antibody activated by foreign antigen. 
The realization of this important immunological function has promoted the desire 
for splenic  preservation [4].

3. Liver cirrhosis and the spleen

The association between the liver and spleen are shown in three different catego-
ries. Both organ, anatomically important in the portal circulation. Histologically, 
they share similar possession of reticuloendothelial structures, participating in 
substance exchange and cellular migration. And immunologically, both organs plays 
essential roles in immune homeostasis and pathogen clearance [2].

The first recorded encounter between spleen and cirrhosis could be trace back 
to Carl Freiderich Quittenbaum (1793–1852) of Rostock, Germany, who removed 
the spleen of a woman with cirrhosis and ascites “more from the patient’s urgent 
entreaty rather than the surgeon’s judgment.” Unfortunately the woman lived only 
6 h after the surgery [5].

The palpable spleen has long been considered as an obvious signs of liver 
cirrhosis, frequently occurs in parallel with hypersplenism, to be the major cause 
of cytopenia and thrombocytopenia. This condition are relatively sub-fatal, even 
in the absence of a bleeding varices. During the progression of liver cirrhosis, the 
spleen-derived immune cells and cytokines may travel into the injured liver via 
portal blood flow. Together with the portal hypertension and congestion, this will 
result in splenomegaly and hypersplenism. Furthermore, the chemokines, DAMPs 
like HMGB1, or exosomes, are also release into the circulation, which will trigger 
the activation and/or migration of splenocytes. This mechanism are known as the 
liver and spleen crosstalk pathways during liver cirrhosis [2].

Spleen size in patients with cirrhosis varies by the etiology of the disease. While 
in healthy adults, the size of the spleen in usually less than 12 cm, in cirrhotic 
patients it is relatively larger, as shown in the study by Kashani et al. This study 
revealed that the mean spleen size in the alcohol group (13.1 ± 2.5 cm) was signifi-
cantly smaller than in the hepatitis C (15.0 ± 3.4 cm) and nonalcoholic steatohepa-
titis (15.2 ± 3.0 cm) groups (95% confidence intervals of the mean difference, 0.6 to 
3.3 and 0.8 to 3.4 cm, respectively), sonographically [6].

4. Splenectomy effects to the liver

Cirrhotic patients are generally considered as immunocompromised, mainly 
due to the development of bacterial infection and community-acquired infections. 
Since the spleen is the largest lymphoid organs with large amount of T and B cells, 
macrophages, and dendritic cells, splenectomy in cirrhotic patients has produced 
concern over decrease immunity and elevated risk of infection, namely overwhelm-
ing post splenectomy pneumococcal sepsis.

However, a study by Hirakawa et al., showed the possibility of reducing suppres-
sive cell fractions and enhancement of the effector cell population and functions 
by means of splenectomy, thus ameliorate the impaired immune status of cirrhotic 
patients [7].

Yamada et al. demonstrated that splenectomy improved hepatic  functional reserves 
and nutritional metabolism, together with improvement in thrombocytopenia and 
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leukopenia in cirrhotic patients. Splenectomy is thought to induce a decrease in plate-
let pooling or breakdown in the spleen of thrombocytopenic patients, and as a result, 
increase blood platelet counts. Bilirubinemia secondary to hypersplenism, which is 
caused by an increase in bilirubin production, that overloads the capacity of the liver 
to metabolize bilirubin, are also reduced after splenectomy [8].

In a study by Ueda et al. of rats undergoing major liver resection with or without 
splenectomy, early stage splenic red pulp TGF-β1 production and secretion into the 
portal blood exert an inhibitory effect on liver regeneration. Splenectomy reversed 
this inhibition and enhanced the regeneration of hepatocytes [9].

Study by Huang et al., unveiled serum cytokine profiles in HBV-related cirrhosis 
patients with PH and hypersplenism, indicating a potential role of the hypertensive 
spleen in the progression of liver disease. Furthermore, the changes in cytokine 
levels following splenectomy maybe potential advantageous to reduce liver fibrosis 
and accelerate liver regeneration as well as reduce the risk of HCC [10].

Splenectomy also enhanced the repopulation of adoptively transferred bone 
marrow cell in cirrhotic liver and decreased collagen deposition through the upregu-
lation of MM9 expression in transferred bone marrow cells, as suggested by Iwamoto 
et al. [11], and improved the efficiency of adipose tissue-derived mesenchymal cell 
transplant into the liver by enhancing liver SCF-1 and HGV expressions [12].

Considering all of the above mention mechanism, targeting spleen for the 
 treatment of liver cirrhosis can be achieved through [2]:

• amelioration of cirrhosis’ fatal complications such as bleeding esophageal or 
gastric varices

• efficiently improving liver function and the prognosis of esophageal varices

• increasing the efficacy of liver transplantation and improving the prognosis 
of HCC

• supplementary treatment for anti-HCV therapy in combination with 
 interferons and other pharmaceuticals.

5.  Technical and perioperative consideration for splenectomy in 
cirrhotic liver

Surgery in a patient with liver disease carries specific and higher risks, compare 
to those with normal populations. Perioperative care including assessment and opti-
malization is the key to a safe surgery. Many cirrhosis patients present themselves 
with a relative contraindications that preclude surgery.

The predictors for complications including Child-Pugh class B or C, ascites, 
etiology of cirrhosis other than PBC, elevated creatinine, preoperative  infection, 
COPD, preoperative upper GI bleeding, invasiveness of surgical procedure, intraop-
erative hypotension, and ASA status 4–5. While the predictors of mortality including 
male gender, Child-Pugh class B or C, ascites, etiology of cirrhosis other than PBC, 
preoperative infection, ASA status 4–5 and respiratory surgery. The presence of 1 risk 
factors carries a 9.3% risk of complications, and this increase with the more numbers 
of risk factors. A total of 7–8 risk factors carries a 100% risk of  complications [13].

Friedman proposed the following list of contraindication to elective surgery 
in patients with liver disease, including acute viral hepatitis, alcoholic  hepatitis, 
acute liver failure, acute renal failure, severe coagulopathy, hypoxemia and 
 cardiomyopathy [14].
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Regarding the preferred method for splenectomy, recently laparoscopic has 
become technically feasible, safe and effective procedure for hypersplenism second-
ary to cirrhosis, and contributes to less blood loss, shorter length of stay and less 
impairment of liver function. However, this methods are generally more costly 
and might not readily available in every hospital. Thus the choice of splenectomy 
method must be personally selected for each patient, surgeon and hospital [15].

6. Splenectomy as a bridge to liver transplant

It is already a general consensus that liver transplantation is the preferred treat-
ment options for patient with end stage liver disease. However, the waiting time for 
liver transplantation is also long due to the shortage of donor organs, even in living 
donor liver transplantation setting. Moreover, in some countries, liver transplanta-
tion still not a feasible option for all patients.

One among many alternatives is by doing a splenectomy prior to liver transplan-
tation in patient with liver cirrhosis and subsequent splenomegaly-hypersplenism. 
A study by Kong et al., studied 833 patient patients underwent liver transplanta-
tion, of which 88 patients had splenectomy before liver transplantation. They 
found that postoperative infection and 90-days mortality in the splenectomy and 
non-splenectomy group were not statistically difference. Furthermore, the post-
transplant thrombocytopenia and early allograft dysfunctions is significantly lower 
in splenectomy group compare to non-splenectomy group. They suggested that pre-
transplantation splenectomy is recommended in cases with risky patients without 
appropriate source of liver for LT. Taking into consideration the possibility of more 
difficult operation due to adhesion when transplantation is being done. One thing 
to note is that as a “re-operation” the splenectomy is often as- sociated with more 
difficult dissection due to adhesions [16].

7. Summary

Splenectomy is beneficial in reversal of the pathologic process through live 
regeneration and pre-transplant splenectomy could be an alternative in patients 
without appropriate source of liver for liver transplantation. However, perioperative 
considerations should be thoroughly assessed to allow a safe surgery.
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Chapter 12

Histopathology of Wilson Disease
Nese Karadag Soylu

Abstract

Wilson Disease (WD) is a genetic metabolic disease of copper metabolism. The 
implicated gene is ATP7B, encodes a P-type ATPase which transports copper. The 
resultant defective metabolism of copper results in copper accumulation in multiple 
tissues especially liver, eye and central nervous system. WD occurs worldwide, 
usually between 5 and 35 years; a wider age range is also reported. Clinical presenta-
tions are diverse and include combinations of hepatic, neurological, ophthalmic 
and psychiatric manifestations. Other organs or tissues may also be affected. 
Biochemical abnormalities such as serum ceruloplasmin and 24-h urinary copper 
excretion are important for the diagnosis but are not always abnormal in WD. The 
liver histopathology has several different patterns from mild nonspecific changes 
to acute fulminant hepatitis and cirrhosis. Copper histochemistry is helpful in 
diagnosis. Genetic testing is another diagnostic tool. It is important to diagnose WD 
because it is fatal when overlooked, curable when diagnosed. The diagnosis should 
be keep in mind at all ages in patients with hepatic disease, neurological disease, or 
psychiatric symptoms.

Keywords: Wilson disease, copper, liver, histopathology, histochemistry

1. Introduction

Wilson Disease (WD) is an autosomal recessive genetic metabolic disease of 
copper metabolism. Its incidence is vary in different geographic areas with an 
average incidence of 1 in 30,000 individuals worldwide. Recent studies suggest a 
considerably higher prevalence of 1:1500–1:3000 for WD. It is caused by mutations 
in the ATP7B gene encoding a copper transporting P-type ATPase required for cop-
per excretion into the bile [1, 2]. WD is first described by the American neurologist 
Samuel Alexander Kinnier Wilson in 1912. There are earlier case reports mostly by 
neurologist in mid 1800s [3]. Kayser and Fleischer mentioned the pigmented cor-
neal rings, in 1902 and 1903 respectively In 1911, Wilson presented his monograph 
describing the “progressive lenticular degeneration”. Bramwell, in 1916, was the first 
to realize the importance of liver pathology in WD. In 1948, Cumings described the 
copper abnormalities in WD and in 1952, Scheinberg and Gitlin showed that the 
ceruloplasmin levels were low in most of WD patients. In 1956, Walshe introduced 
the penicillamine as a chelating agent, the first effective treatment for the condition 
[3, 4]. This discovery of successful chelation therapy makes WD one of the most 
satisfying genetic diseases to be diagnosed and treated.

Originally WD was described as a neurodegenerative disease associated 
with cirrhosis of the liver. Later, WD was observed in children and adolescents 
with acute or chronic liver disease without any neurologic symptoms [5]. Now, 
WD is considered a multi-systemic disorder, in which hepatic, neurological and 
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Chapter 12

Histopathology of Wilson Disease
Nese Karadag Soylu

Abstract

Wilson Disease (WD) is a genetic metabolic disease of copper metabolism. The 
implicated gene is ATP7B, encodes a P-type ATPase which transports copper. The 
resultant defective metabolism of copper results in copper accumulation in multiple 
tissues especially liver, eye and central nervous system. WD occurs worldwide, 
usually between 5 and 35 years; a wider age range is also reported. Clinical presenta-
tions are diverse and include combinations of hepatic, neurological, ophthalmic 
and psychiatric manifestations. Other organs or tissues may also be affected. 
Biochemical abnormalities such as serum ceruloplasmin and 24-h urinary copper 
excretion are important for the diagnosis but are not always abnormal in WD. The 
liver histopathology has several different patterns from mild nonspecific changes 
to acute fulminant hepatitis and cirrhosis. Copper histochemistry is helpful in 
diagnosis. Genetic testing is another diagnostic tool. It is important to diagnose WD 
because it is fatal when overlooked, curable when diagnosed. The diagnosis should 
be keep in mind at all ages in patients with hepatic disease, neurological disease, or 
psychiatric symptoms.
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1. Introduction

Wilson Disease (WD) is an autosomal recessive genetic metabolic disease of 
copper metabolism. Its incidence is vary in different geographic areas with an 
average incidence of 1 in 30,000 individuals worldwide. Recent studies suggest a 
considerably higher prevalence of 1:1500–1:3000 for WD. It is caused by mutations 
in the ATP7B gene encoding a copper transporting P-type ATPase required for cop-
per excretion into the bile [1, 2]. WD is first described by the American neurologist 
Samuel Alexander Kinnier Wilson in 1912. There are earlier case reports mostly by 
neurologist in mid 1800s [3]. Kayser and Fleischer mentioned the pigmented cor-
neal rings, in 1902 and 1903 respectively In 1911, Wilson presented his monograph 
describing the “progressive lenticular degeneration”. Bramwell, in 1916, was the first 
to realize the importance of liver pathology in WD. In 1948, Cumings described the 
copper abnormalities in WD and in 1952, Scheinberg and Gitlin showed that the 
ceruloplasmin levels were low in most of WD patients. In 1956, Walshe introduced 
the penicillamine as a chelating agent, the first effective treatment for the condition 
[3, 4]. This discovery of successful chelation therapy makes WD one of the most 
satisfying genetic diseases to be diagnosed and treated.

Originally WD was described as a neurodegenerative disease associated 
with cirrhosis of the liver. Later, WD was observed in children and adolescents 
with acute or chronic liver disease without any neurologic symptoms [5]. Now, 
WD is considered a multi-systemic disorder, in which hepatic, neurological and 
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psychiatric symptoms are often associated with renal, endocrine, osteoarticular, 
corneal and myocardial disturbances, all related to abnormal copper metabolism 
ending with systemic accumulation of the copper [6, 7].

Ultrastructural findings of WD have also been studied. The mitochondrial 
changes are the most distinctive and pathogenetically significant and include 
heterogeneity of size and shape, increased matrix density, separation of inner from 
outer membranes, enlarged intercristal spaces and various types of inclusions. 
Importantly, ultrastructural mitochondrial changes in WD cannot be considered 
pathognomonic; although exceedingly rare with cholestatic liver disease, such 
changes are found with mtDNA depletion disorders [4, 8].

WD has considerable variation in clinical presentations, the most common ones 
being liver disease and neuropsychiatric disturbances [9]. There is considerable 
phenotypic variation in WD: Some patients present with hepatic disease during the 
first decade of life, some with neurological degeneration in adolescence or adult life, 
with or without overt liver disease. In a study by Ferenci et al., the severity of liver 
disease did not show correlation with the mutation status. Rather, they reported 
that the prevalence of cirrhosis increased with age in pediatric patients. They found 
that hepatic disease was more common among females, whereas neurological 
presentation occurred more frequently in males [10]. The wide range of disease pat-
terns cannot be explained just by different mutations. Environmental, epigenetic, 
and other genetic factors are also contribute pathogenesis of WD [6, 10].

Classically low serum copper and low ceruloplasmin levels with high urinary 
copper content make a triad which is usually associated with WD diagnosis. But this 
triad may be absent or incomplete in 3% of genetically confirmed WD cases [7].

Early diagnosis of WD is important. But it is also important to make the diagno-
sis of WD prior to transplantation. Because organ transplant networks make special 
provision for acute liver failure (ALF) due to WD when considering the urgency of 
transplantation and the terminology relating to acute presentations of liver disease 
become relevant when listing a case of WD [11].

A large variability in the age of onset and in the clinical presentation of WD 
exists. Hepatic manifestations of WD at presentation can be extremely variable, 
and range from asymptomatic hepatomegaly, isolated splenomegaly, persistent or 
intermittent elevation of serum aminotransferases, jaundice, fatty liver or pseudo-
autoimmune hepatitis, acute hepatitis, compensated or decompensated cirrhosis to 
acute liver failure (ALF). The varied clinical manifestations of WD due to patholog-
ical copper accumulation in different organs, even in the early course of the disease, 
often pose a diagnostic challenge [7].

The main therapeutic strategy is using chelating agents, particularly 
D-penicillamine. Liver transplantation (LT) is reserved for patients unresponsive 
to medical therapy or with fulminant hepatic failure. LT for neurological complica-
tions is highly controversial and generally cannot be recommended [8].

2. Pathogenesis and clinical manifestations

Copper is an essential element for cellular function. Dietary copper is absorbed 
in the stomach and duodenum and reaches the liver by the portal vein [1]. Intestinal 
uptake is regulated by the Menkes ATPase (ATP7A). The ATP7A gene is expressed 
in most tissues except the liver. Menkes disease, an X-linked copper deficiency 
disorder, results from mutations in this gene. The abnormal gene in Wilson dis-
ease is ATP7B (the Wilson ATPase) which shows 56% homology to ATP7A [8]. 
It is expressed mainly in the liver but its expression is not restricted to liver cells. 
This data suggests that ATP7B dysfunction might be responsible for the systemic 
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disturbances of copper trafficking in the whole human body [1, 6]. The hepatic 
protein ATP7B encodes a copper-transporting P-type ATPase, transporting cop-
per into the secretory pathway for incorporation into apoceruloplasmin, forming 
ceruloplasmin. ATP7B moves copper into the trans-Golgi network, where cerulo-
plasmin peptide acquires its complement of copper, assumes its folded state and is 
then released into the circulation [12]. Excess is excreted eventually into the bile. 
Without the normal complement of copper, the peptide folds differently and has a 
decreased circulating half-life, leading to a low level of serum ceruloplasmin. Biliary 
excretion of copper is necessary for its homeostasis. When ATPB7 is defective, 
excess copper accumulates in the hepatocytes. Eventually the excess copper exceeds 
the storage capacity causing hepatocellular injury and release of copper into the 
circulation. Most WD patients have a low level of circulating ceruloplasmin which is 
a direct result of defective copper handling in hepatocytes as a result of mutation of 
the ATP7B gene. Free copper is extremely toxic and can produce irreversible cellular 
damage. The functional consequences of pathogenic ATP7B mutation are increased 
intracellular copper levels. This produces oxidative stress and free radical formation 
as well as mitochondrial dysfunction, which results in cell death in the liver, brain, 
kidneys, heart, eyes, and joints. As this disease damages multiple systems at one 
time, it poses a diagnostic challenge [2]. Over 600 gene alteration in ATP7B were 
recognized [6, 12]. The most common ones are single-nucleotide missense and non-
sense mutations, chased by insertions/deletions, and, rarely, splice site mutations. 
H1069Q is the most common mutation around the world, seen in most of the WD 
carriers in Europe and USA, with some absence for this mutation in some countries 
[6]. Correlation of phenotype with specific mutations (genotype) is difficult in 
Wilson disease because the vast majority of affected individuals are compound 
heterozygotes, possessing one copy each of two different mutations. Differences 
in clinical features of various mutations between siblings and even identical twins 
suggests that other genes or environmental factors are important [6, 8]. In a study 
by Ferenci et al., it was suggested that the HSD17B13:TA allele may modulate the 
phenotype and outcome of WD by reducing the transition from copper induced 
hemolysis to fulminant WD. Furthermore, it is associated with milder histologi-
cal changes [10]. When testing for mutations of the WD gene ATP7B becomes 
inexpensive and rapid, genetic testing may become the starting point for diagnostic 
investigation [1].

WD has a myriad of clinical presentations, hepatic, neurological, ophthalmic 
and psychiatric, that mimic other conditions. WD may present at any age. Although 
most patients present between ages 5 and 35, the age range is much wider. There are 
cases reported as early as 9 months and as late as the eighth decade [1, 2, 13]. So far, 
the oldest patient in English literature is a 77- year-old Turkish woman [14].

Approximately one half of the patients with WD present with liver disease. In 
the majority of cases, WD manifests its presence during childhood or teenage years 
in the form of liver symptoms [7]. Hepatic symptoms and presentations of WD are 
very variable from asymptomatic cases to cases with overt cirrhosis or with ALF. 
Liver disease may mimic all forms of common liver conditions. All children with 
an apparent diagnosis of autoimmune hepatitis should also be investigated for WD, 
and adults with a presumptive diagnosis of autoimmune hepatitis failing to respond 
rapidly and appropriately to corticosteroid therapy must be carefully evaluated for 
WD. In terms of the rate of progression of the disease, cirrhosis is usually diagnosed 
in the second decade of life, although some individuals do not develop cirrhosis, 
even after the fourth decade of life [15]. Hepatic manifestations usually present 
earlier than neurological symptoms by 5 years. The most common hepatic signs 
and symptoms are jaundice, hepatomegaly and abdominal pain [1]. In a subset 
of patients focal liver lesions may show up, showing with a wide run of imaging 
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psychiatric symptoms are often associated with renal, endocrine, osteoarticular, 
corneal and myocardial disturbances, all related to abnormal copper metabolism 
ending with systemic accumulation of the copper [6, 7].

Ultrastructural findings of WD have also been studied. The mitochondrial 
changes are the most distinctive and pathogenetically significant and include 
heterogeneity of size and shape, increased matrix density, separation of inner from 
outer membranes, enlarged intercristal spaces and various types of inclusions. 
Importantly, ultrastructural mitochondrial changes in WD cannot be considered 
pathognomonic; although exceedingly rare with cholestatic liver disease, such 
changes are found with mtDNA depletion disorders [4, 8].

WD has considerable variation in clinical presentations, the most common ones 
being liver disease and neuropsychiatric disturbances [9]. There is considerable 
phenotypic variation in WD: Some patients present with hepatic disease during the 
first decade of life, some with neurological degeneration in adolescence or adult life, 
with or without overt liver disease. In a study by Ferenci et al., the severity of liver 
disease did not show correlation with the mutation status. Rather, they reported 
that the prevalence of cirrhosis increased with age in pediatric patients. They found 
that hepatic disease was more common among females, whereas neurological 
presentation occurred more frequently in males [10]. The wide range of disease pat-
terns cannot be explained just by different mutations. Environmental, epigenetic, 
and other genetic factors are also contribute pathogenesis of WD [6, 10].

Classically low serum copper and low ceruloplasmin levels with high urinary 
copper content make a triad which is usually associated with WD diagnosis. But this 
triad may be absent or incomplete in 3% of genetically confirmed WD cases [7].

Early diagnosis of WD is important. But it is also important to make the diagno-
sis of WD prior to transplantation. Because organ transplant networks make special 
provision for acute liver failure (ALF) due to WD when considering the urgency of 
transplantation and the terminology relating to acute presentations of liver disease 
become relevant when listing a case of WD [11].

A large variability in the age of onset and in the clinical presentation of WD 
exists. Hepatic manifestations of WD at presentation can be extremely variable, 
and range from asymptomatic hepatomegaly, isolated splenomegaly, persistent or 
intermittent elevation of serum aminotransferases, jaundice, fatty liver or pseudo-
autoimmune hepatitis, acute hepatitis, compensated or decompensated cirrhosis to 
acute liver failure (ALF). The varied clinical manifestations of WD due to patholog-
ical copper accumulation in different organs, even in the early course of the disease, 
often pose a diagnostic challenge [7].

The main therapeutic strategy is using chelating agents, particularly 
D-penicillamine. Liver transplantation (LT) is reserved for patients unresponsive 
to medical therapy or with fulminant hepatic failure. LT for neurological complica-
tions is highly controversial and generally cannot be recommended [8].

2. Pathogenesis and clinical manifestations

Copper is an essential element for cellular function. Dietary copper is absorbed 
in the stomach and duodenum and reaches the liver by the portal vein [1]. Intestinal 
uptake is regulated by the Menkes ATPase (ATP7A). The ATP7A gene is expressed 
in most tissues except the liver. Menkes disease, an X-linked copper deficiency 
disorder, results from mutations in this gene. The abnormal gene in Wilson dis-
ease is ATP7B (the Wilson ATPase) which shows 56% homology to ATP7A [8]. 
It is expressed mainly in the liver but its expression is not restricted to liver cells. 
This data suggests that ATP7B dysfunction might be responsible for the systemic 
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disturbances of copper trafficking in the whole human body [1, 6]. The hepatic 
protein ATP7B encodes a copper-transporting P-type ATPase, transporting cop-
per into the secretory pathway for incorporation into apoceruloplasmin, forming 
ceruloplasmin. ATP7B moves copper into the trans-Golgi network, where cerulo-
plasmin peptide acquires its complement of copper, assumes its folded state and is 
then released into the circulation [12]. Excess is excreted eventually into the bile. 
Without the normal complement of copper, the peptide folds differently and has a 
decreased circulating half-life, leading to a low level of serum ceruloplasmin. Biliary 
excretion of copper is necessary for its homeostasis. When ATPB7 is defective, 
excess copper accumulates in the hepatocytes. Eventually the excess copper exceeds 
the storage capacity causing hepatocellular injury and release of copper into the 
circulation. Most WD patients have a low level of circulating ceruloplasmin which is 
a direct result of defective copper handling in hepatocytes as a result of mutation of 
the ATP7B gene. Free copper is extremely toxic and can produce irreversible cellular 
damage. The functional consequences of pathogenic ATP7B mutation are increased 
intracellular copper levels. This produces oxidative stress and free radical formation 
as well as mitochondrial dysfunction, which results in cell death in the liver, brain, 
kidneys, heart, eyes, and joints. As this disease damages multiple systems at one 
time, it poses a diagnostic challenge [2]. Over 600 gene alteration in ATP7B were 
recognized [6, 12]. The most common ones are single-nucleotide missense and non-
sense mutations, chased by insertions/deletions, and, rarely, splice site mutations. 
H1069Q is the most common mutation around the world, seen in most of the WD 
carriers in Europe and USA, with some absence for this mutation in some countries 
[6]. Correlation of phenotype with specific mutations (genotype) is difficult in 
Wilson disease because the vast majority of affected individuals are compound 
heterozygotes, possessing one copy each of two different mutations. Differences 
in clinical features of various mutations between siblings and even identical twins 
suggests that other genes or environmental factors are important [6, 8]. In a study 
by Ferenci et al., it was suggested that the HSD17B13:TA allele may modulate the 
phenotype and outcome of WD by reducing the transition from copper induced 
hemolysis to fulminant WD. Furthermore, it is associated with milder histologi-
cal changes [10]. When testing for mutations of the WD gene ATP7B becomes 
inexpensive and rapid, genetic testing may become the starting point for diagnostic 
investigation [1].

WD has a myriad of clinical presentations, hepatic, neurological, ophthalmic 
and psychiatric, that mimic other conditions. WD may present at any age. Although 
most patients present between ages 5 and 35, the age range is much wider. There are 
cases reported as early as 9 months and as late as the eighth decade [1, 2, 13]. So far, 
the oldest patient in English literature is a 77- year-old Turkish woman [14].

Approximately one half of the patients with WD present with liver disease. In 
the majority of cases, WD manifests its presence during childhood or teenage years 
in the form of liver symptoms [7]. Hepatic symptoms and presentations of WD are 
very variable from asymptomatic cases to cases with overt cirrhosis or with ALF. 
Liver disease may mimic all forms of common liver conditions. All children with 
an apparent diagnosis of autoimmune hepatitis should also be investigated for WD, 
and adults with a presumptive diagnosis of autoimmune hepatitis failing to respond 
rapidly and appropriately to corticosteroid therapy must be carefully evaluated for 
WD. In terms of the rate of progression of the disease, cirrhosis is usually diagnosed 
in the second decade of life, although some individuals do not develop cirrhosis, 
even after the fourth decade of life [15]. Hepatic manifestations usually present 
earlier than neurological symptoms by 5 years. The most common hepatic signs 
and symptoms are jaundice, hepatomegaly and abdominal pain [1]. In a subset 
of patients focal liver lesions may show up, showing with a wide run of imaging 



Liver Pathology

234

highlights. The lion’s share of focal liver lesions in patients with WD are benign 
nodules, but there are reports that have depicted malignant liver tumors or dysplas-
tic nodules in these patients. Although rare in WD compared to other liver diseases, 
hepatocellular carcinoma occurs in patients of all ages. Cholangiocarcinoma may 
also occur in WD [8].

Neurologic manifestations include tremor, gait disturbances, choreiform 
movements, Parkinsonism or akinetic rigid syndrome i.e., partial parkinsonism, 
dysarthria, pseudobulbar palsy, rigid dystonia, seizures, migraine headaches, and 
insomnia. In WD cohorts, neurological presentation is associated with a signifi-
cantly longer time from onset of symptoms to diagnosis than hepatic presentation, 
ranging from 2.5 to 6 years. In large case series, mean age at onset of neurologic 
problems extends from 15 to 21 a long time of age, a decade after onset of liver 
disease, but a number of patients have been analyzed with a starting neurologic 
onset earlier than age 10 [7]. Psychiatric manifestations encompass depression, 
neuroses, personality changes, psychosis and poor performance at school. It was 
reported that 30—40% of patients have psychiatric symptoms at diagnosis and 20% 
had seen a psychiatrist prior to their WD diagnosis [12]. WD should be ruled out in 
any teenager with unexplained cognitive, psychiatric, or movement disorder [13]. 
Neuropsychiatric signs are the predominant presentation in adults but also may be 
present in up to 50% of teenagers. WD should also be included in the differential 
diagnosis work-up of unclear neuropsychiatric syndromes in patients after age 
60 years [9].

Ocular findings include the Kayser–Fleischer (KF) ring, due to copper accumu-
lation in Desçemet’s membrane, and sunflower cataracts, due to copper accumula-
tion in the lens. They are diagnosed by slit lamp examination. In known cases of 
hepatic WD, the rings are present in just over half of patients. KF rings are usually 
absent in children with liver disease. KF rings are rarely observed in other condi-
tions such as in patients with chronic cholestatic diseases, monoclonal gammopa-
thies, multiple myeloma, arci senilis, and pulmonary carcinoma and are thus not 
specific for WD [1, 7]. Of note, KF rings are not so easy to diagnose without experi-
ence, some authors suggest that anterior segment Scheimpflug imaging (Pentacam, 
Oculus) could be more helpful to diagnose or confirm KF rings by ophthalmologists 
with little experience in patients with WD. In general it is said that when neurologi-
cal symptoms are present, KF rings is present in almost all WD patients at disease 
diagnosis [7]. But there are reports of cases with neurological involvement without 
KF rings [8].

Other presentations and clinical findings are intermittent bouts of jaundice 
caused by haemolysis, gynaecomastia, amenorrhoea, repeated spontaneous abor-
tion, cardiac complications including ECG abnormalities, ventricular fibrillation, 
cardiomyopathy, orthostatic hypotension, urolithiasis, renal tubular disease, 
hypoparathyroidism, pancreatitis and rhabdomyolysis [8].

3. Laboratory findings

Elucidation of some straightforward biochemical tests have been appeared 
to be both touchy and decently particular for WD. Two such records incorporate 
a proportion of alanine aminotransferase (ALT) by aspartate aminotransferase 
(AST), and a proportion of alkaline phosphatase (ALP) by total bilirubin (TB). An 
ALT/AST proportion of more than 2.2 contains a sensitivity of 94% and a specificity 
of 86%; the ALP/TB proportion of less than 4 encompasses a sensitivity of 94% and 
a specificity of 96% [4].
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In Wilson disease, the 24-hour urine copper excretion is usually >100 μg 
(1.6 μmol) and almost always exceeds 40 μg (0.6 μmol). When penicillamine 500 mg 
is administered by mouth at the beginning and 12 h later during a 24-hour urine col-
lection, copper excretion >25 μmoles (1587 μg) per 24 h is taken as diagnostic. This 
test has been validated only in children, and its sensitivity is not as great as originally 
thought [8].

Ceruloplasmin is the major carrier for copper in the blood. Testing for serum 
ceruloplasmin is often done when searching for the cause of unexplained liver 
disease. There are physiologic variations in the serum level of ceruloplasmin. It is 
very low in early infancy to the age of 6 months, peak at higher than adult levels in 
early childhood, and then decrease to the normal adult range [1]. A serum cerulo-
plasmin level < 200 mg/L (<20 mg/dL) has been considered consistent with WD, 
and diagnostic if associated with KF rings. Except WD, conditions such as marked 
renal or enteric protein loss, severe end stage liver disease of any etiology, neuro-
logic diseases copper deficiency, and Menkes disease can show low ceruloplasmin 
levels [1, 7, 13].

Total serum copper (which incorporates non–ceruloplasmin bound copper 
or “free copper” and copper joined in ceruloplasmin) is ordinarily diminished in 
extent to the diminished serum ceruloplasmin. However, in patients with WD with 
extreme liver damage, serum copper may be inside the ordinary extend or uniquely 
hoisted within the setting of ALF due to the discharge of copper from liver tissue 
stores and the increase in free copper in the blood [13]. A novel approach is the 
direct specification of labile copper (non-Cp-bound copper), called interchange-
able copper (CuEXC). It permits to calculate the “relative replaceable copper” 
(REC) which alludes to the proportion of CuEXC to total copper. REC was assessed 
as a convenient diagnostic appliance for WD with a high sensitivity and specifity 
allows the calculation of relative interchangeable copper (REC) that compares to 
the proportion between CuEXC and total serum copper. It is represented that REC 
is a great diagnostic biomarker with a specifity and specificity near to 100% for the 
determination of WD when its value is >18.5%. It allows a separation of Wilsonian 
liver disease from other types of liver disorders such as autoimmune, infectious. 
Moreover, REC can make a great aid to family screening, because it is possible to 
make a distinction between WD patients and heterozygous carriers or healthy 
subjects. The CuEXC value at diagnosis indicates of extrahepatic involvement and 
its seriousness [7]. But further studies are needed to evaluate its diagnostic accuracy 
in children with liver disease [13].

The urine copper shows to the sum of non-ceruloplasmin bound copper within 
the circulation. Urinary copper concentration is measured per 24 h since there’s 
noteworthy changeability within the copper substance of spot urine collections 
for them to be utilized. The customary level taken as demonstrative of WD is 
>100 μg/24 h (>1.6 μmol/24 h) in symptomatic patients [1]. In asymptomatic 
children or children with mild liver disease, urinary copper values are often normal 
[13]. However, high urinary copper values may be seen in other sorts of liver disor-
ders (e.g., autoimmune hepatitis, unremitting active liver disease, or cholestasis and 
in specific during acute liver failure of any etiology). Heterozygotes may too have 
borderline levels [7].

The diagnosis is not fundamentally straightforward indeed even when the 
disease is effectively being considered. In a patient within the age-range 5–50 years 
who has liver disease or characteristic neurological symptoms, finding serum caeru-
loplasmin underneath 5 mg/dL is profoundly compatible with WD; association too 
a Kayser–Fleischer (KF) ring affirms the diagnosis. In nearly one-third of patients, 
serum caeruloplasmin can be within normal limits. As a sole, serum caeruloplasmin 
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highlights. The lion’s share of focal liver lesions in patients with WD are benign 
nodules, but there are reports that have depicted malignant liver tumors or dysplas-
tic nodules in these patients. Although rare in WD compared to other liver diseases, 
hepatocellular carcinoma occurs in patients of all ages. Cholangiocarcinoma may 
also occur in WD [8].

Neurologic manifestations include tremor, gait disturbances, choreiform 
movements, Parkinsonism or akinetic rigid syndrome i.e., partial parkinsonism, 
dysarthria, pseudobulbar palsy, rigid dystonia, seizures, migraine headaches, and 
insomnia. In WD cohorts, neurological presentation is associated with a signifi-
cantly longer time from onset of symptoms to diagnosis than hepatic presentation, 
ranging from 2.5 to 6 years. In large case series, mean age at onset of neurologic 
problems extends from 15 to 21 a long time of age, a decade after onset of liver 
disease, but a number of patients have been analyzed with a starting neurologic 
onset earlier than age 10 [7]. Psychiatric manifestations encompass depression, 
neuroses, personality changes, psychosis and poor performance at school. It was 
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In Wilson disease, the 24-hour urine copper excretion is usually >100 μg 
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who has liver disease or characteristic neurological symptoms, finding serum caeru-
loplasmin underneath 5 mg/dL is profoundly compatible with WD; association too 
a Kayser–Fleischer (KF) ring affirms the diagnosis. In nearly one-third of patients, 
serum caeruloplasmin can be within normal limits. As a sole, serum caeruloplasmin 
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is not an adequate diagnostic test for WD. KF rings are diagnostic, but they can also 
be seen in patients who have persistent cholestasis of other etiology. Lack of KF 
rings happens in around 50% of adult patients with liver disease and hence does not 
run the show out WD. KF rings may not be determined even when there’s neuro-
logical involvement.

4. Histopathology and histochemistry

Liver biopsy is typically performed when clinical and laboratory findings are 
not diagnostic or for evaluation of unexplained liver disease or abnormal liver 
tests. Another aim is to determine the degree of hepatic inflammation and for 
hepatic copper quantitation [1]. The spectrum of hepatic pathological changes 
occurring in WD is very broad, ranging from elementary changes typical of a 
toxic pathology, to inflammatory changes typical of viral or autoimmune etiol-
ogy [6]. The main features are microvesicular and macrovesicular steatosis, 
glycogenated hepatocyte nuclei, inflammation, and variable hepatocellular 
anisonucleosis [16, 17].

The manifestations of liver involvement have a varied spectrum depending on 
the stage of the disease. In the earlier steps, hepatocyte injury may at first manifest 
as simple steatosis (Figure 1) with frequent association of glycogenated nuclei. 
Steatosis, Mallory-Denk bodies (MBDs), lipogranulomas and glycogenated nuclei 
have been represented as characteristic morphologic findings in liver biopsies with 
WD. This picture frequently imitates alcoholic and non-alcoholic fatty liver disease 
[6]. The distinction from nonalcoholic steatohepatitis (NASH) depends upon the 
demonstration of accumulated copper in the hepatocytes by histochemical stains. 
Lipofuscin accumulates in periportal areas, and some of the granules are large, 
irregular in shape and vacuolated. The intermediate stage of the disease shows 

Figure 1. 
Steatosis and anisonucleosis in a hepatectomy specimen (H&E).
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histological features similar to those of chronic hepatitis of any etiology including 
viral or autoimmune hepatitis, with the arrival of the portal and periportal inflam-
mation composed of lymphocytes and plasma cells, which results in the destruction 
of the limiting plate, and parenchymal necrosis followed by bridging fibrosis [4]. 
Because of low-titer autoantibodies (mainly antinuclear antibodies) are commonly 
found in patients with WD, differential diagnosis with autoimmune hepatitis (AIH) 
can be more complicated. Also, cases of WD and concomitant AIH have been 
reported [13]. More than 50% of cases may show the presence of intra-cytoplasmic 
eosinophilic MBDs (Figure 2). The literature suggests that steatosis, glycogenated 
nuclei and MBDs in periportal hepatocytes are features that may be used to distin-
guish the chronic hepatitis of WD from other more common etiologies [1]. In the 
cirrhotic stage which is usually macronodular but can be mixed or even micronodu-
lar, the histologic features are non-specific, and usually little or no inflammation is 
present. Some cases may show mild steatosis or features of steatohepatitis. Clusters 
of large hepatocytes with a granular eosinophilic cytoplasm (oncocytic or oxyphil 
cells), resulting from an increased number of mitochondria, are often seen but this 
is not specific for WD [8]. The distribution of copper is quite variable, with some of 
the cirrhotic nodules containing a lot and others containing little or none. Defining 
widespread copper deposits by histochemistry can help for the diagnosis. It should 
be noted that the distribution of copper is variable: some nodules with prominent 
staining, others with minimal or none (Figure 3). This could generate false negative 
impression in biopsy specimens, and it has been suggested that two liver cores may 
be needed for copper detection and diagnosis. Cases which present with ALF or 
fulminant hepatitis, the histology includes portal and parenchymal inflammatory 
infiltrate, associated with hepatocyte injury, swelling and necrosis. There may be 
massive or submassive necrosis. Copper can be demonstrated in hepatocytes and 
when there has been significant necrosis, in Kupffer cells and portal macrophages 
[1, 8]. In contrast, copper is rarely demonstrable in Kupffer cells or portal macro-
phages in the cirrhotic stage [8].

Excess copper storage in the hepatocytes is a relevant sign of WD, and determi-
nation of hepatic copper content in the liver biopsy, is important in the diagnosis of 
WD. This may be accomplished by utilizing special histochemical stains for copper 

Figure 2. 
Mallory-Denk bodies in a hepatectomy specimen (H&E).
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Figure 4. 
Diffuse cytoplasmic staining pattern (Timm).

which are rhodanine, rubeanic acid and Timm’s silver stains, and for copper related 
protein of which are orcein, aldehyde fuchsin and Victoria blue. None of these 
stains is fully sensitive nor specific. Orcein reveals the accumulation of metallo-
thioneins, the proteins involved in excess copper sequestration. Positive staining 
appears as large irregular granules dark-brown in color. In the Timm’s stained 
slides, if there is mild accumulation copper shows up small black or greenish-black 
granules in the intracytoplasmic perinuclear area or canalicular side of hepatocytes, 
and when there is heavy accumulation, the whole cytoplasm of the hepatocyte 
stuffed with coarse granules. With rhodanine stain copper accumulation appears as 

Figure 3. 
Heterogenous copper accumulation in a hepatectomy specimen (Rhodanine).
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small red granules [1, 6, 8]. Out of granular staining, diffuse cytoplasmic staining 
pattern (Figure 4) can be seen with copper stains, which is frequently reported in 
WD [18].

Figure 5. 
Different sensitivities of copper stains in the same case (A. Timm, B. Rhodanine, C. Orcein).
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small red granules [1, 6, 8]. Out of granular staining, diffuse cytoplasmic staining 
pattern (Figure 4) can be seen with copper stains, which is frequently reported in 
WD [18].

Figure 5. 
Different sensitivities of copper stains in the same case (A. Timm, B. Rhodanine, C. Orcein).
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Figure 6. 
Periseptal copper accumulation in a non WD cirrhosis (Timm).

The most effective method is vary in different reports. In our study with 
transplant hepatectomies, we found that positivity rates of Timm, rhodanine and 
orcein are 85%, 82%, and 48% respectively (Figure 5A-C). We thought that pan-
nodular (prominent diffuse staining of nodule), staining is a powerfull indicator 
of WD. In this context, we suggested that pannodular staining is a more convinc-
ing staining pattern for the histopathologic diagnosis of WD and against other 
diseases with copper accumulation [16]. In our routine practice we do Timm’s stain 
for every liver biopsy and hepatectomy. Next to evaluating copper accumulation 
for diagnosis WD disease, it can help to define late stage fibrosis [18]. It should be 
keep in mind, copper accumulation can be seen in other diseases such as choles-
tatic liver diseases, alcoholic liver disease and idiopathic copper toxicosis [6]. In 
chronic cholestasis and non WD cirrhosis, copper staining is usually limited to 
periseptal areas with a patchy/focal distribution (Figure 6). It is suggested that 
that in the absence of advanced fibrosis (or WD), a positive rhodanine stain for 
copper argues strongly in favor of chronic biliary diseases and against other liver 
diseases [19]. Of note, marked hepatic copper overload mimicking WD has been 
described in children with MDR3 deficiency [8]. It is important to remember that 
negative staining for both copper and copper-associated protein does not exclude 
the diagnosis of WD.

In equivocal cases, measurement of liver copper content is recommended as the 
next step for diagnosis of WD. A 5-fold increase of hepatic copper concentration is 
considered as diagnostic for diagnosis of hepatic WD [5]. In a more strict definition, 
a copper content >250 μg/g dry weight (normal value <50 mg/g dry weight) in adult 
patients without cholestasis is accepted as diagnostic for WD. Probably depending 
on sampling error due to nonhomogeneous copper distribution in the liver, lower 
values are reported in up to 20% of patients with WD. The exactness of liver copper 
estimation is moved forward with an optimal measured biopsy sample (ideally 
>1 cm long, min. 0.5 cm) that ought to be put on a little piece of paper for drying, 
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and in a dry plastic copper-free holder for atomic absorption analysis on fresh tissue 
[13]. Hepatic copper levels in advanced stage chronic biliary diseases in adults and 
children often exceed 250 mg/100 g of dried liver, sometimes reaching levels higher 
than those observed in WD [19]. In spite of the fact that utilize of dried tissue 
has been proposed for tissue copper quantitation, the utilize of formalin-fixed, 
paraffin-embedded (FFPE) tissue is said fair as valuable. Utilizing FFPE tissue 
specimens evacuates the specialized troubles related to dried unfixed tissue, as well 
as gives the same tissue for histopathological and quantitative assessments. Since 
copper accumulation may well be non homogenious indeed even in most progressed 
cases of WD, the availability of light microscopy on the same tissue being evalu-
ated for copper may well be a really valuable tool in mostly tending to this potential 
examining inclination tissue quantitation of copper is subject to [17]. Although liver 
copper content is a useful parameter, but a value below 250 μg/g does not exclude 
WD. Diagnosis requires the combination of a variety of clinical and biochemical 
tests [5].

5. Conclusion

WD is a curable disease, but early diagnosis is essential to stop the progres-
sion to cirrhosis or worsening of the neurological and psychiatric conditions. As a 
treatable disease, WD should be detected by any health professionals at any care 
level. If WD is not recognized and adequately treated, the progression of liver 
disease to cirrhosis and liver failure can be rapid or irreversible brain damage can 
occur. Unfortunately, even though of all advances, the diagnosis of WD shows up 
frequently compelling, due to the variability of its clinical manifestation and to the 
complexity of the microscopic findings within the liver biopsy. Liver histopathol-
ogy, in reality, does not show a unique morphology, but it may appear in different 
patterns. From a pathologist’s perspective, when evaluating the liver biopsies, WD 
should be included in the differential diagnosis especially in pediatric age and also 
cryptogenic adult cases.
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Chapter 13

Towards the Study of Liver Failure: 
Protocol for a 90% Extended 
Hepatectomy in Mice
Maria J. Lizardo Thiebaud, Eduardo Cervantes-Alvarez  
and Nalu Navarro-Alvarez

Abstract

Studies have shown that extended hepatectomy mimics post-hepatectomy liver 
failure (PHLF) and could also be used to study other small-for-flow syndromes. 
Extended hepatectomy can be defined as the removal of more than 70% of liver vol-
ume. At the molecular level, there seems to be a delayed entrance to the cell cycle, 
and thus liver dysfunction ensues. Therefore, there is an imperious need to study 
the mechanisms of such delay to understand how it can be regulated. While the 
classical 70% hepatectomy model to study liver regeneration has been previously 
described thoroughly, there are no protocols describing the surgical procedure for a 
90% extended hepatectomy (90% EHx). Therefore, we here describe a detailed and 
reproducible protocol for such model, defining specific aspects that must be consid-
ered as well as the most common complications and troubleshooting strategies.

Keywords: liver regeneration, 90% extended hepatectomy, liver failure

1. Introduction

Liver regeneration is the process by which lost tissue is replaced through 
compensatory hyperplasia of the remaining healthy tissue [1–3]. The regenera-
tive capacity of the liver has been studied since the early nineteenth century [4], 
when scientists observed changes in liver tissue after surgical procedures. By using 
portosystemic shunts, they first speculated that overall flow was important for liver 
regeneration, and not specifically portal blood flow. Later on, a combined model 
including lobectomies and shunts was used as the main model for liver regenera-
tion [4]. Finally, the acknowledgment that portal blood flow was crucial for liver 
homeostasis gave rise to the “humoral theory,” and with this, the race to find factors 
in the portal blood that promoted liver regeneration began [4].

Most of what we currently know about liver regeneration is thanks to the results 
obtained with surgical models. These models are the most precise, since timing and 
volume removal can be controlled. In fact, the surgical technique for a 2/3 hepatec-
tomy in rats as a model for liver regeneration has been described and perfected since 
first published by Higgins and Anderson in 1931 [5–7]. With advances in anesthesia 
and analgesia, the extension of the 2/3 hepatectomy provides a useful model for the 
study of liver regeneration and liver failure [8–10].
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Studies have shown that extended hepatectomy in rats and mice mimics post-
hepatectomy liver failure (PHLF), as well as other small-for-flow syndromes 
observed in humans, including the small-for-size syndrome (SFSS) seen after 
transplantation [8, 11–14].

PHLF is a syndrome that can result following liver resection for the removal 
of a tumor or in the context of living donor liver transplantation (LDLT). PHLF is 
characterized by postoperative liver dysfunction, with clinical signs of hyperbilirubi-
nemia, coagulopathy, portal hypertension, and ascites [15, 16]. PHLF represents the 
leading cause of mortality post-PHx (>60%), which varies from 0.5 to 8% depending 
on the extent of resection and the quality of the underlying parenchyma [5, 6, 17–19]. 
When assessing parameters for prediction of post-hepatectomy complications, the 
major liver resection has three times more chance of developing PHLF [20].

The precise mechanisms behind PHLF are poorly understood, but it appears to 
depend not only on the quality and the quantity of the remaining liver parenchyma 
[1] but on its ability to surmount the effects of surgical resection. Specifically, the 
tissue must be capable of limiting hepatocyte death, resisting metabolic stress, and 
preserving or recovering an adequate synthetic function [21–25]. For liver regenera-
tion to occur, there must be homeostasis. Preventing liver failure thus enhances 
regeneration [17, 26].

Depending on the quality of the parenchyma, there is a predicted threshold 
of the future liver remnant. This threshold is used to plan extended resections 
[14, 16, 27]. In order for the liver to function correctly and to cover the minimum 
demands of the organism, the total liver volume (TLV) has to be at least 20%, or 
more than 0.5% of the patient’s body weight [16, 18, 19, 28]; otherwise, failure can 
develop. Animal models have the same characteristics, and by using a percentage 
of liver volume removed, one can predict the development of liver failure. In fact, 
several studies have shown that in rodents, acute liver failure (ALF) may develop 
after 90% EHx [8–10]. At the molecular level, there appears to be a delay in the 
entrance to the cell cycle and as a consequence, liver dysfunction [10].

Due to the multifactorial processes involved in these syndromes, animal models 
are important tools to improve our understanding of the pathogenesis of ALF and 
also for the development of new therapeutic approaches. Considering the above, 
challenging the hepatostat with surgical removal of extensive liver volume, 90% 
EHx is a helpful model for the study of acute liver failure in the context of liver 
surgery [19]. Therefore, we here describe a reproducible and detailed protocol for 
the establishment of a surgical liver failure model in rodents through 90% extended 
hepatectomy.

2. Experimental design

When using animals as models, many factors have to be considered as delineated 
as follows.

2.1 Anatomy

The anatomy of the liver in mice differs substantially from that of the humans 
(Figure 1a and b). It measures approximately 1.5–2 × 1 cm and weighs 1–1.5 g [9]. It 
is constituted of four main lobes, the right lobe (RL), the left lobe (LL), the median 
lobe (ML), and the omental or caudate lobe (CL). The RL is divided in the right 
superior lobule (RSL) and right inferior lobule (RIL) (Figure 1a and b). The ML 
is partially divided in half by the gallbladder, whereas the CL is further divided in 
anterior and posterior lobules (Figure 1a and b). Each segment has an attributed 
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percentage of contribution to the total liver volume (TLV), which constitutes the 
basis for the planning of a partial (PHx) or extended hepatectomy (EHx). The ML 
represents 30% of the TLV, with a range between 24 and 28%. The LL represents 
40% of the TLV, with a range between 32 and 36%. The RL represents 24% of the 
TLV, with the RSL and RIL contributing between 12% and 16% each. And lastly, the 
CL represents 6–8% of the TLV.

2.2 Sex, age, timing of surgery, health status, and nutrition of the subjects

In animals, it is known that age and sex affect the liver’s regeneration capacity. 
Compared to young mice, older mice have a reduced capacity of regeneration due to 
decreased growth hormone levels [22]. In regard to sex, female hormones are known 
to affect most of the physiological processes in the body, and the regeneration is no 
exception [29]. Therefore, the preferred characteristics of the subjects are male mice 
with an age ranging from 8 to 14 weeks and a weight more than 20 g [1, 21–23].

The circadian rhythm and glucocorticoids have been demonstrated to have an 
effect on liver regeneration [30, 31]. Specifically, performing the surgery passed 
noon, there seems to be a delay in the regeneration process mediated through 
the differential transcription of wee1, which controls cell cycle proteins, thus 

Figure 1. 
(a) Anatomy of the mouse liver with the relative volume of each lobe, modified from Martins et al. (2007). 
(b) Anatomy of the liver lobes as seen in vivo. The yellow arrow signals the caudate lobe. (c) The surgical 
instruments used in the procedure. (d) Positioning of the mouse on a surgical platform covered by sterile 
covers. The mouse is immobilized with tape. (e) View of abdominal cavity once it is open and appropriately 
uncovered. LL, left lobe; ML, medial lobe; RIL, right inferior lobe.
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disturbing the progression of the cycle. Externally, cortisol levels are known to 
affect DNA synthesis by altering the levels of important enzymes [32]. In fact, it 
has been shown that the combination of adrenalectomy and partial hepatectomy 
enhances liver regeneration [33]. Therefore, depending on the specific objective of 
the study, it is advisable to perform the surgeries in the morning.

The subject’s nutrition and health status may affect liver regeneration, especially 
during the initial phases when hepatocytes are entering the cell cycle [22, 34]. Earlier 
studies have shown that metabolism affects liver regeneration. Indeed, insulin is one of 
the main cofactors for liver regeneration [35]. Despite the fact that insulin aids in the 
process, enhancing insulin secretion through glucose supplementation after partial hep-
atectomy has been shown to decrease liver regeneration [36]. This could be explained by 
the effect glycogen synthesis has in other metabolic pathways in the hepatocyte.

Following 70% of liver tissue removal, glycogen storage is reduced. The animal 
thus develops hypoglycemia, which can be severe enough to cause the animal’s 
demise. To prevent that, supplementation becomes reasonable; however, extrinsic 
glucose affects hepatic fat accumulation. To compensate hypoglycemia, catabolic 
hormones are produced, which aid in proliferation of hepatic tissue. The hepatic 
tissue is oxidizing fatty acids meaning most of the machinery will be concentrated 
either in beta-oxidation or the cell cycle. Introducing carbohydrates (glucose, fruc-
tose, or sorbitol) to the diet is therefore detrimental [34]. The molecular mechanisms 
are still under study. If carbohydrates are combined with other nutrients, including 
lipids or/and amino acids, this effect can be prevented. In fact, supplementing lipids 
or amino acids increases the mitotic activity of cells in a regenerating liver [34].

Likewise, a long-term or short-term low-carbohydrate diet before surgery slows 
down the process of regeneration. A study where mice being fed with a very low-
carbohydrate diet before surgery showed impaired proliferative capacity in hepato-
cytes. The diet consisted of 5.5% of carbohydrate and a 70% of fat without lowering 
caloric intake. Though a low-carbohydrate diet seems to accelerate fat accumulation 
in hepatocytes, other pro-regeneration activities were affected. A stall in the prim-
ing phase of liver regeneration was confirmed as key cytokine RNA levels in liver 
tissue were low, and there was a decrease in phosphorylation of second messengers 
of important mitogenic signaling cascades [37].

In other words, the unique metabolic state in which hepatocytes are found during 
liver regeneration is not to be altered. To favor the regenerative process, only beneficial 
substrates such as amino acids or lipids should be used. With the objective of preventing 
severe hypoglycemia, we recommend adding dextrose before and not after the surgery.

In the same line, it has been shown that selective bowel decontamination for 
gram-negative bacteria reduces the development of PHLF in a rat model [38]. The 
reasoning behind this is based on the fact that during hepatectomy there is signifi-
cant bacterial translocation, which, when in check by the immune system, promotes 
liver regeneration. Keeping an appropriate sterile environment in the animal facility 
thus becomes an absolute requirement.

3. Materials

3.1 Animals

In general, this procedure describes extended hepatectomy performed in 8–14 
weeks of age B57CL/6 male mice. All animal studies have been approved by the 
Universidad Panamericana’s ethics committee (protocol #E1704) and have there-
fore been performed in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments.
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3.2 Anesthesia

The procedure may last less than 30 min in skillful hands, but it may lengthen 
depending on the complexity of the anatomy and the experience of the operator. 
Therefore, in choosing the anesthetic, the best choice is isoflurane (Sofloran Vet) since 
others have been shown to be hepatotoxic [7]. Not only is the recovery with isoflurane 
good, but it is also fast, which helps in evaluating the efficacy of the surgical procedure.

3.3 Analgesia

Analgesia is key to a good surgical procedure. Buprenorphine is the analgesic of 
choice since it has been proven to diminish pain efficiently [39]. About half an hour 
before beginning, a subcutaneous injection of buprenorphine is recommended at 
a dose of 0.05–1 mg/kg, followed by its administration every 8–12 h for the next 
72 h. Meloxicam is a good alternative and has the advantage of being used as a single 
dose/day, compared to the twice daily administration of buprenorphine [39].

3.4 Materials, instruments, and equipment

3.4.1 Materials

• Isoflurane (Sofloran Vet)

• Sterile normal saline (NS) (Baxter ABB1306AE)

• Sterile normal saline with 10% dextrose (D10)

• Iodine (Germisin, Altamirano 027)

• 70% ethanol (Alcohol Luna)

• Sterile wooden cotton swabs (we usually require 4–5)

3.4.2 Sutures

• 4-0 silk suture for the viscera (SOFSILK S-182 USSC sutures)

• 5-0 vicryl for peritoneum closure (Vicryl JP493 Ethicon)

• 5-0 nylon (Mononylon Ethilon P698 Ethicon) for the skin

3.4.3 Standard surgical instruments

• Microsurgery scissors, also known as Iris scissor (Trauma, Lanceta), to cut the 
skin, peritoneum, and the stumps once they are tied (Figure 1c).

• Straight, non-toothed microdissecting forceps (Trauma or Weldon 
Instrumental, Lanceta) to hold the skin and peritoneum.

• Curved, non-toothed microdissecting forceps (Trauma, Lanceta), helps when 
doing the knots on the lobules.

• Retractors (a blepharostat can be used) (Braintree Scientific).
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of important mitogenic signaling cascades [37].

In other words, the unique metabolic state in which hepatocytes are found during 
liver regeneration is not to be altered. To favor the regenerative process, only beneficial 
substrates such as amino acids or lipids should be used. With the objective of preventing 
severe hypoglycemia, we recommend adding dextrose before and not after the surgery.

In the same line, it has been shown that selective bowel decontamination for 
gram-negative bacteria reduces the development of PHLF in a rat model [38]. The 
reasoning behind this is based on the fact that during hepatectomy there is signifi-
cant bacterial translocation, which, when in check by the immune system, promotes 
liver regeneration. Keeping an appropriate sterile environment in the animal facility 
thus becomes an absolute requirement.

3. Materials

3.1 Animals

In general, this procedure describes extended hepatectomy performed in 8–14 
weeks of age B57CL/6 male mice. All animal studies have been approved by the 
Universidad Panamericana’s ethics committee (protocol #E1704) and have there-
fore been performed in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments.
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3.2 Anesthesia

The procedure may last less than 30 min in skillful hands, but it may lengthen 
depending on the complexity of the anatomy and the experience of the operator. 
Therefore, in choosing the anesthetic, the best choice is isoflurane (Sofloran Vet) since 
others have been shown to be hepatotoxic [7]. Not only is the recovery with isoflurane 
good, but it is also fast, which helps in evaluating the efficacy of the surgical procedure.

3.3 Analgesia

Analgesia is key to a good surgical procedure. Buprenorphine is the analgesic of 
choice since it has been proven to diminish pain efficiently [39]. About half an hour 
before beginning, a subcutaneous injection of buprenorphine is recommended at 
a dose of 0.05–1 mg/kg, followed by its administration every 8–12 h for the next 
72 h. Meloxicam is a good alternative and has the advantage of being used as a single 
dose/day, compared to the twice daily administration of buprenorphine [39].

3.4 Materials, instruments, and equipment

3.4.1 Materials

• Isoflurane (Sofloran Vet)

• Sterile normal saline (NS) (Baxter ABB1306AE)

• Sterile normal saline with 10% dextrose (D10)

• Iodine (Germisin, Altamirano 027)

• 70% ethanol (Alcohol Luna)

• Sterile wooden cotton swabs (we usually require 4–5)

3.4.2 Sutures

• 4-0 silk suture for the viscera (SOFSILK S-182 USSC sutures)

• 5-0 vicryl for peritoneum closure (Vicryl JP493 Ethicon)

• 5-0 nylon (Mononylon Ethilon P698 Ethicon) for the skin

3.4.3 Standard surgical instruments

• Microsurgery scissors, also known as Iris scissor (Trauma, Lanceta), to cut the 
skin, peritoneum, and the stumps once they are tied (Figure 1c).

• Straight, non-toothed microdissecting forceps (Trauma or Weldon 
Instrumental, Lanceta) to hold the skin and peritoneum.

• Curved, non-toothed microdissecting forceps (Trauma, Lanceta), helps when 
doing the knots on the lobules.

• Retractors (a blepharostat can be used) (Braintree Scientific).
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• Mayo-Hegar needle holder (Trauma, Lanceta) for suturing the peritoneum 
and skin.

3.4.4 Equipment

• Anesthesia machine/isoflurane vaporizer (SomnoSuite, Low-Flow Anesthesia 
System)

• Surgical bed (Surgisuite Multi-Function Surgical Platform, standard)

4. Methods: recipient anesthesia and peri- and postoperative care

Critical: Administer intraperitoneally or subcutaneously 500 μl of NS+D10 2 h 
before the surgery.

1. Sedate the mice using isoflurane 2–3% for induction and 1% for maintenance.

2. During the surgery, as well as postoperatively, the mouse has to be placed on a 
warm pad, to prevent hypothermia (Figure 1d). After surgery the mice are left 
in the warm pad until they are able to move and stand up without stimuli.

3. Buprenorphine must be administered 30 min before surgery and following a 
schedule (each 8–12 h) for the following 72 h.

4. To prevent dehydration 500 μl of normal saline should be administered intra-
peritoneally or subcutaneously.

5. During follow-up, we use a score to evaluate the status of the mouse as seen in 
Table 1. Though the score was validated in 70% hepatectomized mice, in our 
hands, it has worked well in establishing a prognosis in mice with an extended 
hepatectomy. A score of less than 5 at 6 h and 12 h has a bad prognosis. The val-
ues correlate with serum levels of IL-6, liver enzymes, and histological features 
of regeneration [40]. We also use this score for decision-making. Depending 
on the score, one can consider placing the mouse more time on a warming pad 
as well as euthanizing if the score does not increase after 12–24 h. While regen-
eration will progress as expected in 70 and 85% hepatectomy, a 90% hepatec-
tomy is fulminant and causes acute liver failure and death within 24–48 h.

Category 0 1 2

Activity Stay still
Touch without response 
(TOR)

Stay still
Touch with response 
(TWR, limp away)

Walks free

Fur Wet abdomen and butt/
unkempt fur

Between Dry and neat fur

Body 
posture

Hunched (TOR) Moderate hunched (TWR) Normal stretch

Breath Deep Normal (nonobservable)

Eyes Half-close (TOR) Half-close (TWR) Open and alert

Table 1. 
Mouse body condition score for the major liver resection (taken from Xu et al.).
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4.1 Procedure for extended 90% hepatectomy (timing 40–50 min)

1. Weight the mouse.

2. Following anesthesia induction, the abdomen should be shaved; however, this 
can be done before anesthesia (Figure 1d).

3. Clean the dorsum of the mouse with ethanol before placing it on the surgical 
bed covered with sterile fields.

4. Cleaning of the abdomen must be done with iodine and ethanol 70%.

5. A midline incision is made in two planes (skin and peritoneum). Visibility is of 
critical importance during the procedure. Separation is done with a blepharo-
stat or simple clips as described by Mitchell and Willenbring [31].

6. Start by visualizing the full anatomy of the liver (Figure 1b and e).

7. Once the liver is visualized, the falciform ligament may be cut.

Caution: The falciform ligament must be cut carefully and not too close to the 
diaphragm since the fascia can be cut, causing a hole in the pleural cavity.

8. Next, the first lobe to be removed will be the median lobe (Figure 2a–c). By 
using cotton swabs, mobilize the median lobe upward (toward the diaphragm), 
and place a silk suture under it (Figure 2a).

Figure 2. 
For the removal of the ML, (a) the suture is accommodated leaving several centimeters from the base of the 
medial lobe. The lobules are cut separately. (b) The right ML is cut first as it is the most visible of the two. 
(c) The left ML is cut last, making sure not to perforate the gallbladder. (d) The suture is accommodated 
surrounding the LL. (e) The LL is excised. (f) The stump and a well-perfused caudate lobe are visualized.
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4.1 Procedure for extended 90% hepatectomy (timing 40–50 min)

1. Weight the mouse.

2. Following anesthesia induction, the abdomen should be shaved; however, this 
can be done before anesthesia (Figure 1d).

3. Clean the dorsum of the mouse with ethanol before placing it on the surgical 
bed covered with sterile fields.

4. Cleaning of the abdomen must be done with iodine and ethanol 70%.

5. A midline incision is made in two planes (skin and peritoneum). Visibility is of 
critical importance during the procedure. Separation is done with a blepharo-
stat or simple clips as described by Mitchell and Willenbring [31].

6. Start by visualizing the full anatomy of the liver (Figure 1b and e).

7. Once the liver is visualized, the falciform ligament may be cut.

Caution: The falciform ligament must be cut carefully and not too close to the 
diaphragm since the fascia can be cut, causing a hole in the pleural cavity.

8. Next, the first lobe to be removed will be the median lobe (Figure 2a–c). By 
using cotton swabs, mobilize the median lobe upward (toward the diaphragm), 
and place a silk suture under it (Figure 2a).

Figure 2. 
For the removal of the ML, (a) the suture is accommodated leaving several centimeters from the base of the 
medial lobe. The lobules are cut separately. (b) The right ML is cut first as it is the most visible of the two. 
(c) The left ML is cut last, making sure not to perforate the gallbladder. (d) The suture is accommodated 
surrounding the LL. (e) The LL is excised. (f) The stump and a well-perfused caudate lobe are visualized.
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Caution: Cotton swabs are used instead of forceps since the tissue is fragile and 
bleeds easily.

1. Once that is accomplished, return the lobe to its original position with the 
 cotton swab.

2. There is no need of dissecting the different vessels.

3. Tie the knot at the base of the lobe, making sure to leave enough remnant in the 
stump as knots that are too close to the base can damage the circulation in the 
inferior vena cava and suprahepatic veins, compromising the rest of the lobes 
(Figure 2a).

Critical step: One good reference of how long the stump must be is the origin of 
falciform ligament or the gallbladder.

Troubleshooting: if the stump is too big, the functional volume will not be as 
accurate.

4. As the knot tends to slide downward, which increases the remnant tissue, one 
must make sure that the ends are well placed as described in step 10 before 
 tying the knot.

Critical step: To accommodate the ends of the silk suture along the borders of the 
lobe, pull carefully the lobe downward with a cotton swab.

Critical step: Afterward, double-check the tightness of the knot manually.

1. Subsequently, the ends of the suture are cut.

2. Upon noticing a change of color in the sutured lobe, the lobe to be resected can be 
held with forceps and then cut with the microsurgery scissors (Figure 2b and c).

Caution: Care must be taken not to cut through the gallbladder as the bile is toxic 
to tissues of the abdominal cavity. A good advice is to cut the portions separately.

Caution: Once tied, the resection of the lobes needs to be done with extreme 
caution, since the knot can be cut unintentionally.

Critical step: Remember to always check for hemostasis.

3. The next lobe to be resected is the left lobe, as shown in (Figure 2d–f). Follow-
ing the same technique as for the median lobe, lift the lobe toward the dia-
phragm with a cotton swab to place a silk suture under it, return the lobe to its 
original position, and tie the knots strong enough to avoid bleeding. Be careful 
not to section the liver.

Critical step: Always separate the left lateral lobe from the caudate lobe as some-
times there is a ligament that unites them both.

4. After tying the knots and cutting the edges, resect the lobe leaving only the 
required remnant (Figure 2e–f).

Caution: Once tied, the resection of the lobes needs to be done with extreme 
caution, since the knot can be cut unintentionally.

Troubleshooting: If the stump is too big, the functional volume will not be as 
accurate.
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1. After resecting the median lobe and the left lateral lobe, the right inferior 
lobule is visible. To increase visualization, the intestines may be moved outside 
the abdominal cavity with a cotton swab. We recommend placing them within 
a wet gauze to prevent the intestines from drying (Figure 3a).

2. When visualized, the inferior right lobe is moved toward the inferior vena cava 
with a cotton swab to place the silk suture under it. The silk suture is accom-
modated parallel to the lobule (Figure 3b).

3. Once that is done, replace the lobule over the silk suture using a cotton swab.

Critical step: The knot must be made using very fine forceps as tying it tends to 
move the lobule out of the knot (Figure 3c).

1. Four to five knots have to be placed as described above.

2. The ends of the silk suture are cut.

3. Once the lobule changes color, one can proceed to cut it (Figure 3d and e).

Caution: When resecting the right lobe, one must place the suture with diligence, 
making sure not to touch the kidney.

Caution: Once tied, the resection of the lobes needs to be done with extreme 
caution, since the knot can be cut unintentionally.

Caution: Sites of bleeding need to be identified.

1. Notice that if one leaves the superior right lobule together with the caudate 
lobe, approximately 22–24% of hepatic volume can be left, thus becoming a 
partial hepatectomy of 82–86%.

2. The last lobule left to be removed is the superior right lobule (Figure 4). This is 
technically difficult since it is located deep within the vault of the diaphragm. 
The use of clips reduces the technical difficulty.

3. When using silk sutures, we recommend doing the knot outside the cavity 
(Figure 4a). Once this is done, with a swab the superior right lobule is moved 
toward the inferior vena cava (Figure 4b), rapidly placing the silk suture knot 
parallel to it. With the swab, one locates the lobule within the knot.

Critical step: As mentioned before, the knot must be tied using forceps with very 
fine tips and within the abdominal cavity (Figure 4c and d).

1. The first knot does not have to be tight; the second one must be tightened 
with the fingers, applying as much force as possible.

2. The lobule can be cut once it changes color (Figure 4e).

Caution: The resection of the lobes needs to be done with extreme caution, since 
the knot can be cut unintentionally.

3. After hemostasis is reassured (Figure 4f), the abdominal cavity can be closed.

Caution: Always check for perfusion of the caudate lobe, as seen in Figure 4g.
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1. After resecting the median lobe and the left lateral lobe, the right inferior 
lobule is visible. To increase visualization, the intestines may be moved outside 
the abdominal cavity with a cotton swab. We recommend placing them within 
a wet gauze to prevent the intestines from drying (Figure 3a).
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Critical step: The knot must be made using very fine forceps as tying it tends to 
move the lobule out of the knot (Figure 3c).
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Caution: Once tied, the resection of the lobes needs to be done with extreme 
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1. Notice that if one leaves the superior right lobule together with the caudate 
lobe, approximately 22–24% of hepatic volume can be left, thus becoming a 
partial hepatectomy of 82–86%.

2. The last lobule left to be removed is the superior right lobule (Figure 4). This is 
technically difficult since it is located deep within the vault of the diaphragm. 
The use of clips reduces the technical difficulty.

3. When using silk sutures, we recommend doing the knot outside the cavity 
(Figure 4a). Once this is done, with a swab the superior right lobule is moved 
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fine tips and within the abdominal cavity (Figure 4c and d).

1. The first knot does not have to be tight; the second one must be tightened 
with the fingers, applying as much force as possible.

2. The lobule can be cut once it changes color (Figure 4e).

Caution: The resection of the lobes needs to be done with extreme caution, since 
the knot can be cut unintentionally.

3. After hemostasis is reassured (Figure 4f), the abdominal cavity can be closed.

Caution: Always check for perfusion of the caudate lobe, as seen in Figure 4g.
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Critical step: We recommend suturing the peritoneum separately from the skin 
(Figure 5). This helps prevent evisceration as mice tend to remove the stitches.

1. The peritoneum is closed with an absorbable suture like 5-0 vicryl or PDS,  using 
a running suturing technique to keep tension at the closure (Figure 5b and c).

2. The skin is closed with 4-0 nylon using a simple interrupted suturing technique 
or clips (Figure 5d–f).

Figure 4. 
For removal of the RSL, (a) the knot is made outside the peritoneal cavity and (b) is positioned carefully 
around the lobule with the help of the forceps. (c) The knot is tightened with the forceps inside the peritoneal 
cavity. (d) If the correct force is applied, the silk suture does not cut through the tissue, and no bleeding is 
seen. (e) The lobe is removed carefully. (f) The remaining stumps within the cavity is shown. (g) The only 
remaining lobe will be the caudate lobe.

Figure 3. 
(a) For the extirpation of the RL, evisceration must be made, and the intestine should be covered by a wet 
gauze. (b) The silk suture is placed beneath the RIL. (c) The knot is carefully tightened. (d) The lobe is excised. 
(e) A forceps can be used to remove the excised tissue.
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5. Troubleshooting

One important aspect of every surgical procedure is the anesthesia. Incorrect 
dosing can be fatal to the subject. Weighting the animal and calculating the anes-
thetic correctly are crucial.

Following the steps of the procedure, using the adequate number of silk suture, 
is important as thinner sutures can cut the tissue when tying the knot. This pro-
duces unwanted bleeding.

As to the knot, inadequate tying and incorrect placement may complicate the 
procedure. If the knot is not tight enough after excision of the tissue, the bleeding 
can be very profuse and difficult to stop. In competent hands, a second knot can 
be placed. This stops the bleeding. Sometimes, the bleeding is not noticed until 
the animal dies after 12–24 h of the procedure. The main cause of death is usually 
internal bleeding due to technical errors with the knot.

As mentioned before, if the knot is placed at the median lobe too proximate to 
the inferior vena cava, the perfusion of the remnant lobe is compromised. In this 
case, perfusion of the caudate lobe (Figure 6) indicates that the EHx becomes a 
full hepatectomy. The under-perfused tissue will not be able to enter the process of 
regeneration before acute liver failure establishes.

The stump volume is important in achieving a real EHx. If the stump volume 
is too big, not only will the animal be left with a caudate lobe, it will also be left 
with a partial lobe, whether it is the median, the left, or the right lobe. The only 
way to notice this is after the surgery, as the animal will show clinical features of 
liver failure. If liver failure does not develop, that means the model failed and more 
remnant tissue was left in place than the actual 10% that was supposed to be left for 
a 90% EHx.

A summary of the main complications and errors is found in Table 2.

Figure 5. 
(a) Apposition of the borders of the peritoneum is made before beginning the suture of the incision. (b) A 
simple continuous suture is made on the peritoneum lining. (c) The suture is performed from proximal to 
distal. (d) The skin is sutured with simple interrupted sutures, (e) from the xiphoid process to the pelvis area. 
(f) The space between the sutures must be even.
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is too big, not only will the animal be left with a caudate lobe, it will also be left 
with a partial lobe, whether it is the median, the left, or the right lobe. The only 
way to notice this is after the surgery, as the animal will show clinical features of 
liver failure. If liver failure does not develop, that means the model failed and more 
remnant tissue was left in place than the actual 10% that was supposed to be left for 
a 90% EHx.

A summary of the main complications and errors is found in Table 2.

Figure 5. 
(a) Apposition of the borders of the peritoneum is made before beginning the suture of the incision. (b) A 
simple continuous suture is made on the peritoneum lining. (c) The suture is performed from proximal to 
distal. (d) The skin is sutured with simple interrupted sutures, (e) from the xiphoid process to the pelvis area. 
(f) The space between the sutures must be even.



Liver Pathology

256

6. Quantifying results

6.1 Liver regeneration

To assess liver regeneration, the liver-to-body weight ratio (LBWR) can be cal-
culated by considering the weight of the animal after the surgery and weight of the 
remnant lobe (the caudate lobe). The stumps are not considered in the ratio unless 
the stumps made were too big and have regenerated. The LBWR tells the volume of 
regenerated tissue in proportion to the body. As mentioned before, the liver has a 
hepatostat, and thus the body weight has to be considered.

For the assessment of mitosis in liver samples, a basic H&E or an immunohisto-
chemistry against Ki-67 or bromodeoxyuridine (BrdU) can help count the number 

Figure 6. 
After resection of the median lobe, when tying too high toward the inferior vena cava, the hepatic circulation is 
affected as seen in the color acquired by the CL.

Troubleshooting Step Problem Possible reason Solution

Death during 
procedure

17–25 Bleeding Tightness of knot Use forceps to tie knot first 
proximal to the tissue, deep 

within the cavity

Death in less than 
24 h

8–25 Bleeding Tightness of knot Ensure tightness of knot 
manually

Avoid cutting through the knot

More than 48-h 
survival

8–25 Survival Stump volume Cut enough tissue as to 
approximate the % of functional 
liver volume you want to resect

Bad perfusion of 
caudate lobe

8–13 Fulminant 
hepatic 
failure

Knot made too high 
upon the hilum of 
the median lobe

Use the gallbladder as reference 
for doing the stump; leave at 

least 2 mm of stump

Table 2. 
Troubleshooting.
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of replicating cells. Mitotic cells are identified by the condensation of the chromatin 
and loss of nuclear membrane. Identifying the late phases of mitosis is much easier. 
Quantifying the positivity of cells to Ki-67 reflect that these cells are in the cell cycle. 
Ki-67 is known to modulate most of the phases in the cell cycle but has its peak when 
the cell reaches the mitosis phase. Bromodeoxyuridine assay works by administering 
intramuscularly a dose (50 mg/kg) of BrdU to the animal before sacrifice. BrdU is an 
analogue of thymidine, and as such it becomes incorporated to the DNA. When an 
antibody against BrdU is used, cells that are in the S phase or beyond can be identified.

6.2 Liver failure

To assess liver failure in the live animal, the quantification of liver enzymes 
through colorimetric assays is helpful. Clinical assessment is sensible. As described 
above, the value of the mouse body condition score after the major liver resec-
tion can predict the outcome of the procedure [40]. A score less than or equal to 5 
measured consecutively within 24 h post-hepatectomy correlated with increased 
levels of liver enzymes, pro-inflammatory cytokines, and decreased regeneration 
measured through ki-67 staining in liver tissue.

In the dead animal, the LBWR is key to assess the degree of regeneration, which is 
inversely proportional to liver dysfunction. Once the tissue is procured, microscopically, 
steatosis is a hallmark of liver failure (Figure 7). On the other hand, the calculation of 
the survival rate helps predict the hours an animal with liver failure is able to survive.

Biomarkers can be developed to assess the possibility of liver regeneration or 
liver failure. Nonetheless, the value of these biomarkers will depend on the exis-
tence of therapeutics to enable regeneration or prevent liver failure. Thus, there 
is a need of using surgical models to study these payoffs, which are two factual 
extremes of a method frequently used in clinical practice.

7. Conclusions

We have here described a reproducible mouse model for a 90% extended hepa-
tectomy which mimics closely small-for-flow syndromes and thus an important 
acute liver failure scenario. Even though the obvious problem in this setting and 

Figure 7. 
Tissue slide stained with H&E showing steatosis and a necrotic area in a sample of the liver 24 h 
post-hepatectomy.
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the objective of this extended hepatectomy model is to severely reduce liver mass, 
which describes the term small for size, liver dysfunction is now increasingly rec-
ognized to occur due to a small-for-flow syndrome [41–43]. As Golriz and authors 
suggest, the appropriate term for this syndrome should be small for size and flow 
[44]. The critical turning point in the understanding of this phenomenon is that 
portal flow to the remaining liver mass or liver graft is excessive, leading to histo-
pathological consequences including sinusoidal endothelial denudation, periportal 
hemorrhage, arterial vasospasm, portal vein thrombosis, and biliary strictures 
[45, 46]. Considering the physiopathology that originates this type of acute liver 
failure, it has been experimentally demonstrated that interventions aimed to reduce 
portal overpressure such as the use of vasoconstrictors or splenic artery ligation 
have positive effects on liver regeneration and hepatocellular viability [41, 42]. In 
the clinical setting, Kaido and authors have successfully lowered the limit of graft-
to-recipient weight ratio to 0.6% in adult-to-adult living donor liver transplantation 
by maintenance of an intraoperative final portal pressure below 15 mmHg, which 
may involve ligation of portosystemic shunts or even splenectomy [43]; it is worth 
noting that traditionally the minimum ratio considered as safe for liver transplanta-
tion or resection is 0.8%, based on a study where probability of graft survival at 
90 days is less than 54% [47].
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Liver Assist Devices for Liver 
Failure
Amrendra Kumar Mandal, Pavani Garlapati, 
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Abstract

Historically, mortality rates for liver failure have been high, regardless of the 
type. With new advancements in liver transplantation (LTx), 1-year survival rates 
have improved up to 95% in most recent estimates. While some patients may live 
past the critical period, the majority of patients do not survive the interval period 
for awaiting LTx or liver regeneration. The function of the liver to detoxify and 
correct several biochemical parameters has been achieved to some extent through 
artificial liver support technology, although constant innovations are still being 
developed for the most optimal liver support device. The complex function of the 
liver makes it challenging since it does not only detoxify toxic by-products but also 
participates in numerous other synthetic and metabolic functions of the body. 
Liver support systems are divided into an artificial liver assist device (ALD) and 
a bioartificial liver assist device (BLD). ALDs include molecular adsorbent recir-
culating system (MARS), Prometheus, single-pass albumin dialysis, and selective 
plasma filtration therapy. These devices work as a blood purification system of the 
liver. On the other hand, BLD has hepatic cell lines incorporated in its equipment, 
which aims to function as a complex biological liver system providing support to 
its biochemical processes. Several clinical and randomized trials have conflicting 
results on the survival of the patients with acute liver failure (ALF), and the ideal 
liver support system still seems a far-off goal.

Keywords: liver failure, liver assist devices, bioartificial liver assist device,  
artificial liver assist device

1. Background

In the last decade, liver-related deaths have been steadily increasing. In 2016, 
it was responsible for more than one million deaths across the world [1]. ALF is 
defined as a rapid onset deterioration of liver function with coagulopathy and 
onset of encephalopathy of a previously healthy individual. It can be further 
classified into hyper-acute, acute, and sub-acute according to the O’Grady system 
of classification. The clinical manifestation includes jaundice, encephalopathy, and 
hematemesis or melena; however, unlike chronic liver disease, ascites and portal 
hypertension are rarely seen. The common etiologies include acute viral hepatitis, 
drug-induced liver injury, and ischemic hepatocellular injury. High mortality rates 
are associated with ALF [2]. Supportive therapy options are limited in the interim 
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between the development of ALF until liver function improves/or the patient 
undergoes liver LTx. Due to limited organ availability for patients waiting for LTx, 
and the rapid deterioration of a patient with ALF, the mortality rate approaches 
approximately 50% [3, 4].

Numerous studies are ongoing in an attempt to delay or prevent the need for LTx 
in patients with ALF. Artificial hepatic assist devices, auxiliary liver transplanta-
tion, a liver dialysis system, and xenotransplantation are the most sought-after 
therapeutic options. Several liver assist devices (LAD) have been manufactured 
since the 1990s on the pathophysiological basis of albumin dialysis, the best-known 
being the following: the molecular adsorbent recirculating system (MARS), single-
pass albumin dialysis system (SPAD), and the fractionated plasma separation and 
adsorption system –FPSA (Prometheus). These systems remove the albumin-bound 
toxins that accumulate in liver failure. Older techniques previously were not able 
to remove these toxins and maybe the reason for the ineffectiveness of tradition-
ally designed devices. The knowledge gained from these provided a platform for a 
better understanding of newer LADs, to perform the liver’s functions more effec-
tively. LADs facilitate the removal of water-soluble substances, such as ammonia, 
urea, and other smaller proteins, such as some cytokines, by standard dialysis [3]. 
Removal of these cytokines and other identifiable inducers of hepatic encephalopa-
thy (HE), such as amino acids (e.g., tryptophan or glutamine), reduces the grade 
of HE and consequently reduces complications of liver failure [5]. Furthermore, 
they function to remove conjugated or unconjugated bilirubin, protoporphyrin, bile 
acids, glycoside derivatives, phenols, short- and medium-chain fatty acids, such as 
octanoate, or heterocyclic organic compounds. In one study, removal of plasmatic 
nitric oxide (NO) and some pro-inflammatory and anti-inflammatory cytokines 
lead to the improvement of clinical conditions of HE, renal and respiratory func-
tion, and hemodynamic derangement and subsequent sequential organ failure [6].

LAD designed to treat patients with ALF are classified into two main categories: 
non-cell-based systems, including plasmapheresis, plasma exchange, albumin 
dialysis, and charcoal-based hemadsorption, and systems that incorporate hepatic 
tissue (bioartificial liver support systems) [7, 8].

In the last decade, a significant shift in the development of these devices has 
emerged. The utility and efficacy of these new LADs are currently being evaluated 
in the clinical setting.

1.1 Types of liver support systems

Liver support systems are divided broadly into two categories: biological and 
mechanical. Artificial or mechanical liver support consists of artificial and bio-
artificial systems. Two artificial systems, the MARS, and the SPAD, clear selected 
toxins; however, they provide no synthetic support, nor do they improve survival in 
a randomized clinical trial (RCT) [9].

Biological systems combine the functional potential of hepatocyte incorporation 
with that of hemodialysis, enabling non-invasive, continuous treatment for patients 
with ALF. Regardless of their safety and cost-effectiveness, they do not improve 
portal hypertension or portosystemic shunting [9].

1.2 Artificial liver support devices

1.2.1 Molecular adsorbent recirculating system (MARS)

MARS was developed in 1990 and is the most widely published and clinically 
used artificial liver support system (Figure 1). The method is based on two basic 
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principles: protein-binding affinity and solute movement, which acts along the 
concentration gradient [10]. The combination of conventional dialysis against 
an albumin dialysate is utilized, followed by a traditional procedure of dialysis 
to remove the toxins from the dialysate [11]. It is composed of a blood circuit, an 
albumin circuit (containing 60 ml of 20% human albumin, charcoal column, and 
an anion exchange column with cholestyramine), and a traditional “renal” dialysate 
circuit as shown in Figures 2–3. Blood is passed through an albumin-incorporated 
high-flux dialysis membrane into which hydrophobic water-soluble and protein-
bound toxins are released. The removal of toxins eventually takes place through the 
diffusion process, which depends on the free toxin level (mainly affected by the 
molar ratio of a toxin to albumin). The albumin dialysate is then recycled and is able 
to accept further toxins until both columns are saturated, eliminating the need for 
continuous infusion of albumin.

MARS can also eliminate cytokines and modify the inflammatory response 
involved in liver failure. Cytokines have been implicated in the development of 
HE, systemic inflammatory response syndrome (SIRS), vasodilation, and multiple 
organ failure. These proteins mediate hepatic inflammation, cholestasis, and 
liver cell necrosis and apoptosis [12]. Furthermore, studies have shown signifi-
cant removal of some pro-inflammatory cytokines when using MARS, such as 
TNF-α, interleukin-6, and interleukin-1 β, and anti-inflammatory cytokines, 
such as interleukin-10 [13]. However, other studies were unable to demonstrate 
an effective change in the plasma cytokine concentration in patients with liver 
failure, possibly due to the high rate of its production [14]. Donati et al. showed 
269 patients treated with MARS with no effect on cytokine plasma levels but a 
significant rise in hepatic growth factor concentration (enhances liver regenera-
tion) [15]. In another study, Dominik et al. demonstrated some beneficial results 
in an in vitro study, where MARS improved the elimination of some cytokines 
with more extensive pore membranes, which could be attributed to optimizing the 
cytokine plasma profile of patients [16]. Ultimately, the precise roles of differ-
ent cytokines in the pathophysiology of liver failure and the influence of MARS 
on cytokine profiles are yet to be understood and could be an exciting topic for 
further research.

Figure 1. 
Molecular adsorption recirculation system (MARS). Adapted from https://www.slideshare.net/tyfngnc/
salon-a-17-kasim-2011-1410-1430-ender-egedik.
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Interestingly, some authors have been exploring other active substances that can 
also be eliminated by MARS. In one study, Gay et al. demonstrated that in patients 
with cholestasis and pruritus, the proteins dialyzed and then absorbed in the anion-
exchange resin cartridge of MARS showed elimination of some biologically relevant 
proteins, such as secreted Ly6/uPAR-related protein-1 (SLURP1) or defensin 
human neutrophil peptide-1 (HNP-1), which are involved in the inflammatory and 
defensive processes [17].

When using MARS, particular attention should be given to the monitoring of 
some critical drugs during treatment, such as fluoroquinolones and meropenem, 
with dose adjustments done to ensure therapeutic levels.

Figure 2. 
Cartridges in MARS. Adapted from Tawada Healthcare | Gambro Equipment Supplier.

Figure 3. 
Schema of the operating principle in MARS. Adapted from Karla et al. Extracorporeal liver support devices 
for Listed patients. Liver Transplantation 22839–8482016 AASLD.
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Anticoagulation during MARS is also essential to consider issue since there is a 
delicate hemostatic balance that needs to be maintained in patients with liver failure 
who are at high risk of bleeding. The most used drug in practice is unfractionated 
heparin, but there are some concerns regarding hemorrhagic risk and heparin-
induced thrombocytopenia. Also, some studies have explored the use of continuous 
extracorporeal systems without anticoagulation and have found a comparable cir-
cuit lifespan [18]. The anticoagulant-free approach may also be a reasonable option 
in patients with a high risk of bleeding. Citrate has been shown to be safe with 
longer treatment time, preventing filter loss [19]. However, its regular use needs 
to be validated in an RCT. Unfractionated heparin is the anticoagulant of choice in 
most clinical trials, but some studies have also used local citrate anticoagulation, 
with no reported adverse effects [19].

Technical issues have also been raised about the stability of the binding proper-
ties of albumin after passing the adsorber columns or about the clinical relevance 
of some stabilizers (such as octanoate) used in commercially available albumin 
preparations [20]. However, there are no definitive conclusions, and these issues 
should be addressed in further studies.

Regarding clinical outcomes, mostly retrospective studies were published in 
the first years following the debut of MARS. Most of them showed usefulness 
in the treatment of HE, and some even demonstrated improvement in terms of 
hemodynamic parameters. The few RCT evaluating survival showed conflicting 
results [21, 22]. These trials included studied a few patients diagnosed with acute-
on-chronic liver failure. In a recent study of 27 patients who received MARS therapy 
for severe ALF, survival rate was 60% (n = 3/5) for patients with severe liver trauma, 
78% (n = 7/9) for patients who used MARS as a bridge to transplantation, and 67% 
(n = 6/9) when MARS was used as definitive therapy for toxic ingestion or idiopathic 
liver failure [23].

Lastly, MARS has led us to discover its benefit in drug-induced liver injury 
(DILI) cases [24]. Statistically speaking, about 50% of cases of ALF are likely due 
to DILI in the United States [25, 26]. The standard of medical therapy (SMT) is 
the withdrawal of offending drugs and supportive therapy [27]. A review of the 
literature indicates several cases of reports of DILI involving several drugs. The 
most common offending drugs are acetaminophen, nonsteroidal anti-inflammatory 
drugs, isoniazid, and amoxicillin/clavulanate [28]. However, there are several 
potential hepatotoxic agents of DILI leading to ALF [29–31].

1.2.2 Fractionated plasma separation and adsorption—FPSA (Prometheus)

Falkenhagen et al. described the first method of FPSA for the use of ALF 
[32]. The device is shown in Figure 4. Prometheus uses endogenous albumin to 
pass through the circuit using the AlbuFow filter (molecular cut-off of 250 kDa) 
(Figure 5). Albumin is reactivated and returned to circulation using a neutral 
resin adsorber (Prometh 01) and an anion-exchange column (Prometh 02). 
Subsequently, the patient’s blood then passes through a second circuit, where it is 
treated by conventional high-flux hemodialysis, eventually returning blood to the 
patient.

During the first decade of its use in the market, Prometheus showed better 
efficacy than MARS for both in vitro and in vivo trials in removing ammonia, 
bilirubin, or bile acids [33]. In 2009, Grodzicki et al. also showed a significant 
decline in serum ammonia, bilirubin, aspartate aminotransferase, alanine ami-
notransferase, urea, and creatinine with the use of Prometheus in patients with 
ALF [34]. Furthermore, Rifai et al. showed a decline in almost all 26 of the amino 
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literature indicates several cases of reports of DILI involving several drugs. The 
most common offending drugs are acetaminophen, nonsteroidal anti-inflammatory 
drugs, isoniazid, and amoxicillin/clavulanate [28]. However, there are several 
potential hepatotoxic agents of DILI leading to ALF [29–31].
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Falkenhagen et al. described the first method of FPSA for the use of ALF 
[32]. The device is shown in Figure 4. Prometheus uses endogenous albumin to 
pass through the circuit using the AlbuFow filter (molecular cut-off of 250 kDa) 
(Figure 5). Albumin is reactivated and returned to circulation using a neutral 
resin adsorber (Prometh 01) and an anion-exchange column (Prometh 02). 
Subsequently, the patient’s blood then passes through a second circuit, where it is 
treated by conventional high-flux hemodialysis, eventually returning blood to the 
patient.

During the first decade of its use in the market, Prometheus showed better 
efficacy than MARS for both in vitro and in vivo trials in removing ammonia, 
bilirubin, or bile acids [33]. In 2009, Grodzicki et al. also showed a significant 
decline in serum ammonia, bilirubin, aspartate aminotransferase, alanine ami-
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ALF [34]. Furthermore, Rifai et al. showed a decline in almost all 26 of the amino 
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acids measured in nine patients with liver failure with a single treatment session. 
Prometheus is also hypothesized to improve the complications of HE due to the 
removal of amino acids such as glutamine, phenylamine, tyrosine, and tryptophan, 
which all have been noted to be contributing factors to HE, and thus, may help 
to improve outcomes in patients with liver failure [35]. In an experimental study 
of ALF by Ryska et al., Prometheus showed a significant decrease in intracranial 
pressure (ICP) in pigs to that of the control group (24 mmHg versus 29.8 mmHg, 
respectively, p < 0.05) suggesting that its use in the removal of amino acids in that 
contribute to the development of HE [36].

Rosen et al. also showed a significant reduction in most cytokines and tumor 
necrosis factor with Prometheus, potentially highlighting its possible role in the 
treatment of liver failure [37, 38]. Despite showing this drastic decrease, no other 

Figure 4. 
Fractionated plasma separation and adsorption—FPSA (Prometheus). Adapted from http://dialize.lv. Slokas 
iela 84-1A, Rīga, LV-1007.
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improvement was seen aside from improvement of HE clinically. There was also note 
of a significant surge in hepatocyte growth factor (HGF) concentration, which stimu-
lates liver regeneration. Similar to MARS, there was no significant impact shown in 
the cytokine profile, and further research needs to be done in this area of study.

In terms of survival and clinical outcomes, Laleman et al. published an article 
comparing SMT with MARS and Prometheus in a patient with acute-on-chronic 
liver failure and it showed MARS to have better outcomes in terms of hemodynamic 
parameters (mean arterial pressure, stroke volume, systemic resistance) [38]. 
Dethloff et al. also revealed similar findings in the improvement of mean arterial 
pressure in patients with decompensated liver cirrhosis with the MARS session as 
opposed to Prometheus and conventional hemodialysis [39]. Both of the modalities 
(MARS and Prometheus) decrease cytokines and inflammatory markers; however, 
there is no exact explanation for these hemodynamic changes.

Kribben et al. in 2012 conducted a multicentric RCT (HELIOS study) compar-
ing Prometheus versus SMT in 145 patients with acute-on-chronic liver failure; the 
primary endpoints are survival at 28 days and 90 days [19]. The overall survival of 
the Prometheus group compared to the SMT group was 47% versus 38% but did not 
show any statistical significance.

In the subgroup analysis of patients with advanced liver disease (MELD >30), 
there was a significantly higher 90-day survival probability (48% versus 9%, 
p < 0.05) for the Prometheus group compared to SMT. This highlights a possible 
benefit of Prometheus for treating advance liver disease patients, although the small 
sample size of the group limits its generalizability to the population.

Over time, other studies derived differing conclusions in regard to its clinical 
benefit. Sentürk el al. compared the biochemical and clinical parameters for FPSA 
in patients with ALF and acute-on-chronic liver failure, and showed a significant 
improvement in the biochemical parameters in HE, although survival rates were not 
addressed in this study [40]. Similarly, Komardina et al. also showed hemodynamic 
and biochemical improvements with Prometheus in patients with ALF, but without 
any difference in survival outcomes [41].

Figure 5. 
Schema of Prometheus. Adapted from Karla et al. Extracorporeal Liver support devices for listed patients. 
Liver Transplantation 22839–8482016 AASLD.
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1.2.3 Single-pass albumin dialysis (SPAD)

Single-pass albumin dialysis (SPAD) is a simple technique of blood purifica-
tion without the sophisticated blood purification line and can be implemented 
in any intensive care unit applying a standard CRRT. The blood is passed across 
and dialyzed through a high-flux hollow-fiber hemodiafilter containing albumin-
impregnated dialysate, as shown in Figure 6. Dialysate is discarded once it passes 
through the dialyzer, which uses high amounts of exogenous albumin, effectively 
making it significantly more expensive than MARS, which recycles endogenous 
albumin [17].

Sauer et al. studied SPAD and MARS, and both were shown to be better than 
continuous venovenous hemodiafiltration (CVVHD) in removing water-soluble 
and protein-bound compounds (bilirubin and bile acids) using 4.4% albumin 
dialysate solution [42]. Kortgen et al. also confirmed these results by comparing 
the detoxification capacity in patients with liver failure [43]. Both had a significant 
reduction in serum bilirubin levels, although MARS had a better result in lowering 
the urea and creatinine level. The limitation of the study was its retrospective and 
non-randomized nature, and fewer patients were in the SPAD group than there 
were in the MARS group.

Several studies were conducted to assess the efficacy of dialysate solution con-
centration for optimal results while carrying out SPAD. Churchwell et al. demon-
strated that the highest effectiveness was achieved with 5% albumin dialysate and a 
larger polysulfone dialyzer (surface area 1.5 m2). Subsequently, Schmuck et al. and 
Benyoub et al. demonstrated an optimal detoxification efficacy for albumin-bound 
substances such as bilirubin and bile acids with a 3–3.2% albumin concentration and 
a dialysate flow rate of 1000 mL/h using SPAD with a conventional CVVHD and a 
high-flux polysulfone hemodiafilter [44].

There were only a few case reports published for SPAD immediately after its 
introduction, and currently, there are no published studies that emphasize on 
demonstrating the clinical benefits of SPAD versus SMT in ALF. Two uncontrolled 
retrospective studies in pediatric and adult patients with ALF treated with SPAD 
as rescue therapy were previously done but neither had conclusive evidence show-
ing their clinical effectiveness, although both noted its ease of use and absence of 
complications [45].

The most recent RCT done by Sponholz et al. comparing SPAD versus MARS 
demonstrated a similar decline in the total plasma bilirubin levels, without signifi-
cant differences between these two LAD modalities [46]. However, the reduction 
in the total bile acids and γ-glutamyl transferase levels in the patient treated with 

Figure 6. 
Schema of SPAD. Adapted from Karla et al. Extracorporeal liver support devices for Listed patients. Liver 
Transplantation 22839–8482016.
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SPAD was non-significant. Furthermore, the creatinine and urea levels were not 
significantly reduced with SPAD compared to those of MARS. The aforementioned 
results were differing in other studies, where there was a note of metabolic abnor-
malities with SPAD, such as a rise in lactate levels or a decline in calcium levels. This 
could be attributed possibly to the preferential use of citrate anticoagulation with a 
low dialysis flow rate. In these studies, The MARS and SPAD demonstrated a slight 
improvement in the HE and hemodynamic status.

Regardless of the ease of administration of SPAD as compared to MARS, the 
standard albumin dialysate concentration, dialysate flow rate, and standard of care 
are not yet fully established.

1.3 Other devices

New systems are currently being developed, building on previous knowledge 
of LADs.

Marangoni et al. described a high-efficiency MARS by incorporating a double 
adsorption system (double columns containing charcoal and another pair with 
ion-exchange resin) into the albumin circuit [47]. The detoxification potential of 
modified MARS was compared with that of the “classical” MARS in four patients 
with liver failure and demonstrated that “improved” MARS was potentially more 
efficient in reducing bilirubin and bile acids.

Another system currently being studied conducted by Akcan Arikan et al. pre-
sented the usefulness of high-flux CRRT for hyperammonemia, therapeutic plasma 
exchange for coagulopathy, and MARS for HE. This retrospective observational 
study showed that 15 pediatric patients with ALF or acute-on-chronic liver failure 
showed improvement in hepatic encephalopathy with these modalities [48].

More recently, Al-Chalabi et al. and Huber et al. published an animal model of 
ALF, and patients with liver failure respectively. A modified device called advanced 
organ support (ADVOS) was first presented in 2013, which included a dialysate 
circuit containing standard dialysate with a 2–4% albumin concentration, an 
extracorporeal blood circuit, and a third and last circuit where the albumin dialy-
sate was separated into two parts. Each part would undergo a PH and temperature 
change before reaching the cation and anion filters, resulting in dialysates that have 
albumin that is free of toxins [49, 50]. This is accomplished by adding and removing 
acid or base. The dialysates containing toxin-free albumin then join with each other 
to reach the expected pH before entering the hemodialyzer again. Huber et al. also 
showed the same result with ADVOS in reducing bilirubin levels. However, no other 
studies were further published recently.

Some other modification techniques such as plasma diafiltration, plasma 
exchange, or therapeutic apheresis using a bilirubin adsorbent column were also 
published in literature anecdotally [51–53].

1.4 Bioartificial liver support devices

In the last 10 years, significant developments were made with bioartificial liver 
support devices. These systems are designed to be able to mimic the synthetic and 
regulatory functions of the liver, in conjunction with the use of LADs to detoxify 
the patient’s plasma. Tumor cell lines, developing expandable progenitor cell 
populations, or primary human cells can be used, although the most widely used are 
xenogeneic derivations of primary porcine cells, due to their availability, although 
there is a risk of infection (i.e., porcine retrovirus infection) and metabolic incom-
patibility (i.e., graft-versus-host disease, drug-induced thrombocytopenia, comple-
ment clotting cascade activation).
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SPAD was non-significant. Furthermore, the creatinine and urea levels were not 
significantly reduced with SPAD compared to those of MARS. The aforementioned 
results were differing in other studies, where there was a note of metabolic abnor-
malities with SPAD, such as a rise in lactate levels or a decline in calcium levels. This 
could be attributed possibly to the preferential use of citrate anticoagulation with a 
low dialysis flow rate. In these studies, The MARS and SPAD demonstrated a slight 
improvement in the HE and hemodynamic status.

Regardless of the ease of administration of SPAD as compared to MARS, the 
standard albumin dialysate concentration, dialysate flow rate, and standard of care 
are not yet fully established.

1.3 Other devices

New systems are currently being developed, building on previous knowledge 
of LADs.

Marangoni et al. described a high-efficiency MARS by incorporating a double 
adsorption system (double columns containing charcoal and another pair with 
ion-exchange resin) into the albumin circuit [47]. The detoxification potential of 
modified MARS was compared with that of the “classical” MARS in four patients 
with liver failure and demonstrated that “improved” MARS was potentially more 
efficient in reducing bilirubin and bile acids.

Another system currently being studied conducted by Akcan Arikan et al. pre-
sented the usefulness of high-flux CRRT for hyperammonemia, therapeutic plasma 
exchange for coagulopathy, and MARS for HE. This retrospective observational 
study showed that 15 pediatric patients with ALF or acute-on-chronic liver failure 
showed improvement in hepatic encephalopathy with these modalities [48].

More recently, Al-Chalabi et al. and Huber et al. published an animal model of 
ALF, and patients with liver failure respectively. A modified device called advanced 
organ support (ADVOS) was first presented in 2013, which included a dialysate 
circuit containing standard dialysate with a 2–4% albumin concentration, an 
extracorporeal blood circuit, and a third and last circuit where the albumin dialy-
sate was separated into two parts. Each part would undergo a PH and temperature 
change before reaching the cation and anion filters, resulting in dialysates that have 
albumin that is free of toxins [49, 50]. This is accomplished by adding and removing 
acid or base. The dialysates containing toxin-free albumin then join with each other 
to reach the expected pH before entering the hemodialyzer again. Huber et al. also 
showed the same result with ADVOS in reducing bilirubin levels. However, no other 
studies were further published recently.

Some other modification techniques such as plasma diafiltration, plasma 
exchange, or therapeutic apheresis using a bilirubin adsorbent column were also 
published in literature anecdotally [51–53].

1.4 Bioartificial liver support devices

In the last 10 years, significant developments were made with bioartificial liver 
support devices. These systems are designed to be able to mimic the synthetic and 
regulatory functions of the liver, in conjunction with the use of LADs to detoxify 
the patient’s plasma. Tumor cell lines, developing expandable progenitor cell 
populations, or primary human cells can be used, although the most widely used are 
xenogeneic derivations of primary porcine cells, due to their availability, although 
there is a risk of infection (i.e., porcine retrovirus infection) and metabolic incom-
patibility (i.e., graft-versus-host disease, drug-induced thrombocytopenia, comple-
ment clotting cascade activation).
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1.4.1 Extracorporeal liver assist device (ELAD)

Extracorporeal liver assist device (ELAD) consists of hepatoblastoma C3A cell 
line, derived from human hepatoblastoma cell line HepG2. Cells are localized in the 
extra capillary space of a modified dialysis cartridge with a membrane cut-off of 
70 kDa to prevent immunoglobulins, blood cells, and C3A tumorigenic cells from 
crossing [54].

This modality was first developed by Sussman et al. and was assessed in King’s 
College Hospital in London in a pilot-controlled study done by Ellis et al. for 
patients with ALF who were judged to have >50% survival still and in those who 
were already indicated for LTx. Twenty-four patients were randomly divided into 
two groups of ELAD hemoperfusion or control. Overall survival in the ELAD 
hemoperfusion group was 7 of 9 (78%), and survival for the controls was unexpect-
edly high, 6 of 8 (75%). Due to the small sample size, the study failed to prove an 
improvement in the survival rate of patients with ALF [55].

Working off of the initial ELAD, Millis et al. studied a modified version of 
ELAD to determine the safety profile of the device for patients with fulminant 
hepatic failure [56]. All patients successfully had an LTx, with four out of the five 
patients surviving the 30-day survival endpoint of the study, with no noted biome-
chanical problems or hemodynamic instability. The authors concluded that ELAD is 
safe and can be conducted on a larger scale in multi-center RCTs.

1.4.2 Bioartificial liver—HepatAssist

Bioartificial liver (BAL) works on the concept of combining hepatocyte bioreac-
tor with a column filled with cultured hepatocytes to mimic liver function. Arbios 
first described BAL devices, which the Food and Drug Administration approved 
for Phase I, II, and III clinical trials. In HepatAssist, the patient’s blood is initially 
separated into plasma and cellular components. The plasma is then passed through 
a high-flow plasma circulation loop and then successively through a charcoal filter, 
oxygenator, heater, and a hollow fiber bioreactor containing 7 billion cryopreserved 
hepatocytes. The resulting processed plasma then combines again with the cellular 
components and sent back to the patient’s blood [3].

In the study of Watanabe et al., 31 patients were enrolled in a Phase I study, with 
the goal of developing a BAL for patients with severe liver failure until they can 
be transplanted or recover spontaneously [57]. Sixteen out of 18 (89%) patients 
in group 1 were successfully bridged to LTx. The same goes for group 2 patients 
(n = 3); all were bridged successfully to transplantation, while group 3 (n = 10) 
had two who were supported to recovery and LTx. The remaining eight patients in 
group 3 expired since they were not candidates for LTx.

Other Phase II and III clinical trials from multiple centers across US and 
European centers involving 171 patients (86 controls and 85 treated) were con-
ducted to study the efficacy of this device in patients with ALF. Inclusion criteria 
were patients with Stage III or IV HE or with primary non-function of the trans-
planted liver. The groups were randomized, receiving standard of care and daily 
treatment with HepatAssist for 7 hours. Results for this trial were inconclusive and 
failed to show an improvement in 30-day survival rates, although a good safety 
profile was noted.

Subgroup analysis indicated that the HepatAssist session might provide an 
improvement in survival rate in patients, especially with drug and chemical 
toxicity-induced liver failure [58]. Recently, according to Arbios Systems, Inc., there 
is a study underway to assess a version of HepatAssist with 15–20 billion porcine 
hepatocytes to be studied in Phase III clinical trials [3].
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1.4.3 Modular extracorporeal liver support (MELS)

Modular extracorporeal liver support (MELS) was developed in Germany and 
is based on tailoring the extracorporeal therapy units to the clinical need of the 
patient. In a Phase I study using porcine hepatocytes-based BALs, eight patients 
with ALF showed that it might be beneficial as a bridge to a liver transplant. The 
limitations are its high cost and complicated design, which may become an obstacle 
for its wide availability [3].

1.4.4 Academic Medical Center (Amsterdam)-BAL

In contrary to other BAL support devices, this modality is incorporated with 
capillaries for oxygenation and viability [54]. Preliminary studies are promising; 
however, more extensive trials are needed to validate its efficacy.

When comparing MELS to AMC-BAL, both have shown comparable efficiency. 
Although in one study, it was demonstrated that ammonia and lidocaine removal 
was significantly higher in AMC-BAL as compared to MELS. However, LDH was 
observed to be considerably lower in MELS.

Several other liver support devices have been developed across the world such as 
the Hybrid-BAL (Nanjing, China), TECA-Hybrid Artificial Liver Support System 
(Beijing, China), the Bioartificial Hepatic Support (Udine, Italy), and the Radial 
Flow Bioreactor (Ferrara, Italy), although further research is required to assess their 
efficacy and safety [59].

2. Conclusion

ALF, despite being treated medically, is linked with high mortality. Due to longer 
wait time for liver donors in patients who require LTx, many patients with ALF will, 
unfortunately, die while waiting for a transplant. Therefore, a liver support system is 
necessary as a “bridge” to final treatment or until the liver regenerates upon removal of 
the inciting cause. Over the last 20 years, many artificial liver support systems with the 
potential to emerge as an ideal device with advances have been introduced. At present, 
whether BALs can reduce mortality in the ALF population remains controversial.

BALs incorporating human primary hepatocytes are the most suitable cells but are 
limited by low availability due to a shortage of donor organs. The development of an 
implantable liver system where hepatocytes can be cultured on substrates to mimic 
the lobular structure of the liver is promising. However, mimicking the vascular and 
biliary connections of the liver and recreating all of the necessary metabolic and 
biochemical functions of the liver will be challenging. As technology is continually 
evolving, only time will tell the future of these innovative liver assist devices and their 
possible impact on human culture and health and well-being of affected individuals.
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1.4.1 Extracorporeal liver assist device (ELAD)
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first described BAL devices, which the Food and Drug Administration approved 
for Phase I, II, and III clinical trials. In HepatAssist, the patient’s blood is initially 
separated into plasma and cellular components. The plasma is then passed through 
a high-flow plasma circulation loop and then successively through a charcoal filter, 
oxygenator, heater, and a hollow fiber bioreactor containing 7 billion cryopreserved 
hepatocytes. The resulting processed plasma then combines again with the cellular 
components and sent back to the patient’s blood [3].

In the study of Watanabe et al., 31 patients were enrolled in a Phase I study, with 
the goal of developing a BAL for patients with severe liver failure until they can 
be transplanted or recover spontaneously [57]. Sixteen out of 18 (89%) patients 
in group 1 were successfully bridged to LTx. The same goes for group 2 patients 
(n = 3); all were bridged successfully to transplantation, while group 3 (n = 10) 
had two who were supported to recovery and LTx. The remaining eight patients in 
group 3 expired since they were not candidates for LTx.

Other Phase II and III clinical trials from multiple centers across US and 
European centers involving 171 patients (86 controls and 85 treated) were con-
ducted to study the efficacy of this device in patients with ALF. Inclusion criteria 
were patients with Stage III or IV HE or with primary non-function of the trans-
planted liver. The groups were randomized, receiving standard of care and daily 
treatment with HepatAssist for 7 hours. Results for this trial were inconclusive and 
failed to show an improvement in 30-day survival rates, although a good safety 
profile was noted.

Subgroup analysis indicated that the HepatAssist session might provide an 
improvement in survival rate in patients, especially with drug and chemical 
toxicity-induced liver failure [58]. Recently, according to Arbios Systems, Inc., there 
is a study underway to assess a version of HepatAssist with 15–20 billion porcine 
hepatocytes to be studied in Phase III clinical trials [3].
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is based on tailoring the extracorporeal therapy units to the clinical need of the 
patient. In a Phase I study using porcine hepatocytes-based BALs, eight patients 
with ALF showed that it might be beneficial as a bridge to a liver transplant. The 
limitations are its high cost and complicated design, which may become an obstacle 
for its wide availability [3].
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In contrary to other BAL support devices, this modality is incorporated with 
capillaries for oxygenation and viability [54]. Preliminary studies are promising; 
however, more extensive trials are needed to validate its efficacy.

When comparing MELS to AMC-BAL, both have shown comparable efficiency. 
Although in one study, it was demonstrated that ammonia and lidocaine removal 
was significantly higher in AMC-BAL as compared to MELS. However, LDH was 
observed to be considerably lower in MELS.

Several other liver support devices have been developed across the world such as 
the Hybrid-BAL (Nanjing, China), TECA-Hybrid Artificial Liver Support System 
(Beijing, China), the Bioartificial Hepatic Support (Udine, Italy), and the Radial 
Flow Bioreactor (Ferrara, Italy), although further research is required to assess their 
efficacy and safety [59].

2. Conclusion

ALF, despite being treated medically, is linked with high mortality. Due to longer 
wait time for liver donors in patients who require LTx, many patients with ALF will, 
unfortunately, die while waiting for a transplant. Therefore, a liver support system is 
necessary as a “bridge” to final treatment or until the liver regenerates upon removal of 
the inciting cause. Over the last 20 years, many artificial liver support systems with the 
potential to emerge as an ideal device with advances have been introduced. At present, 
whether BALs can reduce mortality in the ALF population remains controversial.

BALs incorporating human primary hepatocytes are the most suitable cells but are 
limited by low availability due to a shortage of donor organs. The development of an 
implantable liver system where hepatocytes can be cultured on substrates to mimic 
the lobular structure of the liver is promising. However, mimicking the vascular and 
biliary connections of the liver and recreating all of the necessary metabolic and 
biochemical functions of the liver will be challenging. As technology is continually 
evolving, only time will tell the future of these innovative liver assist devices and their 
possible impact on human culture and health and well-being of affected individuals.
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