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Preface 

The complicated nature of hepatic anatomy and physiology, as well as the variety of 
challenging diseases affecting the liver, have all contributed to the field of hepatic 
surgery being a highly demanding surgical specialty. The training of a liver surgeon 
consists of achieving technical expertise, a deep understanding of the intrica-
cies of hepatic anatomy and physiology, experience with acute and chronic liver 
disease ranging from trauma, infections, benign lesions to primary and metastatic 
malignancies, as well as knowledge of the continuously evolving technologies. This 
is necessary to be able to choose correctly from a variety of different treatment 
methods and different hepatectomy techniques that would be best suited to the 
specific patient and the specific health problem. The multitude of hepatic surgery 
techniques involve strategies such as ablation, electroporation, resection with 
several different instruments, and, last but not least, liver transplantation. At the 
same time, the physician dealing with these complex issues needs to be aware of the 
right mix of treatments, as well as the proper sequence. Additionally, it is impera-
tive to possess an understanding of the molecular biology of hepatic function and 
the evolution of the various diseases to be able to provide patient-targeted therapies. 

This book provides an overview of all the above with chapters presenting hepatic 
anatomy, intricacies of liver physiology as seen in the case of hepatic regeneration 
and the concept of damage control surgery, challenges and current updates on 
complex hepatic diseases such as cholangiocarcinoma, and, of course, descriptions 
of the indications and techniques for some of the more demanding hepatic surgeries 
such as right hepatectomy and liver transplantation. Its value lies in the fact that 
the authors present us with their distilled wisdom, which is the result of substan-
tial experience and daily involvement in this most difficult field of medicine and 
surgery. 

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

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

Aristotle University of Thessaloniki, 
Thessaloniki, Greece 
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Chapter 1

Introductory Chapter: Hepatic
Surgery
Georgios Tsoulfas

1. Introduction

Hepatic surgery represents one of the more challenging and exciting areas of
surgical practice for a variety of reasons. It combines surgical technical expertise
with the management of diseases of one of the most vital and elaborate organs of the
human organism. Specifically, the liver with its multitude of functions ranging from
nutrition, production of energy, clearing and metabolism of a variety of substances
and medications, control of the coagulation system, to name a few, represents a
human factory with a complex anatomy and physiology. Its various functions make
it a central player in a variety of diseases, where irrespective of their benign or
malignant nature, can pose significant threats to the whole organism. The main
insults faced may include abdominal trauma (with the liver being the second most
injured organ), genetic abnormalities, infections, metabolic alterations, and malig-
nancies. The latter can be either primary (hepatocellular carcinoma, cholangio-
carcinoma, and hepatoblastoma) or secondary (metastatic hepatic disease from
colorectal, neuroendocrine or non-neuroendocrine, and non-colorectal primary).
The common feature in all of these diseases is the significant threat that they pose to
the human body, as well as the fact that from the multitude of available treatments,
surgery is by far the most successful, yet fraught with possible complications and
even the possibility of death. This interesting mix allows us to understand the
important and challenging nature of hepatic surgery. The liver surgeon needs to
possess deep knowledge of hepatic and human physiology, hepatic anatomy, and
surgical skill that is a combination of dexterity and patience.

This book with chapters covering the whole spectrum of hepatic surgery rep-
resents the cumulative effort of a very experienced group of liver specialists who
offer us their distilled experience in areas covering hepatic anatomy with all its
significant and often critical variations, an overview of some of the more chal-
lenging types of hepatic cancers (such as cholangiocarcinoma), a description of
some of the more demanding surgical procedures (such as the extended right
hepatectomy), the importance of technology as an extension of the surgeon’s eyes
and hands (intraoperative hepatic ultrasound), the true meaning of damage con-
trol hepatic surgery (typifying the union of understanding hepatic physiology and
surgical acumen), and a description of the molecular pathways involved in the
evolution and management of liver disease.

The latter carries special weight as we live in the era of precision medicine and
patient-targeted treatments. As such, the surgeon should be able to understand
the molecular identity of various diseases and how to incorporate that in daily
surgical practice. We must learn neither to fear, nor to worship new technology,
but rather to objectively and accurately evaluate it and assess its use, and
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following the appropriate learning curve, incorporate it into our daily practice. 
The overall goal is to achieve therapy in a safer and more efficient manner for 
our patients. 

Overall, this book represents a true tour de force of a variety of topics having 
to do with hepatic surgery, as it befits the nature and significance of the subject. It 
should be stressed that the intended audiences are scientists and physicians and 
surgeons of different specialties, which all have in common an interest in liver 
disease and improving the lives of these patients. 

Author details 

Georgios Tsoulfas 
Aristotle University of Thessaloniki, Thessaloniki, Greece 

*Address all correspondence to: tsoulfasg@gmail.com 

© 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. 
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Chapter 2

Hepatic Regeneration Under
Warm or Cold Ischemia
Conditions: Controversies and 
New Approaches
Maria Eugenia Cornide-Petronio, Mónica B. Jiménez-Castro, 
Esther Bujaldon, Jordi Gracia-Sancho and Carmen Peralta

Abstract

Ischemia-reperfusion (I/R) associated with hepatic resection and living related
liver transplantation is an unsolved problem in clinical practice. Indeed, I/R induces
damage and regenerative failure in clinical liver surgery. Signaling pathways regarding
the pathophysiology of liver I/R and regeneration making clear distinction between
situations of cold and warm ischemia, as well as liver regeneration with or without
vascular occlusion, will be addressed. The different experimental models used to date
to improve the postoperative outcomes in clinical liver surgery will be also described.
Furthermore, the most updated therapeutic strategies, as well as the clinical and
scientific controversies in the field, will be discussed. Such information may be useful
to guide the design of better experimental models as well as the effective therapeutic
strategies in liver surgery that can succeed in achieving its clinical application.

Keywords: liver surgery, regeneration, ischemia–reperfusion injury, warm ischemia,
cold ischemia

1. Introduction

Any surgical situation involving liver hepatectomy requires subsequent regen-
eration in order to restore the liver/body ratio. The liver’s ability to restore tissue
after loss depends on the interaction of numerous cells and a complex network
of mediators [1]. In most cases, in clinical practice, liver surgery involves both
ischemia-reperfusion (I/R) injury and regeneration [1]. Liver I/R injury is a patho-
physiological event that occurs during surgical interventions such as liver resection
or liver transplantation (LT); it controls bleeding during parenchymal dissection
and has a significant effect on liver function prognosis [2–6]. I/R injury is a two-
stage phenomenon in which cell damage due to hypoxia and the lack of biomechani-
cal stimulus is exacerbated upon the restoration of oxygen delivery and shear stress
[7]. However, I/R injury is inevitable in liver surgery and significantly reduces the
organ’s regeneration after hepatectomy [1]. Mechanisms of liver I/R injury are com-
plex; they include mainly microcirculation failure and the related oxidative stress, a
series of cellular and molecular responses, and the interaction between hepatocytes, 

 
 

 
 

       
 

    
 

  
  

 
  

 

 
 

 

 
 

 
 

 

 



 
 

 
 

       
 

    
 

  
  

 
  

 

 
 

 

 
 

 
 

 

 

Chapter 2 

Hepatic Regeneration Under 
Warm or Cold Ischemia 
Conditions: Controversies and 
New Approaches 
Maria Eugenia Cornide-Petronio, Mónica B. Jiménez-Castro, 
Esther Bujaldon, Jordi Gracia-Sancho and Carmen Peralta 

Abstract 

Ischemia-reperfusion (I/R) associated with hepatic resection and living related 
liver transplantation is an unsolved problem in clinical practice. Indeed, I/R induces 
damage and regenerative failure in clinical liver surgery. Signaling pathways regarding 
the pathophysiology of liver I/R and regeneration making clear distinction between 
situations of cold and warm ischemia, as well as liver regeneration with or without 
vascular occlusion, will be addressed. The different experimental models used to date 
to improve the postoperative outcomes in clinical liver surgery will be also described. 
Furthermore, the most updated therapeutic strategies, as well as the clinical and 
scientific controversies in the field, will be discussed. Such information may be useful 
to guide the design of better experimental models as well as the effective therapeutic 
strategies in liver surgery that can succeed in achieving its clinical application. 

Keywords: liver surgery, regeneration, ischemia–reperfusion injury, warm ischemia, 
cold ischemia 

1. Introduction 

Any surgical situation involving liver hepatectomy requires subsequent regen-
eration in order to restore the liver/body ratio. The liver’s ability to restore tissue 
after loss depends on the interaction of numerous cells and a complex network 
of mediators [1]. In most cases, in clinical practice, liver surgery involves both 
ischemia-reperfusion (I/R) injury and regeneration [1]. Liver I/R injury is a patho-
physiological event that occurs during surgical interventions such as liver resection 
or liver transplantation (LT); it controls bleeding during parenchymal dissection 
and has a significant effect on liver function prognosis [2–6]. I/R injury is a two-
stage phenomenon in which cell damage due to hypoxia and the lack of biomechani-
cal stimulus is exacerbated upon the restoration of oxygen delivery and shear stress 
[7]. However, I/R injury is inevitable in liver surgery and significantly reduces the 
organ’s regeneration after hepatectomy [1]. Mechanisms of liver I/R injury are com-
plex; they include mainly microcirculation failure and the related oxidative stress, a 
series of cellular and molecular responses, and the interaction between hepatocytes, 

7 



 
 

          
 

 
  

 
 

 
 

 
 

 
 

 
 

 
   

  
 

 

 

 
 

 
  

 
 

 
 

 
 
 

 
 

 

  
 

 

 
    

Surgical Challenges in the Management of Liver Disease 

liver sinusoidal endothelial cells, hepatic stellate cells, Kupffer cells, infiltrating 
neutrophils, macrophages, and platelets [2, 7–11]. 

Liver I/R injury involves great many factors and mediators. The associations 
between the signaling pathways are extremely complex, and at present, the events 
occurring between the start of reperfusion and the final outcome (either poor func-
tion or a nonfunctional liver graft) are not fully understood [6]. The extent and timing 
of ischemia, the type of liver undergoing I/R, and the existence of liver regeneration 
may alter the mechanisms of liver I/R injury and the effects of the treatment strategies 
assessed to date [12]. This point was exemplified by Ramalho et al. who demonstrated 
the loss of protection against liver damage of Ang-II receptor antagonists in conditions 
of partial hepatectomy (PH), while in conditions of I/R without hepatectomy, the 
Ang-II receptor antagonists decreased liver damage [13]. As is well known, the mecha-
nisms of liver damage differ according to the percentage of the liver mass deprived of 
blood [14]. Therefore, experimental models that reproduce as closely as possible the 
clinical conditions in which these strategies are applied are likely to lead to the imple-
mentation of strategies in clinical practice in the relatively short term [1]. 

In this chapter, we aim to show that the mechanisms that govern liver I/R injury 
and regeneration depend on the experimental model applied. These models are valu-
able tools for elucidating the physiopathology of liver I/R injury and uncovering new 
therapeutic targets and drugs. A number of strategies for protecting the liver from I/R 
injury and for improving liver regeneration have been developed in animal models, 
some of which may find their way into clinical practice [6]. We stress that the type 
of ischemia (cold or warm) has an important influence in liver surgery, but most of 
the currently available reviews on the mechanisms of I/R do not distinguish between 
them [6]. In our view, this information may help to guide the design of future experi-
mental models and treatment strategies in liver surgery for use in clinical practice. 

2. Hepatic regeneration under warm ischemia 

Following PH, hepatocytes that are normally quiescent enter the cell cycle in order 
to replace the part that has been removed. The original liver mass is restored after some 
6–8 weeks (in humans) by tightly synchronized rounds of replication of the remain-
ing hepatocytes [15]. Self-replication of the existing individual cell types is thought to 
be the key mechanism of regeneration after PH. However, it was recently suggested 
that hepatic progenitor cells may contribute to liver regeneration following PH [15]. A 
vast number of growth and metabolic factors and cytokines simultaneously regulate 
liver regeneration during PH. Under the influence of innate immunity components 
and gut-derived lipopolysaccharide, on Kupffer cells and stellate cells, tumor necrosis 
factor alpha, and interleukin 6, provided by those cells, prepares hepatocytes to 
respond to growth factors like epidermal growth factor and hepatocyte growth factor 
[15]. Among other auxiliary mitogens are norepinephrine, Notch and jagged proteins, 
vascular endothelial growth factor, platelet-derived growth factor, bile acids, insulin 
serotonin, estrogens leptin, triodothronine, and FGF1 and 2 [16]. Joint signals from 
these factors lead to the progression of the liver cell cycle, which in turn results in DNA 
synthesis and ultimately the proliferation of liver cells as mentioned above [15]. 

As is well known, remnant liver following PH can be used as an in vivo liver 
regeneration model in order to assess possible treatment strategies for improving 
postoperative outcomes after hepatectomy. Nonetheless, a two-third partial hepa-
tectomy alone does not cause death in these models, and the remnant liver has the 
capacity to regenerate. In contrast, 30 min of liver ischemia just before PH exacer-
bates the remnant liver function, causing high mortality and negatively affecting 
liver weight restoration [1, 17]. It is also well known that vascular occlusion of the 
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hepatic hilum is often used to avoid hemorrhage in liver resection. However, vascular 
occlusion has been associated with warm ischemia damage, resulting in significant 
organ dysfunction and regenerative failure [12]. Hepatocytes are severely affected 
by I/R, especially in normothermic ischemia. Most of the early changes in anoxic 
hepatocytes take place in the mitochondria. Briefly, due to the unavailability of O2 as 
a terminal electron carrier for the mitochondrial respiratory chain, the electron flow 
is immediately interrupted, thus reducing the respiratory chain. Since the mitochon-
dria no longer accept electrons from substrates, pyridine nucleotides decrease, thus 
causing a rise in the intracellular NADH/NAD+ ratio. The disruption of oxidative 
phosphorylation rapidly depletes cellular ATP, accelerates glycolysis, increases lactate 
formation, and alters H+, Na+, and Ca2+ homeostasis and thus induces severe damage 
to the hepatocyte. Ischemia also causes a substantial rise in cAMP, a key factor in 
glucose metabolism. Via the action of cAMP-dependent protein kinase, cAMP causes 
the phosphorylation/deregulation of enzymes, which play a major role in the control 
of carbohydrate metabolism [18, 19]. Reperfusion injury derives mainly from toxic 
reactive oxygen species (ROS) generated on the reintroduction of O2 to ischemic 
tissues. ROS are produced both from intracellular and from extracellular sources; in 
liver cells, the mitochondria are their major source [7, 20]. 

3. Preclinical studies in normothermic hepatic ischemia associated with 
hepatic resection 

3.1 Animal species used 

The results of animal studies can be extrapolated to human beings, even though 
there are limitations such as the differences in ischemia tolerance, the anatomy of the 
organ in different species, and differences in the surgical conditions applied in clini-
cal practice and in experimental models [21]. Therefore, the correct choice of animal 
species and experimental model, and the standardization of the protocol according to 
the clinical issue under study, is particularly important [14]. Small animals like rats and 
mice are exceptionally useful because they are easy to handle, present minimal, finan-
cial, logistical or ethical problems, and allow genetic alterations such as the creation of 
transgenic and knock-out animals [14]. Larger animals (pigs, sheep, and dogs) have a 
more similar anatomy and physiology to humans, but their use is restricted by serious 
financial and logistical difficulties, ethical concerns, and the limited availability of 
immunological tools for use in these species [14, 21]. The age and sex of animals are 
also issues to consider. With regard to age, there are significant differences between 
younger (35–50 g) and older rats (250–400 g) in terms of their hepatic microcircula-
tion at the different stages of ischemia, and with regard to sex, female rats are more 
sensitive to reperfusion injury than males after normothermic ischemia [14, 22, 23]. 

3.2 Experimental models of normothermic hepatic ischemia to evaluate the 
mechanisms involved 

3.2.1 Global hepatic ischemia with portocaval decompression 

The Pringle maneuver is often applied during liver resection, due to safety 
concerns. However, it has been associated with delayed liver failure and poor 
prognosis in patients undergoing major hepatectomy in conditions of prolonged 
liver ischemia [1, 13]. The global liver ischemia model with portal decompression 
provides an ideal simulation of the clinical condition of warm ischemia after the 
Pringle maneuver for liver resection and transplant [6, 14]. The first successful 
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shunt operation carried out in humans was by Vidal in 1903 [24]. Blakemore was 
among the first researchers to report successful portal-systemic anastomosis in rats, 
working mainly with endothelium-lined tubes [25]. Burnett et al. modified the 
technique to create a portocaval shunt [26]. In 1959, Bernstein and Cheiker devel-
oped the portosystemic shunt, which led portal blood into one of the iliac veins 
after functional hepatectomy [27]. In small animals, many other shunt techniques 
have been developed such as the portofemoral shunt or the mesentericocaval shunt 
via the jugular vein. In 1995, the splenocaval shunt was developed by Spiegel [28]. 
In large animals, on the other hand, a porto-femoro jugular bypass is frequently 
used [14, 29]. Results from experimental models of hepatic I/R injury alone are 
often extrapolated to clinical liver resection with PH and ischemia. However, in 
conventional experimental I/R models (for example, 70% partial hepatic ischemia), 
reperfusion ensues in the presence of nonischemic lobes [1]. Experimental models 
that combine PH and I/R injury rule out any contribution to recovery of the nonaf-
fected liver tissue. Furthermore, in this model, postischemic recovery depends on 
the liver cell damage caused by the IR-injury and also on the stress caused by the 
liver resection and posthepatectomy liver regeneration [1, 30]. 

3.2.2 Global liver ischemia with spleen transposition 

In 1970, Bengmark et al. developed this model for surgical treatment of portal 
hypertension [31]. In 1981, Meredith and Wade described a rat model that produced 
a portosystemic shunt in the anhepatic rat by transposition of the spleen, making a 
small incision in the left hypochondrium [32]. With the spleen inside a subcutane-
ous pouch, adequate portosystemic anastomoses emerge after some 2–3 weeks. 
The transposition induces the reversal of the blood flow in the splenic vein, which 
stimulates angiogenesis. Two weeks later, in the second step, a median laparotomy 
and temporary occlusion of the hepatoduodenal ligament are performed. This 
decompression by spleen transposition is easy to perform, because it does not 
require microsurgery. Within 2 or 3 weeks of surgery, the spleen is encapsulated 
without any signs of inflammation or bleeding. One drawback of this model is the 
long time span (3 weeks) until adequate portosystemic collaterals are large enough 
to take full control of portal vein flow. Furthermore, the effect of the changes in 
hepatic inflow on the collaterals remains unclear [6, 14, 33]. 

3.2.3 Partial hepatic resection under vascular occlusion 

In 1982, Yamauchi et al. reported a hepatic ischemia model in which ischemia is 
induced by occlusion of the hepatic artery, the portal vein, and the bile duct of the left 
and median lobes. No extracorporeal shunt is required because the blood continues 
to flow through the right and caudal liver lobes. This model of partial ischemia (70%) 
has been extensively used in experimental studies of hepatic I/R [34–36]. An experi-
mental model of 30% partial liver ischemia has also been used, in which occlusion at 
the hepatic artery and portal vein interrupts the supply of blood to the right lobe of 
the liver [19]. In the clinical setting, PH under I/R is normally performed to control 
bleeding during parenchymal dissection [6]. Therefore, an experimental model 
incorporating both hepatic regeneration and I/R injury can simulate the clinical situ-
ation of selective or hemihepatic vascular occlusion for liver resections. In this model, 
after left hepatic lobe resection, a microvascular clamp is placed across the portal 
triad supplying the median lobe (30%). Congestion of the bowel is prevented during 
the clamping because the portal flow through the right and caudate lobes is pre-
served. At the end of ischemia, the right lobe and caudate lobes are resected, and the 
clamp is released to achieve reperfusion of the median lobe. In this hepatic resection 
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model, portal decompression is not required, and certain important criteria are also 
met, such as reversibility, good reproducibility, and ease of execution [14, 19, 37]. 

3.3 Strategies applied in experimental models of normothermic ischemia 

Many experimental studies have set out to develop in vivo pharmacological 
strategies for inhibiting the harmful effects of warm I/R [38–46]. Some of these 
studies are summarized in Table 1. However, none of them have been able to 
prevent hepatic I/R injury [6, 14]. However, it is important to develop strategies in 
experimental models that reproduce clinical practice conditions as closely as pos-
sible: for example, the use of intermittent clamping, and the combination of PH and 
I/R injury. Few of the studies carried out to date have complied with these require-
ments [12]. Some of these studies are summarized in Table 2. Recent breakthroughs 
in molecular biology are providing new opportunities for applying gene therapy to 
reduce liver I/R injury. The experimental data, however, have highlighted several 
problems inherent in gene therapy, including vector toxicity, difficulties in increas-
ing transfection efficiency and protein expression at the appropriate site and time, 
and the difficulty of obtaining adequate mutants. 

Warm ischemia 

Mice 

Drug Ischemic Effect 
time 

Cerulenin 15 min ↓ UPC2, ↑ ATP 

Platinum nanoparticles ↓ Hepatic injury 

Exendin 4 20 min ↓ Hepatic injury and autophagy 

Catalase and derivatives 30 min ↓ Oxidative stress 

Apocynin ↓ Oxidative stress 

Allopurinol ↓ Oxidative stress 

N-Acetylcysteine 40, 90 min ↓ Hepatic injury, oxidative stress and apoptosis 

Dipyridamole 45 min ↓ Hepatic injury 

15-deoxy-Δ12,14-prostaglandin J2 60 min 

Ago-miR-46a 

Cold-inducible RNA-binding protein 
(CIRP) blockade 

Anti-CD25 antibody 

Diannexin 

Ethyl pyruvate 

Fasting 

Angiotensin II receptor antagonist 

Riboflavin 

α7 Nicotinic acetylcholine receptor 
agonist 

Omega−3 Fatty acid 

↓ Hepatic injury and inflammation 

↓ Hepatic injury and apoptosis 

↓ Hepatic injury, apoptosis and inflammation 

↓ Hepatic injury and inflammation 

↓ Hepatic injury and inflammation 

↓ Hepatic injury, apoptosis and autophagy 

↓ Hepatic injury and inflammation; ↑ autophagy 

↓ Hepatic injury, apoptosis and inflammation 

↓ Hepatic injury, oxidative stress and 
inflammation 

↓ Hepatic injury, oxidative stress and 
inflammation 

↓ Hepatic injury and inflammation; ↑ liver 
regeneration 

Cobalt protoporphyrin 60, 90 min ↓ Hepatic injury and inflammation 
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Warm ischemia 

Mice 

Drug Ischemic 
time 

Effect 

Hydroxytyrosol 75 min ↓ Hepatic injury, apoptosis, oxidative stress and 
inflammation 

miR-370 inhibitor ↓ Hepatic injury and inflammation 

Augmenter of liver regeneration 
(ALR) 

90 min ↓ Hepatic injury, apoptosis and inflammation 

Carbon monoxide ↓ Hepatic injury 

Pan-selectin antagonist ↓ Inflammation 

Erythropoietin ↓ Hepatic injury and apoptosis 

Helium ↓ Hepatic injury; ↑ survival 

Low-dose LPS ↓ Hepatic injury, apoptosis and inflammation 

Protease-activated receptor 4 
antagonist 

↓ Hepatic injury, apoptosis and inflammation 

Vasoactive intestinal peptide 
neuropeptide 

↓ Hepatic injury, apoptosis and inflammation 

Rats 

Drug Ischemic 
time 

Effect 

ACE inhibitor 30 min ↓ Oxidative stress 

ROS scavenger ↓ Apoptosis 

Branched-chain amino acid (BCAA) ↓ Hepatic injury and inflammation 

Carvacrol ↓ Hepatic injury, apoptosis and oxidative stress 

CR2-CD59 (complement inhibitor) ↓ Hepatic injury; ↑ regeneration and survival 

Hydrolysed whey peptide ↓ Hepatic injury, apoptosis and inflammation 

Hyperbaric oxygen therapy ↓ Hepatic injury 

Sivelestat sodium hydrate ↓ Hepatic injury and inflammation 

Liraglutide ↓ Hepatic injury, apoptosis and inflammation 

Allopurinol 30, 60 min ↓Oxidative stress 

Diazoxide ↓ Hepatic injury and inflammation 

PPARα agonist 

Propofol73 

30, 60, 
90 min 

↓ Oxidative stress and inflammation; ↑ autophagy 

↓ Hepatic injury and apoptosis 

Melatonin 35, 40 min ↓ Hepatic injury, apoptosis and oxidative stress 

Levosimendan 40, 60 min ↓ Hepatic injury, apoptosis, oxidative stress and 
inflammation 

Carnosic acid 45 min ↓ Hepatic injury 

Limonin ↓ Hepatic injury, oxidative stress and 
inflammation 

Low-intensity laser therapy ↓ Hepatic injury and oxidative stress 

Rho-kinase inhibitor ↓ Hepatic injury; ↑ survival 

Cardamonin ↓ Hepatic injury, oxidative stress and 
inflammation 

Quercetin ↓ Hepatic Injury 

Protoporphyrin ↓ Hepatic Injury 
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SOD 45, 60 min ↓ Inflammation 

L-arginine ↓ Inflammation 

Tocopherol 45, 90 min ↓ Oxidative stress and inflammation 

IL-10 60 min ↓ Oxidative stress and inflammation 

Anti-ICAM-1 ↓ Inflammation 

Gabexate mesilate ↓ Inflammation 

Analogue of prostacyclin (OP-2507) ↓ Inflammation 

n-3 PUFA ↓ Hepatic injury and oxidative stress 

Adiponectin ↓ Hepatic injury, apoptosis and 
inflammation 

Atorvastatin ↓ Hepatic injury and inflammation 

Dexmedetomidine ↓ Hepatic injury and oxidative stress 

Dioscin ↓ Hepatic injury, apoptosis and inflammation 

Fibrin-derived peptide Bβ15–42 ↓ Hepatic injury and inflammation 

L-α-glycerylphosphorylcholine 
(GPC) 

↓ Hepatic injury and oxidative stress 

Rapamycin ↓ Hepatic injury; ↑ autophagy 

Rosmarinic acid ↓ Hepatic injury, oxidative stress and 
inflammation 

Sevoflurane ↓ Hepatic injury and oxidative stress 

Simvastatin ↓ Hepatic injury, apoptosis and 
inflammation 

Crocin ↓ Hepatic injury and oxidative stress 

Tert-butylhydroquinone ↓ Inflammation 

Hydrogen-rich saline ↓ Hepatic injury and oxidative stress 

Spermine NONOate 60, 90 min ↓ Oxidative stress and inflammation 

FK506 ↓ Inflammation 

Chloroquine ↓ Hepatic injury and inflammation 

Lithium ↓ Hepatic injury and inflammation 

AMPK activators 90 min ↑ NO, ATP 

α-Lipoic acid ↓ Apoptosis; ↑ liver regeneration 

Edaravone ↓ Hepatic injury and oxidative stress 

Reduced glutathione ↓ Hepatic injury, apoptosis and oxidative 
stress 

Sildenafil ↓ Hepatic injury, apoptosis and 
inflammation 

Oleanolic ↓ Hepatic injury; ↑ survival 

Unacylated-ghrelin ↓ Oxidative stress 

Minocycline 2, 6 and 
24 h 

↓ Hepatic injury, oxidative stress and 
inflammation 

Pigs 

Drug Ischemic 
time 

Effect 

Sevoflurane 40 min ↓ Hepatic injury 

Table 1. 
Pharmacological strategies used in experimental models of warm ischemia. 
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Warm ischemia with partial hepatectomy 

Mice 

Drug Ischemic Effect 
time 

Low dose of 2-complement 30 min ↓ Hepatic injury and oxidative stress; ↑ liver 
receptor 1-related protein Y regeneration 

Melatonin 60 min ↓ Hepatic injury; ↑ liver regeneration 

C1 esterase inhibitor ↓ Hepatic injury; ↑ liver regeneration and survival 

Hydrogen sulfide 75, 90 min ↓ Hepatic injury and apoptosis; ↑ survival and liver 
regeneration 

Rats 

Drug Ischemic Effect 
time 

CF102 10 min ↓ Hepatic injury, apoptosis and inflammation; 
↑ liver regeneration 

Inchinkoto 15, 30 min ↓ Hepatic injury, oxidative stress and inflammation 

Anti-HMGB1 20 min ↓ Hepatic injury; ↑ liver regeneration 

Thrombomodulin ↓ Hepatic injury and apoptosis; ↑ liver regeneration 

2mercaptoethane sulfonate 30 min ↓ Hepatic injury and oxidative stress; ↑ liver 
regeneration 

Butyrate 30, 60 min ↓ Hepatic injury and inflammation 

Omega3 fatty acids 40 min ↓ Hepatic injury and oxidative stress 

Polyamines ↓ Necrosis, apoptosis and inflammation; ↑ liver 
regeneration 

Glucose or lipid emulsion 60 min ↓ Hepatic injury; ↑ liver regeneration 

Resistin or anti-visfatin antibodies ↓ Hepatic injury; ↑ liver regeneration 

Tauroursodeoxycholate ↓ Oxidative stress 

Sirolimus ↓ Inflammation 

Combined angiotensin II receptor ↓ Hepatic injury and oxidative stress; ↑ liver 
type 1 and 2 antagonists regeneration 

Thymoquinone ↓ Hepatic injury, apoptosis and oxidative stress 

M3 AChR antagonist ↓ Hepatic injury and inflammation; ↑ regeneration 
and survival 

Hydrogen sulfide 75, 90 min ↓ Hepatic injury, apoptosis and inflammation; ↑ 
regeneration and survival 

IL-1 receptor antagonist 90 min ↓ Oxidative stress 

Pigs 

Drug Ischemic Effect 
time 

Hydrogen inhalation 20 min ↓ Hepatic injury, apoptosis and oxidative stress 

Desferrioxamine 150 min ↓ Oxidative stress; ↑ liver function 

Dogs 

Drug Ischemic Effect 
time 

FK 3311 (Cox-2 inhibitor) 60 min ↓ Inflammation 

Table 2. 
Pharmacological strategies used in experimental models of warm ischemia with partial hepatectomy. 
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4. Controversies on hepatic regeneration under warm or cold ischemia 

In an attempt to expand the size of the donor pool, the use of living related 
liver transplantation (LDLT) has helped increase the number of donor liv-
ers, but, nonetheless, concerns persist about graft-size disparity and hepatic 
regeneration. In 1990, Broelsch et al. reported the first 20 series of LDLT in the 
USA [47]. In 1997, Lo et al. [48] performed the first successful LDLT using an 
extended right lobe from a living donor for an adult recipient [6]. In LDLT, liver 
graft must be successfully regenerated; however, cold I/R, which will take place 
during liver transplantation surgery, will reduce the regenerative capacity of the 
liver. 

The clinical application of strategies designed at beachside will depend on 
the use of experimental models that resemble as much as possible the clinical 
conditions in which the strategy intends to be applied [12]. However, many 
investigators have used rodent models of PH under or without vascular occlu-
sion to mimic some of the pathophysiological events that occur during LT [6]. 
To the best of our knowledge, pharmacological strategies, which were used in 
experimental models of hepatic regeneration under warm ischemia (Table 2), 
were not applied in experimental models of LDLT. However, only three drugs 
(sirolimus, Ang II receptor type 2 antagonist, and Omega-3) were applied in 
patients submitted to LDLT (see Table 3). In contrast with the benefits on 
liver regeneration observed in experimental models of PH under I/R [49], the 
administration of sirolimus in LDLT decreases liver regeneration in patients 
[50]. Indeed, sirolimus decreases liver injury in patients only in combination 
with cyclosporine [51]. Similarly, angiotensin II receptor type 2 antagonist does 
not reduce hepatic injury as opposed to the benefits obtained in preclinical 
studies of PH under vascular occlusion [13, 52]. By contrast, pharmacological 
treatment with omega-3 had benefits on hepatic injury in clinical LDLT and in 
preclinical studies after PH under vascular occlusion [53, 54]. In our view, these 
controversial results may be explained at least partially, by the differences in the 
mechanism responsible of I/R damage and liver regenerative failure depend-
ently on the surgical procedure (LDLT versus PH + I/R). Of note, it would be 
extremely useful to make a clear distinction between the mechanisms for each 
surgical situation to design therapies that demonstrate its effectiveness under 
experimental conditions similar to what happens in clinical practice [12]. This 
will probably lead to translation of the best strategies to clinical practice in the 
short term [12]. 

Living donor liver transplantation 

Human 

Drug Ischemic Effect 
time 

Sirolimus Not ↓ Liver regeneration 
reported Sirolimus + cyclosporine ↓ Hepatic injury 

Angiotensin II receptor type 2 antagonist ↑ Hepatic injury 

Omega3 ↓ Hepatic injury; ↑ liver regeneration 

Table 3. 
Pharmacological strategies used in living donor liver transplantation. 
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5. Conclusions 

Although our knowledge about the mechanisms involved in the development 
of liver I/R injury and regenerative failure has significantly improved, and it has 
consequently been accompanied by a long list of potential therapeutic alterna-
tives, I/R injury and regenerative failure after surgical procedure still represent 
a serious problem in the clinical practice. It should be considered that the 
mechanisms involved in hepatic I/R and regenerative failure very much depend 
on the experimental conditions used: which type of research is done, type of 
ischemia applied (warm or cold), period of ischemia (ranging from minutes to 
days), extension of hepatic ischemia (partial or total), graft subclinical situation 
(healthy, steatotic, aged,…), etc. Thus, new therapeutic strategies from experi-
mental studies should be considered specific to the concrete experimental/surgi-
cal conditions used, and most probably, they cannot automatically be validated 
for all clinical situations requiring both vascular occlusion and liver regeneration 
[7]. We recognize the complication, but multidisciplinary research groups should 
devote additional efforts to better understand the cellular alterations and the 
crosstalk within the liver during the different clinical setting, requiring both vas-
cular occlusion and liver regeneration to ultimately develop effectual therapeutic 
strategies aimed at reducing I/R damage and improving hepatic regeneration after 
liver surgery. 
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Chapter 3

Use of Intraoperative Ultrasound 
(IOUS) in Liver Surgery
Ali I. Yahya

Abstract

Over the last many years, diagnostic imaging has grown from a state of infancy
to a high level of maturity. The various imaging modalities were developed over
the last 50 years. Ultrasonography is one of the valuable tools in diagnosis of many
diseases for a long time. It replaced X-ray in the diagnosis of many different dis-
eases. It is noninvasive and has no complications if used many times in the day even
if it is safe during pregnancy. The use of ultrasonography was spread over the years
in all branches of medicine. It is promptly used in emergency medicine. Its use was
introduced during operations. It showed excellent results when used for the assess-
ment of liver tumors either primary or secondary liver tumors during open surgery
and laparoscopy. The use of high-frequency ultrasound probe intraoperatively will 
nullify the abdominal wall and bowel gas effects on the result.

Keywords: intra-opertive ultrasound, liver surgery

1. History of IOUS

In 1942, Neurologist Karl Dussik used ultrasound first time in the medical 
diagnosis of brain tumors.

In 1948, George D. Ludwig developed the A-mode ultrasound equipment to
detect gallstones.

John J. Wild is known as the “father of medical ultrasound” for imaging tissue in
1949. Modern ultrasonic diagnostic medical scans are descendants of the equipment
developed by him and his colleagues in the 1950s.

In 1957–1958, Ian Donald, professor of obstetrics and gynecology from Glasgow, 
invented the ultrasound machine and developed first time the use of ultrasound in
obstetrics.

The use of ultrasound during operations which is called intraoperative ultra-
sound was started in 1960 [3]; however, it was not widely accepted in use because
of limited experience and the quality of ultrasound machine. Bernard Sigel is the
surgeon who first performed intraoperative ultrasound in biliary surgery; it was in
1979, and later in 1980, he started using IOUS in hepatobiliary surgery.

In 1980, intraoperative ultrasound became more popular and widely used in the
field of hepatobiliary and pancreatic, vascular, and neurosurgery.

In 1990, the use of intraoperative ultrasound became widely used, especially in liver
surgery. And in the mid-1990s, the use of intraoperative ultrasound became a routine
use in hepatic surgery; introduction of probes for open and laparoscopic surgery also
added much in addition to the utilization of color Doppler flow ultrasound. IOUS
is used for the assessment of pancreatic lesions, blood vessel invasion, lymph node

  
   

  

 
   

  
 

 
 

 

 

  
 

 

 
   

 
   

 

          
 

 
 
 



  
   

  

 
   

  
 

 
 

 

 

  
 

 

 
   

 
   

 

          
 

 
 
 

Chapter 3 

Use of Intraoperative Ultrasound 
(IOUS) in Liver Surgery 
Ali I. Yahya 

Abstract 

Over the last many years, diagnostic imaging has grown from a state of infancy 
to a high level of maturity. The various imaging modalities were developed over 
the last 50 years. Ultrasonography is one of the valuable tools in diagnosis of many 
diseases for a long time. It replaced X-ray in the diagnosis of many different dis-
eases. It is noninvasive and has no complications if used many times in the day even 
if it is safe during pregnancy. The use of ultrasonography was spread over the years 
in all branches of medicine. It is promptly used in emergency medicine. Its use was 
introduced during operations. It showed excellent results when used for the assess-
ment of liver tumors either primary or secondary liver tumors during open surgery 
and laparoscopy. The use of high-frequency ultrasound probe intraoperatively will 
nullify the abdominal wall and bowel gas effects on the result. 

Keywords: intra-opertive ultrasound, liver surgery 

1. History of IOUS 

In 1942, Neurologist Karl Dussik used ultrasound first time in the medical 
diagnosis of brain tumors. 

In 1948, George D. Ludwig developed the A-mode ultrasound equipment to 
detect gallstones. 

John J. Wild is known as the “father of medical ultrasound” for imaging tissue in 
1949. Modern ultrasonic diagnostic medical scans are descendants of the equipment 
developed by him and his colleagues in the 1950s. 

In 1957–1958, Ian Donald, professor of obstetrics and gynecology from Glasgow, 
invented the ultrasound machine and developed first time the use of ultrasound in 
obstetrics. 

The use of ultrasound during operations which is called intraoperative ultra-
sound was started in 1960 [3]; however, it was not widely accepted in use because 
of limited experience and the quality of ultrasound machine. Bernard Sigel is the 
surgeon who first performed intraoperative ultrasound in biliary surgery; it was in 
1979, and later in 1980, he started using IOUS in hepatobiliary surgery. 

In 1980, intraoperative ultrasound became more popular and widely used in the 
field of hepatobiliary and pancreatic, vascular, and neurosurgery. 

In 1990, the use of intraoperative ultrasound became widely used, especially in liver 
surgery. And in the mid-1990s, the use of intraoperative ultrasound became a routine 
use in hepatic surgery; introduction of probes for open and laparoscopic surgery also 
added much in addition to the utilization of color Doppler flow ultrasound. IOUS 
is used for the assessment of pancreatic lesions, blood vessel invasion, lymph node 

23 



  

 
 

 

 
   

 

 

 
 
 

 
 

  
 
 

   
 

 

 

 

 

   
 

 
 

Surgical Challenges in the Management of Liver Disease 

metastasis, and also biopsy. The use of intraoperative ultrasound adds a lot of informa-
tion on the anatomy and pathology of the lesion to the surgeon when he is standing at 
the operation table and can change the decision of the surgical management. 

2. Use of intraoperative ultrasound for liver diseases 

Ultrasound is used for diagnosis and assessment of liver diseases mainly for 
tumors, like colonic metastasis since 1990 with the use of a transducer either linear 
or T-shaped 3.7 MHz. 

Intraoperative ultrasound can be used during an open or laparoscopic surgery; 
each approach has a unique probe. The use of ultrasound where the probe is put 
directly on the liver with no skin and abdominal wall interferes with the picture of 
the liver tissue. 

The use of IOUS in different diseases: 

1. Benign liver diseases 

2. Malignant liver tumors 

2.1 Benign liver diseases 

The liver is a very important intra-abdominal organ, which is involved in dif-
ferent diseases that either originate in the liver itself or by a lesion in another part 
of the body and involves the liver like hepatic metastasis of malignancy. There are 
benign liver diseases, which are diagnosed by imaging like ultrasound, computed 
tomography, and magnetic resonance imaging. 

2.1.1 Use of IOUS added changes in treatment of different benign liver lesions 

2.1.1.1 Hydatid liver disease 

Intraoperative ultrasound is used in surgery for hydatid liver disease. It is used 
routinely in our hospital. 

Once the abdomen is opened, we examined the liver manually for localization 
of the cysts, and defining the number, we use T-shaped ultrasound probe sterilized 
by glutaraldehyde and examine the liver with the team of our consultant surgeons 
who perform IOUS and had good training in ultrasound. We examine the number 
of the cysts and contents in relation to the blood vessels and bile ducts, and visible 
bile duct communication will be notified if it is visible. Intraoperative ultrasound is 
more superior and informative than CT and MRI for hepatic hydatid disease, and it 
is found of value in the following [6–12]: 

1. Localization of the cyst in relation to major blood vessels and bile duct. 

2. Helping in planning hepatotomy to reach deep-seated cysts. 

3. Aspiration and injection of deep-seated cysts—pair technique. 

4. Trans-choledochal hydatid cyst evacuation—this is a very rare operation that 
was done for a 20-year-old female patient admitted to Zliten Teaching Hospital 
with obstructive jaundice and with percutaneous ultrasound and MRI. The 
cause of obstructive jaundice was due to the daughter hydatid cyst coming 
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from the mother hydatid cyst which was a deep-seated hepatic hydatid cyst in 
segment VIII with communication to the bile duct which was cleared by MRCP 
(Figures 1 and 2). The surgery was performed to the patient with the use of 
IOUS. The common bile duct was opened, and the daughter cysts from the bile 
duct were removed with the help of IOUS the mother cyst was cleared from 
daughter cysts by approach through the communication with the bile duct, 
Endocyst was removed, and the residual cavity collapsed which is clearly seen 
by IOUS. A T-tube was put inside the common bile duct, and the patient was 
discharged and after 4 weeks she had a T-tube contrast study. The common bile 
duct was clear, there was no more cyst in the liver, and the patient was cured 
from the hepatic hydatid-induced obstructive jaundice (Figure 3). 

Hydatid cyst liver evacuated through bile duct. 
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CT scan liver showing residual cyst was done after two months after the surgery 

Figure 1. 
Showing the liver with hydatid cysts in a child, aged 9 years, which had preoperative ultrasound which showed 
few hepatic hydatid cysts, with the use of intraoperative ultrasound; 22 hydatid cysts were removed in spite of 
the CT scan reporting few cysts. 

2.1.1.2 Liver hemangioma 

Liver hemangioma is not a common liver lesion; it can have a small size or may 
increase in size and rupture and can be detected by percutaneous ultrasound, 
CT, and MRI. Intraoperative ultrasound is used for delineation and plans the 
resection of the hemangioma. Hemangioma can be differentiated from other liver 
lesions by contrast-enhanced intraoperative ultrasound. It can be compressed 
under ultrasound and seen by Doppler, which is a feature of the space containing 
blood. 
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Figure 2. 
Showing a patient with surgery for huge liver hydatid cyst. IOUS was used to scan the liver for other cysts and 
used in surgical approach to excise the cyst. 

Figure 3. 
Showing a big hydatid cyst in the liver. 

2.1.1.3 Intraoperative ultrasound study of the gall bladder and the bile duct 

With the development of transducers for intraoperative ultrasound, intrahepatic 
and extrahepatic bile ducts can be visualized with 7.5 MHz probes. We use T-shaped 
probes sterilized with glutaraldehyde solution or by gas sterilization; the probe can 
be covered with sterile sheet. Intraoperative laparoscopic ultrasound is used during 
laparoscopic cholecystectomy to visualize common bile lesions including stones, 
tumors, and gall bladder suspicious lesions either sludge or tumors. 

Laparoscopic intraoperative ultrasound can replace intraoperative cholangio-
gram for the detection of common bile duct stones which costs less and consumes 
less time [1, 2, 4, 5] (Figure 4). 

2.1.1.4 Liver cysts 

Benign liver cyst, which can be congenital or acquired with the use of intraop-
erative ultrasound, we can delineate and study the relation of the cysts to the blood 
vessels and the bile duct. 

2.1.1.5 Liver abscess 

Liver abscess is not common; once happened it can be localized and aspirated 
with the help of intraoperative ultrasound. 
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Figure 4. 
A 60-year-old female patient with carcinoma in the gall bladder; the tumor was resected completely with 
segment of the liver. 

2.1.1.6 Liver tumors 

For primary liver tumors and hepatocellular carcinoma, IOUS is very helpful 
in staging the tumor looking for any small lesions. It is very helpful in case of a 
cirrhotic liver, l for looking the extent of the lesion, relation of the blood vessel to 
the lesion. It is more useful if contrast-enhanced ultrasound is used. IOUS is more 
superior in detecting liver lesion than preoperative MRI and CT scan with sensitiv-
ity of 95–100% in comparison to others, 80% for CT, and 70% for percutaneous 
ultrasound. It is very helpful in liver resection for liver malignant tumors and will 
improve patient survival by taking safety liver resection; with the use of IOUS, 
limited liver tumor resection can be done in a non-segmental way and will improve 
patient survival especially in a patient with hepatocellular carcinoma with a back-
ground of cirrhosis [25–27, 29–33]. IOUS may have difficulty in detecting small liver 
lesion in a fatty liver; however, the use of contrast-enhanced ultrasound will be 
more beneficial [22–24, 28]. 

For cholangiocarcinoma of the hilar region and Klatskin tumor, intraopera-
tive ultrasound makes a difference in staging the disease and resection of the 
tumor. 

Use of IOUS in malignant hepatic tumors: 

1. IOUS scan for malignant liver lesions adds an outcome of 25–35% more over 
percutaneous ultrasound in liver resection and helps in defining the extent of 
the tumor and its relation to big blood vessels and the bile duct [13–21]. 

2. Helping in biopsy of liver lesions 

The use of IOUS at primary surgery of colonic tumor is as follows: In our hospi-
tal it is done when the operation is performed by senior surgeons, and we found it 
gives more information on the staging of the tumor. It is found more superior than 
CT scan and percutaneous ultrasound. 

2.1.1.7 Hepatic transplantation 

It is used for harvesting the liver and for following the patency of anastomosis of 
the blood vessels. 
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3. IOUS 

IOUS changed the surgical decision when used by hepatobiliary and pancreatic 
surgeons. The benefit of the use of IOUS in surgical treatment of a liver disease may 
reach to 41.9% according to documented studies and makes the use of IOUS for liver 
surgery of a big value. 

3.1 IOUS training 

1. Ultrasound is performed by the radiologist who had training and knowledge of 
operating on machines, and the radiologist and radiographer should be ready 
to perform the procedure in the right time. 

2. It is difficult to perform IOUS during emergency operations, if needed. 

3. Training of surgeons for the use of ultrasound during surgery needs time for 
different surgical operations. 

3.2 Methods of the use of IOUS 

1. Types of the transducer: the transducer can be for open surgery (linear or 
T-shaped). There are laparoscopic and robotic transducers which are used 
during laparoscopic surgery. 

2. Sterilization: the transducer needs either sterilization or cover with sterile 
sheet to be used in surgery. 

Sterilization and disinfecting the probes: 

a.The transducer has to be cleaned after finishing the work and dried with dry 
tissue paper. 

b.Use the sterile sheet cover over the transducer, and put sterile gel during the 
examination inside the cover. 

c. Use a disinfective solution like CISEx; the time is 12 minutes. Glutaraldehyde 
and dialdehyde are not used nowadays because they may cause inflammatory 
contact. 

d.Hydrogen peroxide. 

e. Plasma. 

3. Cover the ultrasound board with sterile sheet for the surgeon to use the board 
by himself. 

4. Full mobilization of the liver by the removing of the ligaments before the 
application of IOUS. 

5. Examining the remaining liver tissue for its blood flow and bile drainage. IOUS 
is a very crucial tool for modern liver surgery and changes the resection margin 
and the outcome. 
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6. When we examine the liver, we follow the portal veins and hepatic veins. 

7. Looking for the pattern of the blood vessels: the flow of the blood, clotting 
in the blood vessels, and the pedicle supply of the resected and remaining 
segments. 

Open surgery ultrasound transducer 

Laparoscopic ultrasound transducer 

Robotic ultrasound transducer 
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4. Conclusion 

Ultrasound is routinely used for the diagnosis of diseases. The use of ultrasound 
during surgery is applied for a long time, and it is used for surgical treatment of 
surgical liver diseases. It made a lot of changes in the management of malignant 
hepatic metastatic colonic tumors. Using IOUS for liver pathology will change the 
mode of treatment. It also helps in the ablation of liver tumors. IOUS is also used for 
surgical treatment of benign hepatic pathology like hydatid liver disease, liver cysts, 
bile duct stones, and bile duct tumors. It can replace intraoperative cholangiography 
when needed. The advantages of the use of IOUS in liver surgery are the following: 
it gives better informations about the liver involvement by the lesion than trans-
cutaneous ultrasound, CT scan, or MRI; it will show small lesions which may not 
be seen by the other modalities; it helps in outlining the resection line when liver 
resection is planned; it gives informations about the relation of the blood vessels 
to the lesion; it gives information about the bile duct anatomy; and it can replace 
intraoperative cholangiogram if needed. Disadvantages of IOUS in liver surgery are 
the following: it needs special training for the surgeons, it adds more work for the 
radiologists if it needs to be done by the radiologist, and it is difficult to be used in 
emergency surgery like where patients are operated on malignant bowel obstruc-
tion to check whether the patient has liver metastasis or not. This is because of 
availability of the trained surgeon or trained radiologist and the availability of the 
equipment. The use of IOUS in liver surgery will add more cost, and it may not be 
possible in hospitals where the resources are restricted. 
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Chapter 4 

Damage Control in Liver Surgery 
Ali I. Yahya 

Abstract 

Damage control surgery is an old type of surgery practiced for many years 
to save the lives of badly injured patients. Damage control was first practiced 
in the American navy where a damaged vessel would receive minimal repair to 
keep it afloat. This translates to the field of medicine where minimal surgery 
is performed to save the life of a patient, and minimal action is taken to avoid 
major ailments, including hypothermia, acidosis, and coagulation defects dur-
ing major trauma. Before World War II damage control surgery was popular, but 
later this type of surgery was abandoned. However, with a better understanding 
of the physiology of trauma and a revision of the outcome of badly injured 
patients, surgeons have reverted to damage control surgery, for example the 
packing of bleeding organs such as the liver and the controlling of sepsis, rather 
than taking patients to intensive care for further assessment. Damage control 
surgery has many benefits for badly injured patients and improves their chances 
of survival. 

Keywords: liver trauma, perihepatic packing, acidosis, hypothermia, 
hypercoagulability 

1. Definition of damage control 

Damage control is defined as measures that are taken to minimize damage 
whether physical or non-physical. In emergency surgery it is the immediate action 
taken to stop bleeding and/or minimize sepsis, rather than taking the patient to 
intensive care for assessment. Damage control was first practiced in the American 
navy where a damaged vessel would receive minimal repair to keep it afloat. 

2. History of damage control surgery 

In ancient times, Greek and Roman physicians tried to use different modalities 
available at the time to save the lives of patients bleeding to death due to traumatic 
and non-traumatic causes. Millions of patients die around the world from bleed-
ing each year. The liver packing technique, a highly effective technique to control 
bleeding, has been used in surgery for more than 100 years, where gauze packing 
is placed inside the liver wound to control the bleeding. Organ packing was used 
before World War II to control bleeding from liver wounds. Perihepatic packing goes 
back to 1908 when James Hogarth Pringle was the first surgeon to perform packing 
to stop massive bleeding from damaged liver at the Royal Glasgow Infirmary [1–3]. 
In 1913, Halstead used a rubber sheet between the gauze packs and the damaged 
liver tissue. After World War II, liver packing for a massively bleeding liver fell 
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into decline. During the war the number of trauma patients with liver injury had 
intrahepatic packing to stop the bleeding. Trauma surgeons reported complica-
tions due to packing such as bleeding and abscesses, and since the war packing has 
been banned. From 1955 onwards, Madding, Lucas, and Ledgerwood performed 
liver packing on their patients and achieved good results. In 1981, David Felaciano 
performed liver packing on his patient [3], which gave potential results. In 1983, 
Harlan Stone was the first surgeon to follow damage control surgery by minimiz-
ing emergency surgery on exsanguinating patients from bleeding trauma due to a 
coagulation system defect [4], and performed periorgan packing, terminating the 
surgery on those unwell patients [5–7]. With the development of surgery and a bet-
ter understanding of the physiology and pathology of trauma with different multi-
center studies on the outcome of hepatic trauma, trauma surgeons reverted to the 
practice of ancient surgeons and used packing for bleeding organs. The decision to 
undertake damage control surgery should be decided as early as possible before the 
patient succumbs to the lethal triangle of acidosis, hypercoagulability, and hypo-
thermia. By using damage control, 5 to 65% of patients may be controlled by pack-
ing. In 1970, no patients with uncontrolled massive liver injury were being treated 
with packing. In 1993, Rotondo and Schwab used the term damage control for the 
packing of bleeding organs [8–10]. Peitzman reported good results with damage 
control for major liver injury. Packing followed by angioembolization has produced 
excellent results [11]. Asensio had excellent experience with damage control surgery 
and produced excellent work in this regard. From 1990 to 2000, damage control was 
successfully applied in the management of severe abdominal trauma. 

3. Stages of damage control surgery 

Damage control surgery for patients with trauma or other non-traumatic surgery 
goes in danger of life if complete surgery. There are indications for damage control 
surgery, for example absolute indications and relative indications; however, it is 
better not to wait for indications. 

Absolute indications include the following: 

1. Acidosis, where the pH is less than 7.2. 

2. Deranged clotting, where the patient bleeds, prolonged prothrombin time, and 
activated partial thromboplastin time. 

3. Hypothermia, where the patient’s temperature is less than 34°C. 

These indications should be prevented [12]. 
Relative indications 

1. Major intra-abdominal bleeding, which is very difficult to control. 

2. Low blood pressure, where the carotid artery is weak or not palpable, systolic 
blood pressure is less than 70 mmHg, and tachycardia is evident. 

3. Prolongation of time to control the bleeding is over 90 min. 

4. Association with extra-abdominal injury. 

5. Transfusion with more than 10 units of blood. 
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Stage I of damage control surgery is where the patient is taken to the operat-
ing theater and undergoes minimal and necessary surgical operations [13–15]. 
The above three usual causes following injury are leading causes of death in 
patients. 

Massive transfusion, acidosis, and hypothermia have been considered as 
significant contributors to deranged clotting and coagulation manifestations. 
Hypothermia is caused by keeping the abdomen open for a long time, cold intrave-
nous fluid, and blood. Acidosis happens due to low cardiac output. Tissue hypoxia 
techniques may include: 

1. Removing a bleeding spleen or kidney. 

2. Resection of devitalized bowel injury without performing anastomosis. 

3. Packing a bleeding liver/packing a bleeding area. 

4. Inserting vascular shunts. 

5. Leaving the abdomen opened to prevent abdominal compartment syndrome 

Stage II of damage control consists of: 

• Admitting the patient to the intensive care unit, where the patient should be 
kept on a ventilator with complete relaxation and analgesia. 

• Correcting for acidosis. 

• Correcting for clotting by giving fresh frozen plasma and fresh blood. 

• Correcting for hypothermia by warming both the patient and the fluid. 

• Preventing complications such as infection, deep vein thrombosis, and adult 
respiratory distress syndrome (ARDS), which may happen in the intensive care 
unit. 

Stage III of damage control ensures that once the patient is hemodynamically 
stable, he or she should be taken to the operating theater again within 24–72 h 
where the following procedures can be performed: removal of abdominal packs, 
removal of devitalized tissue, anastomosis of bowel, removal of shunts and per-
forming vascular anastomosis, performing feeding jejunostomy, and closure of the 
abdominal wound. 

4. Complications of damage control surgery 

Intra-abdominal hypertension and abdominal compartment syndrome are the 
main and most serious complications of abdominal damage control surgery where 
intra-abdominal pressure rises above the normal level, which is 12 mmHg, and 
where the intra-abdominal pressure rises above 20 mmHg, which will affect the 
arterial perfusion pressure and result in organ dysfunction or failure; the condi-
tion will be labeled as abdominal compartmental syndrome. The following vital 
organs will be affected: kidneys, heart, lungs, liver, and gastrointestinal system. 
Its incidence ranges from 14% in patients with severe abdominal trauma to 50% in 
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patients with severe trauma where the intra-abdominal pressure is above 12 mmHg. 
Perfusion of the vital organs is affected by intra-abdominal pressure (organ perfu-
sion pressure = mean arterial pressure − intra-abdominal pressure). Once the 
intra-abdominal pressure is raised, perfusion to the vital organs will be decreased. 
The increase in intra-abdominal pressure is due to tissue edema; this edema could 
be bowel wall edema or edema of any intra-abdominal tissue, fluid overload by 
resuscitation, or capillary leakage because of inflammatory mediators released 
during trauma/sepsis. 

5. Physiological effects of abdominal compartment syndrome 

1. Renal function: because of the increase in intra-abdominal pressure, organ 
perfusion pressure will be reduced and renal blood flow will be reduced; 
glomerular filtration rate is reduced and urine output will decrease; the patient 
will suffer renal failure. 

2. Cardiac function: increased intra-abdominal pressure will compress the 
vena cava and will result in reduced venous return; cardiac output will be 
reduced. 

3. Lungs function: increased intra-abdominal pressure will result in reduced 
diaphragmatic movement, and will cause hypoventilation, increased airway 
pressure, and reduced lung compliance. All will end with hypoxia and hyper-
capnia, and because of sepsis and fluid overload will cause acute lung injury 
(ARDS). Prolonged lying down in the intensive care unit will be accompa-
nied by deep vein thrombosis and can be followed by pulmonary embolism. 

4. Liver function: hepatic blood flow will be reduced, impaired metabolism of 
glucose, lactate. 

5. Gastrointestinal function: because of increased intra-abdominal pressure, 
bowel perfusion is reduced, and there will be bacterial translocation. 

6. Central nervous system function: increased intra-abdominal pressure will 
cause a rise in intrathoracic pressure and increased central venous pressure 
will cause increased intracranial pressure and reduced cerebral perfusion 
pressure. 

Forms of intra-abdominal pressure can be measured as follows: 

1. Urinary bladder pressure, which is best measured by Foley’s catheter. 

2. Gastric pressure measured by nasogastric tube. 

3. Trans-peritoneal needle connected to a monitor or manometer will detect 
intra-abdominal pressure. 

4. Colonic pressure. Intra-abdominal hypertension is measured in grades: 
Grade I when the pressure is 12–15 mmHg. 
Grade II when the pressure is 16–20 mmHg. 
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Grade III when the pressure is from 21 to 25 mmHg. 
Grade IV when the pressure is above 25 mmHg. 
The incidence of abdominal compartment syndrome among severe trauma 
patients ranges from 1 to 14%. 

Clinical presentation: 

1. Pale-looking body color and hypotension. 

2. Oliguria. 

3. Breathlessness. 

4. Abdominal distension. 

5. Raised jugular venous pressure. 

6. Peripheral edema. 

Investigations: 

No specific investigations, only clinical suspicion, measuring the abdominal 
pressure, and X-ray of the abdomen will show distension of bowel loops; a CT scan 
will show bowel wall edema. 

Treatment of abdominal compartment syndrome: 
It is better prevented than treated. 

1. Urgent release of abdominal compartment tension by celiotomy. 

2. Ventilator support. 

3. Analgesia. 

When applying damage control surgery in trauma patients, it is advisable to leave the 
abdomen open. 

Management of open abdominal wound in cases of damage control surgery: 

1. To avoid onset of compartment syndrome the abdominal wall should be left 
completely open or there should be partial approximation of the wound edges or 
skin only. If the abdomen is left completely open, the patient should be kept on a 
ventilator and completely paralyzed to avoid eviceration of the bowel outside the 
abdomen [16]. A plastic bag can be fixed to the edges of the abdomen wall with 
continuous stitches or skin clips like a sterile urine bag; towel clips, zipper sheath, 
and surgical mesh can also be used. This type of dressing allows the clinician to 
inspect the viscera, does not lead to increased intra-abdominal pressure, will not 
adhere to the bowel, and will be easier to remove. Once the patient improves and 
abdominal pressure is back to normal the abdominal wound can be closed. The 
patient may develop an incisional hernia, which can be dealt with later. 
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2. Intra-abdominal sepsis, because of the presence of gauzes inside the abdomen, 
will cause bacterial overgrowth. Major trauma may also be associated with 
bowel injury and contamination. Prolonged manipulation surgery and blood 
transfusion will also enhance bacterial overgrowth. 

3. Missed organ injury like bowel injury if not recognized will result in a fistula 
between the bowel and the abdominal wall. 

4. Bowel obstruction may be because of major surgery and gauzes left for some time. 
The bowel will stick at the inflammatory site and will result in bowel obstruction. 

5. Hernia (abdominal wall hernia) may develop because of multiple surgeries and 
the abdomen being left open, resulting in weakness of the abdominal wall. 

6. A longer stay in hospital or the intensive care unit may be inevitable. 

7. Bile leak, collection of bile, and hemobilia may occur. 

8. Vascular complications include hemorrhage, arteriovenous fistula, pseudoa-
neurysm and occur in 20–45% of patients with grade III to IV injury. 

9. Bed sores can result from prolonged stays in the intensive care unit. 

Figures 1–3 show a patient who had damage control laparotomy for intra-
abdominal bleeding, where the abdomen was not closed. 

Figure 1. 
Patient after major abdominal trauma, where the abdomen is left open. 
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Figure 2. 
Patient after major abdominal trauma, where the abdomen is closed with the use of a sterile plastic sheath, 
where we used sterile urine bag. 

Figure 3. 
The wound is approximated and not closed completely. 
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6. Benefits of damage control surgery 

Damage control surgery is self-explanatory and it shows a big change in emer-
gency surgery management. It has benefits for patient management: 

1. Patients with massive uncontrolled hemorrhage can be saved from death by 
following the stages of damage control surgery, and the three biggest risks to 
patients are acidosis, hypothermia, and coagulopathy. 

2. Mortality and morbidity can both be reduced. 

3. A massively bleeding organ can be packed and the patient can be booked for 
another session of surgery where correction of acidosis, hypothermia, and 
coagulopathy can be performed, where the patient can be shifted to a tertiary 
center for surgery by a more qualified team [8]. 

4. Surgery can be deferred until an experienced surgeon is available, for example 
in places of combat. 

7. Zliten Teaching Hospital’s experience with damage control surgery 

Zliten is a busy teaching hospital and provides medical and surgical treat-
ment and nursing care for general and injured patients. It was heavily work-
loaded with injured people during the Libyan war in 2011 and is still receiving 
patients associated with weapon injury, in addition to other traumas such as 
road traffic accidents. In 1991, an 18 years-old Libyan, the first patient who had 
received perihepatic packing after severe liver injury grade IV, developed renal 
impairment, liver impairment, pleural effusion, and intestinal obstruction. 
He survived with major multiorgan insult and now is a medical doctor. The 
operative mortality of damage control is approximately 12% in Zliten hospital 
(Figures 4–6). 

8. Experience of Zliten Teaching Hospital with damage control surgery 

This experience was gained over a period of 27 years from 1991 to 2018. The 
number of patients with liver trauma is 324, with a female to male ratio of 26:298. 

Most of the patients are between 20 and 40 years of age. Patient statistics are as 
follows: 

Over 27 years, before the war, during the war, and after the war the number of 
patients with major liver trauma: 324. 

Number of patients with perihepatic packing: 96. 
Patients who survived after packing: 88. 
Patients who died during packing and after packing: 8. 
Patients who had the packs removed after 72 h: 76. 
Patients who had repacking after 24 h: 4. 
Patients who had packing removed at 48 h: 8. 
Packing for non-trauma intra-abdominal bleeding: 5 patients. 
Packing bleeding after hydatid liver surgery: 1 patient. 
Massive bleeding postcholecystectomy with retrohepatic varices: 1 patient. 
Massive bleeding after hepatic artery injury during postcholecystectomy: 1 

patient. 
Intragastric packing for gastropathy: 1 patient. 
Intraurinary bladder packing for bleeding from prostatic tumor: 1 patient. 
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Figure 4. 
Diagram showing major liver trauma at Zliten Teaching Hospital over a period of 27 years. 

Figure 5. 
Removal of the packs. 

Figure 6. 
Packing for trauma and non trauma intra-abdominal bleeding. 
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Complications after damage control surgery noticed among patients: 

1. Bile leak: 4 patients stopped by themselves. 

2. Wound dehiscence: 3 patients. 

3. Bowel obstruction: 2 patients. 

4. Postoperative jaundice: 3 patients due to massive transfusion. 

5. Renal impairment: 1 patient. 

6. Intra-abdominal abscess: 1 patient. 

7. Intra-abdominal compartment syndrome: 4 patients. 
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Chapter 5

Standard Open Right
Hepatectomy
Luis Cesar Bredt

Abstract

The evolution of hepatic resection from an imprecise removal of portions of the
liver often associated with a mortality rate of up to 20% to a routine and controlled
anatomic procedure with operative risk less than 5%, represents a major advance in
modern surgery. This accomplishment has been made thanks to better understand-
ing of the liver vascular and biliary anatomy, recognition of the functional reserve
of the liver and the potential for regeneration, advances is surgical technique as well
as anesthesia and perioperative care. These factors, along with the improvement of
prolonged survival following hepatic resection for colorectal metastases, hepatocel-
lular and cholangiocarcinoma have led to an expansion of liver surgery. In this
chapter, we will give the evolution of the technique used for the standard open right
hepatectomy. In addition, we will describe on detail our technique employed for
right hepatectomy focusing on indications, preoperative preparation and specific
technical aspects.

Keywords: hepatectomy, open right, liver resection

1. Introduction

The evolution of hepatic resection from an imprecise removal of portions of the
liver often associated with a mortality rate of up to 20% to a routine and controlled
anatomic procedure with operative risk less than 5%, represents a major advance in
modern surgery. This accomplishment has been made thanks to better understand-
ing of the liver vascular and biliary anatomy, recognition of the functional reserve
of the liver and the potential for regeneration, advances is surgical technique as well
as anesthesia and perioperative care. These factors, along with the improvement of
prolonged survival following hepatic resection for colorectal metastases, hepatocel-
lular and cholangiocarcinoma have led to an expansion of liver surgery.

In this chapter, we will give the evolution of the technique used for the standard
open right hepatectomy. In addition, we will describe on detail our technique
employed for right hepatectomy focusing on:

• Indications

• Preoperative preparation

• Specific technical aspects
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ing of the liver vascular and biliary anatomy, recognition of the functional reserve 
of the liver and the potential for regeneration, advances is surgical technique as well 
as anesthesia and perioperative care. These factors, along with the improvement of 
prolonged survival following hepatic resection for colorectal metastases, hepatocel-
lular and cholangiocarcinoma have led to an expansion of liver surgery. 

In this chapter, we will give the evolution of the technique used for the standard 
open right hepatectomy. In addition, we will describe on detail our technique 
employed for right hepatectomy focusing on: 

• Indications 

• Preoperative preparation 

• Specific technical aspects 
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2. Surgical anatomy 

It was the work from our center conducted by Bismuth [1] which introduced to 
the English speaking word, the segmental approach to liver surgery, which in turn 
was based on the anatomical description of the liver by Couinaud [2]. The two liver 
lobes are divided into four segments with defined blood inflow and outflow as well 
as biliary drainage. The fibrous Glissonian sheath surrounds the branches of the 
segmental structures, whereas the hepatic veins lie between the pairs of the liver 
segments [3, 4]. 

For further details on liver anatomy of interest for surgeons performing liver 
surgery the reader is referred to the chapter on liver anatomy on this book. 

3. Indications 

Currently, hepatic and right liver resections may be required in a wide variety of 
conditions, including pathological processes which are limited to the respective 
right side of the liver. Partial right hepatectomy in the treatment of primary (benign 
or malignant) liver tumors, biliary tract tumors and secondary malignant tumors 
are the most common indications. Partial right hepatic resections may also be 
necessary in the management of complex cystic diseases, benign biliary stenoses, 
some hepatic trauma, and more recently in liver transplantation with live donors. 
Total hepatectomies are reserved for situations of liver uptake in cadaveric donors 
and hepatic replacement in the hepatic transplant recipient. 

4. Different techniques of hepatectomy 

The modern era of anatomic resection dates as far back as 1950s, when Lortat-
Jacob [5] reported the technique of right hepatectomy by performing an initial 
dissection, ligation and division of the right hepatic artery, portal vein and right 
hepatic vein, followed by parenchyma transection with intrahepatic isolation of the 
vessels. Although, this technique is advantageous as it reduces the bleeding during 
the parenchyma transection in addition to displaying the demarcation line between 
healthy and ischemic parenchyma, it is associated with serious complications such 
as major bleeding and air embolism (if the right hepatic vein is injured during the 
dissection of its non-parenchymal route). For this reason, Lortat-Jacobs’ original 
technique [5], was later modified by preceding the portal and hepatic vein dissec-
tion by supra- and infra-hepatic caval control. This technique has, however, two 
drawbacks: firstly, the already mentioned risk of trauma to the hepatic vein, and 
secondly, the possibility of devascularization of parts of remaining liver in cases of 
anatomical variations. In addition, during a right hepatectomy, the extrahepatic 
ligation of the right pedicle is associated with a risk of ligation of the biliary con-
vergence situated anterior to the origin of the right portal branch. 

In contrast, these complications are less frequent with the technique described 
by Tung and Quang [6] which entails an initial parenchymal dissection with 
intrahepatic control of the vessels. 

Although, other techniques have been described, generally most liver surgeons 
use a combination of these techniques often applied in accordance to case specifics. 

The technique we use, first described by Bismuth [7], consists of an initial hilar 
dissection to control the arterial and portal components without touching the biliary 
duct (Figure 1). 
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Figure 1. 
Control of the arterial and portal components without touching the biliary duct. 

The control of right hepatic vein can also be done at this stage, however, this is 
not essential and should be avoided if difficulties are anticipated. This technique has 
the advantage of preceding the parenchymal section by the selective control of the 
right arterioportal and right hepatic components (as in the technique described by 
Lortat-Jacob) [5] and tie the vessels in the hepatic parenchyma (as in the technique 
described by Ton That Tung) [6]. 

5. Preoperative evaluation 

Before any decision to perform a major surgical procedure could be made there 
is a need for a thorough pre-operative evaluation of the patients focused on the 
general physical status as related to the requirements of the planed operative pro-
cedure. All factors needed for a proper evaluation of the risk and possible gain from 
the patient’s point of view should be taken into account. In this aspect liver resection 
does not differ from any other major surgical resection. However, there are factors 
that are specific to liver resection: the risk for massive intraoperative hemorrhage 
and postoperative functional hepatic insufficiency. The preoperative evaluation of 
the functional capacity of the remaining liver is difficult and there are no strict and 
objective rules and specific knowledge and experience is required. In general, to 
determine the indications for surgery and the possible course of the prognosis 
following the surgical treatment, evaluation of liver cell integrity, excretory, and 
metabolic performance as well as the expected temporary ischemia and the effects 
of the anesthesia are all of importance [8]. Risk factors should be taken into account 
particularly fibrosis/cirrhosis or small future remnant volume and the question 
whether resection safety can be increased by portal vein embolization (PVE) should 
be examined preoperatively [9]. 

Also, the preoperative evaluation should aim at clarifying the following questions: 

• The extent of the pathological lesions. 

• Detailed evaluation of the pathological lesions within the hepatic parenchyma 
and the relationship with important structures such as vascular and biliary 
components. 

In this regard, a three phase spiral computerized tomography (CT) and a mag-
netic resonance (MR) can be of a significant help. However, further information 
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and accuracy with great clinical benefit during the preoperative evaluation is 
obtained from 3D CT or MR reconstruction, vascular reconstruction as well liver 
volume measurements. 

6. Operative procedure 

6.1 Installation 

The patient is placed on supine position. The right arm is placed along the body 
wrapped in a drape whose ends pass under the back of the patient. The left arm is 
stretched at 90°. For anesthesiological monitoring, central venous lines and an arterial 
pressure sensor are placed. A gastric tube may be used to decompress the stomach. 

The surgical field usually extends from the lower half of the chest to the pubic 
symphysis. The patient’s head is turned to the right and fixed on this position by 
Elastoplast® tape in order to expose the left jugular triangle. The site of the abdom-
inal incision is marked and the entire operative field is then covered. For large 
tumors requiring a thoracoabdominal incision or median sternotomy, the entire 
chest is included in the surgical field. 

6.2 Surgical incision 

An optimal surgical approach is a prerequisite for safe, controlled liver resection. 
For right hepatic resection, we use almost exclusively an abdominal approach. This 
involves a median incision with right transverse extension (Figure 2). 

Depending on the case, the incision usually can be extended cranial over the 
xiphoid process. A bicostal incision may provide a very good exposure suitable for 
almost all types of standard hepatectomies. 

Extension of the incision into the chest is exceptional, however, in extreme cases 
the incision can be extended further by a partial sternotomy, giving an excellent 
exposure of the suprahepatic vena cava. Similarly, a thoraco-phreno-laparotomy is 
used rarely for very large tumors of the right lobe or the upper right lobe preventing 
the mobilization and control of the suprahepatic vena cava. 

Figure 2. 
Median incision with right transverse extension (modified Makuuchi incision). 
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6.3 Abdominal exploration 

This step involves a complete exploration of the abdominal cavity paying special 
attention to the liver in order to identify possible undiagnosed lesions which could 
constitute a contraindication to liver resection. In general, it is possible to perform 
this step via a limited right subcostal incision. The first part of the exploration 
involves a manual palpation which is focused on the left liver, porta hepatis (in 
particular the lower posterior aspect) and the coeliac region. Division of the 
ligamentum teres and the falciform ligament along the anterior surface of the liver 
facilitates the exploration. The elevation of the ligamentum teres helps to expose the 
inferior surface of the liver and the area of the hilus as well as umbilical fissure. 
Performing this step (elevation of the ligamentum teres) helps to identify and 
better estimate lesions which can be potentially missed or underevaluated. Explo-
ration should also include the inferior quadrants of the abdomen looking for 
adenopathy, peritoneal carcinomatosis or any lesion indicating colonic recurrence. 
Frozen section biopsies should be done for suspected lesions. 

The second part of the exploration involves performing an ultrasound (US) 
examination of the liver. The US helps to identify previously undetected lesions 
and to clearly delineate anatomical landmarks in the relation to the tumor [10]. 
The intraoperative US is particularly beneficial for deep seated lesions <10 mm in 
diameter as identification of these lesions may influence the surgeon to change the 
strategy and/or tip the balance against a curative resection. In addition, US may 
identify anatomical variations that may make the resection more difficult, such as 
accessory hepatic veins or common origins of the portal pedicles [11]. Finally, 
ultrasound is an indispensable aid when the anatomy is altered by a previous 
hepatectomy. If the exploration (manual and by US) is negative, the incision is 
enlarged to start the mobilization of the liver. 

6.4 Liver mobilization 

Following the division of the ligamentum teres, the posterosuperior remaining 
part of the falciform ligament is incised and divided as far back as the suprahepatic 
IVC. The space between the right hepatic vein (RHV) and middle hepatic vein 
(MHV) is dissected 2 or 3 cm in the caudal direction. In a similar fashion, the 
perihepatic attachments (right and when required left coronary ligament) are 
divided. This begins from the right lateral side and continues to the inferior peritoneal 
reflection exposed by retracting the right lobe anterosuperiorly. During this stage it is 
important to stay in close contact to the liver surface so to avoid entering the 
retroperitoneum. Failure to do so may result on profuse bleeding from severed 
retroperitoneal veins, which at times can be very dilated, particularly in patients with 
portal hypertension. Similarly, after dividing the upper lamina of the coronary liga-
ment, care should be taken not to enter the thickness of the diaphragm as it can cause 
bleeding which often requires a time consuming hemostasis. In addition, adhesions 
between liver and diaphragm when present should not be digitally dissected (espe-
cially with a cirrhotic liver) as this approach is associated with a real risk of liver 
decapsulation leading to massive bleeding. 

Multiple short Spigelian veins between the IVC and posterior surface of the liver 
are ligated and divided as the liver is retracted anteriorly and laterally to the left. If 
an inferior right hepatic vein/s are present (>5 mm) it is crucial to ligate and divide 
them as they are a potential source of major bleeding. During this stage, one often 
encounters a band of ligamentous tissue extending from the liver to the right lateral 
aspect of the vena cava and in some patients this represents a small bridge of liver 
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parenchyma. Regardless the nature, this too requires ligation and division as most of 
the time this band contains one or two veins. 

After the right liver is fully mobilized, the space between the RHV and the MHV 
in the anteromedian surface of the vena cava is carefully dissected using a right 
angle forceps through which a tape is passed around to control the root of the RHV. 
Having achieved this, laparotomy pads are placed behind the liver to enhance the 
exposure of the right lobe necessary for the parenchyma resection. 

It is not unusual that during mobilization to find right lobe tumors attached to 
the diaphragm. The surgeon should either separate these attachments or in some 
cases resect a segment of the diaphragm which can be subsequently repaired. 
Tumor attachment/s to the diaphragm should not be considered as distal metastatic 
lesions and should not influence the surgeon to abandon the planed resection. 

6.5 Hilar dissection 

After cholecystectomy, the right lateral aspect of the hepatoduodenal ligament is 
incised longitudinally just posterior to the bile duct, followed by a hilar dissection to 
identify and achieve control of the right hepatic artery (RHA) and right portal vein 
(RPV). The right hepatic artery is identified during the cholecystectomy. Anomalies 
such as having a right hepatic artery originating from the superior mesenteric artery 
or posterior location in the hepatoduodenal ligament should always be kept in mind 
if injuries are to be prevented. Ideally, these possibilities should be excluded during 
the preoperative work-up by CT angiography imaging. The artery is traced to its left 
sufficiently to identify with certainty its junction with the proper hepatic artery 
after which the right branch is controlled. 

The next step involves the exposure of the portal vein. Using gently a blunt right 
angle forceps, the trunk of portal vein is dissected anteriorly and posteriorly and a 
traction tape is passed around this vessel. Dissection is then continued into the 
hilum of the liver to expose the bifurcation of the portal vein, where the right 
branch is freed up and controlled by a vascular tape. During this step, one should be 
careful to avoid two possible complications. First, the left portal vein tends to pass 
directly away from the operator and care must be taken not to injure it. Second, the 
possibility of small tributaries from the right portal branch to the caudate lobe 
should always be kept in mind as failure to do so may lead to cumbersome bleeding 
from such very fine veins. Hilar dissection is completed by tracing the common bile 
duct into the hilum where the right and left branches are seen. Insertion of a small 
catheter through the cystic duct stump and up into the left and right ducts can be 
useful to identify these structures as a preparation step for eventual division (during 
the parenchyma transection). 

An initial occlusion of RHA and RPV with bulldog clamps will reveal a demar-
cation line on the liver surface that corresponds to the transection plane, which is 
marked with electrocautery. The isolation and clampage of the right arterial and 
portal branches is advantageous as it allows selective clamping without inducing 
ischemia in the contralateral site of the liver [12–14]. 

One important point to remember is that at the end of this step the surgeon has 
two options. First, as described above to dissect and control the vascular compo-
nents (right hepatic and portal branch) followed by parenchyma transection. 
Second, to dissect, ligate and divide the vascular components before commencing 
the parenchymal transection. The choice will depend on the case particulars and 
on the surgeons’ preference. 
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6.6 Parenchymal transection 

After selectively controlling the right lobe inflow and outflow, transection of 
the parenchyma is commenced along the marked line running from an 
anteroinferior to posterosuperior direction near the diaphragmatic hiatus of the 
IVC for early exposure of the middle hepatic vein. The transection is done using 
either a Kelly clamp or ultrasonic dissector with selective occlusion of the vascular 
inflow (RHA and RPV). While the ultrasonic dissector is highly effective for 
exposure of the periportal pedicles, care must be taken with this instrument when 
dissecting in close contact to the hepatic veins whose walls are extremely fragile. 
In addition, one should be always aware of the location of the tumor to achieve a 
negative histologic margin. When the resection is performed in a fibrous or cir-
rhotic liver, using a small Kelly clamp (kellyclasie) to carry out the transection 
may be preferable. As parenchymal division proceeds, pedicles including the 
larger branches originating from the hepatic veins are tied with silk 4.0. We do not 
use metal clips or absorbable material to achieve the hemostasis in transection 
surface of the remaining parenchyma. In our experience, the clips can easily be 
removed/dislodged during manipulations, by vigorous suction or when the liver 
becomes very congested or edematous leading to unnecessary bleeding and time 
delay to control it. 

Care must be taken to preserve the middle hepatic vein by carefully ligating its 
branches to the anterosuperior and anteroinferior segments of the right lobe and 
by preserving the venous drainage of the medial segment of the left lobe. The 
parenchyma is divided in an anteroposterior direction until the anterior surface of 
the IVC is exposed. Before the specimen is removed it is necessary to divide the 
right portal pedicle and right hepatic vein. The right hepatic artery already con-
trolled is double ligated with nonabsorbable suture (Cardionyl® 4.0), whereas the 
portal vein is sutured transversely with Cardionyl® 5.0 in order to prevent stric-
ture of the remnant portal trunk. At this stage, the right biliary duct as the only 
remaining anatomical structure of the pedicle is in turn divided and closed with 
PDS 6.0. The right hepatic vein as the last structure holding the specimen, clearly 
exposed by a combined approach (extrahepatic dissection above the liver and 
laterally along the vena cava as well as medially by the parenchymal transection) 
is double clamped using DeBakey clamps and divided leaving sufficient length to 
perform a secure closure with Prolene® 4.0, or it may be divided using a vascular 
stapler. Alternatively, the right hepatic vein can be controlled and divided 
intrahepatically during the parenchyma transection. However, extrahepatic con-
trol reduces blood loss as the liver is divided and is very important maneuver for 
tumors close to the vena cava. Following the removal of the specimen, it is 
important to check for possible bile leaks by injecting methylene blue either via 
the cystic duct stump or the stump of the right bile duct before closing it. Bile 
leaks on the resection surface are easily visualized and selectively closed by using 
monofilament sutures. With the described technique for the parenchymal tran-
section, the cut surface is usually dry, however, when required the hemostasis is 
achieved by gentle manual compression combined sometimes with application of 
biological fibrin glues. 

Following resection, torsion of the mobilized left lobe may occur which can 
potentially lead to either kinking of the vessels in the hilum or the left hepatic vein. 
By refixing the falciform ligament this complication can be prevented. In addition, 
the diaphragmatic veins, vena cava, the surface of the parenchyma, hepatic artery 
and the integrity of the bile duct are checked before abdominal closure. 
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6.7 Technical variations 

6.7.1 The liver hanging maneuver 

In 2001 Belghiti described a technique termed the “liver hanging manoeuvre” 
(LHM). In this procedure, the liver is lifted by a tape passed between the anterior 
surface of the vena cava and the liver, thereby providing effective vascular con-
trol, in order to make the anterior approach safer and easier [15]. 

The classic technique was first described to facilitate right hepatectomy by 
the anterior approach. In this first variant of the procedure, the anterior aspect of 
the suprahepatic IVC is exposed and the space between the right hepatic vein 
(RHV) and the middle hepatic vein (MHV) is dissected along the IVC axis for 2– 
3 cm, and when the dissection is complete, the hepatic parenchyma is looped up 
with a tape. 

During the parenchymal transection, continuous upwards traction is applied 
on the tape by holding both its ends together. The tape ensures the safety of the 
underlying major vascular structures during transaction in a manner akin to 
dissecting on the finger to protect an important underlying structure. The tape 
elevates the liver, making it easier to transect, and constantly guides the surgeon 
towards the correct plane, thereby enabling a vertical transaction along the 
shortest possible route. The traction on the tape can also be regulated to provide 
control in instances of venous bleeding to help identify the vessel. 

In “up to down” technique, the classic technique is modified in order to increase 
its security that no major bleeding occurs during the maneuver [16]. The entire 
blind dissection of the RHIVC tunnel is performed in a craniocaudal direction in 
order to avoid the possible risk of RHV or MHV injury by the clamp inserted 
caudally. The maneuver is begun between the RHV and MHV, this space usually 
does not contain SHVs [17], and can be safely dissected for 3–4 cm downwards with 
a right-angled vascular clamp without any risk. The long axis of the RHIVC does not 
always represent a straight perpendicular line, but may take a straight-oblique or 
slightly curved course [17]. For this reason the dissection should be performed along 
a right oblique axis rather than in vertical direction to reduce the risk of injury to the 
caudate processus vein. 

6.8 Drainage 

Drainage is carried out by silicone drains. Two drains are brought out on the 
lower edge of the surgical incision, one placed on the right subdiaphragmatic space 
near the resected surface, whereas the second drain whose end lies in the foramen 
of Winslow is placed under the liver. In general, we believe that hepatectomies 
should be drained as this measure reduces the risk of postoperative hematoma 
formation or bile collection. 

7. Immediate operative care 

The patient is kept in ICU for a minimum of 12 h in order to begin monitoring 
potential postoperative complications (Table 1). 
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• Bleeding 
• Post-hepatectomy liver failure 
• Biliary fistula 
• Post-operative ascites 
• Surgical infection 
• Coagulation disorders 
• Pulmonary infection and respiratory disorders 
• Acute kidney injury 
• Hepatorenal syndrome 

Table 1. 
Potential postoperative complications of right hepatectomy. 

8. Final considerations 

The adoption of a specific technique for right hepatectomy is related to the 
preference of the surgeon and for each specific situation, however, it is desirable 
that surgeons are familiar with various techniques available to perform the opera-
tion. An obvious example is the resection of large tumors of the right lobe in these 
cases and it is desirable, but impossible, to maintain the conventional mode of 
hepatic resection with mobilization of the wolf right prior to transection. Another 
example is the ability to promptly apply occlusion of vascular influx, or even total 
vascular exclusion, in case of bleeding during hepatectomy. 

The surgical risks associated with hepatic resection are now smaller, especially in 
specialized centers and high volume liver operations. 
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Chapter 6 

Liver Transplantation in China 
Yingzi Ming, Quan Zhuang, Baoren Tu, Gangcheng Kong, 
Hao Li, Ying Niu, Bo Peng, Junhui Li, Meng Yu and Min Yang 

Abstract 

Liver transplantation has been developed in Mainland China for about 40 years, 
from clinical trials to maturity. Its number has become the second in the world, 
its quality is also in line with the international level, and the source of donors has 
gradually transitioned to donation after citizen’s death (DCD). This chapter is 
aimed to elaborate the liver transplant work in China from the history and current 
status of liver transplantation, the main operating methods, major indications, 
donor maintenance and donor quality assessment, postoperative major complica-
tions, and application of immunosuppressive agents to the postoperative follow-up. 
Liver transplantation is a meaningful and challenging work currently in China; all 
the Chinese transplant surgeons and scholars are devoting themselves to this work 
in order to give more effective help to the patients. 

Keywords: liver transplantation, Mainland China, DCD, piggyback liver 
transplantation, donor quality assessment, liver transplant indications, HBV, liver 
transplant complications, immunosuppressant, follow-up 

1. The developing history and current status of liver transplantation 
in China 

Since the first clinical trial of liver transplantation in Mainland China in 1977, it has 
been more than 40 years. During this period, China’s liver transplantation has expe-
rienced ups and downs and finally developed from immature to mature. Liver trans-
plantation has been recognized as the only effective treatment for various end-stage 
liver diseases. The number of liver transplant cases in China ranks second in the world, 
ranking behind the United States. Its rapid development has attracted the attention of 
the world, and it has also exposed many problems that need to be solved [1]. 

The development of liver transplantation in China has gone through the follow-
ing stages: 

(1) The initial trial stage (1977–1983). In 1977, Shanghai Ruijin Hospital and Wuhan 
Tongji Hospital started the clinical liver transplantation in China. From 1977 to 
1983, 57 liver transplants were carried out nationwide, but because the liver trans-
plantation indications at that time were mainly advanced primary liver cancer, 
the curative effect was poor, and most patients died 3 months after surgery. Ten 
years later (1983–1993), China’s liver transplantation was basically at a standstill. 

(2) Re-development stage (1993–1997). With the continuous entry of new 
immunosuppressants into China, the continuous improvement of surgical 
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techniques and perioperative management, and the continuous strengthen-
ing of international exchanges and cooperation, China’s liver transplantation 
finally re-emerged in the 1990s. 

(3) Rapid development stage (1997–2005). This is the main stage of liver trans-
plantation development in China, and the main performance is as follows: 
(1) the number of liver transplants in mainland China has increased year by 
year. From 16 cases in 1997 to 100 cases in 1999, there were 200 cases of liver 
transplantation in 2000. By 2005, 3300 cases of liver transplantation were 
implemented. (2) The units and regions for liver transplantation have also 
increased year by year. More than 300 hospitals across the country have carried 
out liver transplantation. (3) Liver transplantation is diversified, from tradi-
tional classic liver transplantation to piggyback liver transplantation, ectopic 
liver transplantation, partial liver transplantation, split liver transplantation, 
and living donor liver transplantation. (4) The postoperative management 
level is continuously improved, the application of immunosuppressive agents 
is more individualized and diverse, and the survival rate of recipients is 
significantly improved. The 1-year survival rate after liver transplantation was 
80.5%, and the 5-year survival rate was 65.9%. Liver transplantation technol-
ogy and clinical efficacy are close to international standards [2]. In 2006, the 
Ministry of Health conducted an access work for organ transplant medical 
institutions, and China’s liver transplantation entered the stage of clinical 
normative development. Liver transplantation is gradually incorporated into 
the legal management. The medical institutions that are admitted are mainly 
strong medical institutions that have mature liver transplantation technology 
and talented echelons. Taking the service area and scope into account, the 
admitted liver transplant medical institutions are mainly concentrated in the 
affiliated hospitals of the provincial capital universities in the big cities, which 
further guarantee the quality, safety, and management of transplants [3]. In 
2007, China’s first “Human Organ Transplantation Regulations” was officially 
implemented, and the Ministry of Health also issued relevant supporting 
regulations, marking a crucial step in the legalization and standardization 
of China’s organ transplantation [4]. In February 2005, the China Liver 
Transplant Registration Network was established. The system was supported 
by the University of Hong Kong with the support of the Ministry of Health. 
In May 2008, the China Liver Transplant Registration Network was officially 
authorized by the Ministry of Health to further cover the 80 admitted liver 
transplantation centers [5]. China Liver Transplant Registration Network has 
been upgraded from scientific voluntary registration to administrative manda-
tory registration, becoming the standardized management system for liver 
transplantation in China. China Liver Transplant Network has collected more 
than 12,000 cases of domestic liver transplant patients. By the end of 2008, 
China had implemented 14,600 liver transplants. By August 10, 2009, China 
had implemented 16,158 liver transplants until July 22, 2010. The Chinese 
transplant network registered 18,180 liver transplants [6]. 

(4) DCD (organ donation after citizen’s death) Liver transplantation stage (2010– 
present) in 2010. China gradually began trial of DCD for liver transplantation, 
with 11 provinces including Zhejiang, Yunnan, Hubei, and Hunan as the first 
batch of pilots. The DCD was vigorously promoted and achieved good results. 
Summary after the completion of the pilot work: as of July 1, 2013, a total of 
906 DCD donors donated nationwide, and 2469 organs were donated, includ-
ing 746 livers. The above data show that although the Chinese DCD work 
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started late, in the future it is the most potential source of organs [7]. Under 
the vigorous promotion of the Ministry of Health and the Red Cross Society, 
DCD work began to be promoted nationwide in 2012, and the construction 
of relevant laws and regulations also steadily advanced. In October 2012, in 
order to better implement the “Human Organ Transplant Regulations” and 
actively promote the Chinese organ donation work, the Ministry of Health 
formulated the “Management Methods for the Acquisition and Distribution 
of Human Organs in China” and established the “China Organ transplant 
response system” (OTRS). Through the application of this system, we wish to 
improve the matching degree of organs, reduce or prevent waste of resources, 
strive to achieve the traceability of each distributed organ, and eliminate the 
interference of human and subjective factors to ensure the principle of “fair-
ness, openness, and justice” [8]. In 2010, DCD liver transplantation accounted 
for only 1.38% of the total, and in 2013, it has increased significantly to 26.02% 
[9], and by 2015, it has exceeded 80% [10]. China has completely banned the 
use of organs in the judicial channel since 2015. DCD donor China has become 
the main source of donors for organ transplantation in China. In 2017, 4732 
cases of liver transplantation were performed in China, including 4138 cases of 
DCD liver transplantation, which was 26.43% higher than that of 2016 (3273 
cases). The data show that the survival rates of liver transplantation in China at 
1, 3, and 5 years are 84, 75, and 71%, respectively. The Chinese organ trans-
plantation has entered the DCD era [11]. 

Although China’s organ transplants have developed rapidly, they have also 
achieved many achievements and showed the characteristics of China, but they also 
exposed some problems. 

(1) Problems faced by liver transplantation for liver cancer. 

China is a big country with hepatitis B. The HBV carrying rate is about 10% 
in the national population. As the terminal end of the development chain of 
hepatitis-cirrhosis-hepatocarcinoma, the high incidence of liver cancer in 
China is inevitable. China’s liver cancer patients account for more than half of 
the world’s liver cancer patients, and 318,000 new liver cancer patients occur 
in China each year. With the continuous improvement of the medical insur-
ance system, China has the world’s largest transplant recipient group, liver 
cancer liver transplantation once accounted for about 44% of China’s total 
liver transplant [5]. It is urgent to formulate the staging criteria and surgical 
adaptation of liver cancer liver transplantation in accordance with China’s 
national conditions as soon as possible. At the same time, how to combine 
immunosuppressive agents with antiliver disease and antihepatitis virus treat-
ment is the main problem faced by Chinese transplant experts [12]. 

(2) Problems faced by the DCD era. 

The development of DCD donors has effectively alleviated the problem of 
donor shortages in China, and has also led to the complete abolition of judicial 
source donors. However, the current organ donation rate in China is still very 
low. In 2010, it was only 0.03 cases/million population. In 2015, it was 2.03 
cases/million population, and in 2016, it was 2.98 cases/million population 
[13]. Although the growth is relatively fast, there is still a huge growth poten-
tial. This requires all levels of government in China to increase the propaganda 
of donations, and at the same time increase the staff of organ donation to find 
and report the information of potential donors in a timely manner. At the 
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same time, a complete organ donation process must be developed to ensure the 
smooth implementation of the donation. 

(3) Basic and clinical research related to transplantation needs to be strengthened. 

Organ transplantation is a multidisciplinary and interdisciplinary profession. 
Only by strengthening relevant basic and clinical research, can we better 
protect organ quality and provide better postoperative management and 
monitoring of patients [14]. 

(4) The relevant laws and regulations on transplantation have yet to be perfected. 

The current regulations on organ transplantation in China are mainly based 
on “the Interim Provisions on the Clinical Application Management of 
Human Organs Technology” issued in July 2006 and the “Human Organ 
Transplantation Regulations” promulgated by the State Council in March 
2017. However, with the development of transplantation and the advent of the 
DCD era, more completed legal and ethical systems and management norms 
are needed to provide legal protection and policy support for the healthy and 
orderly development of organ transplantation in China. 

China’s clinical liver transplantation has entered a critical period of simultaneous 
hopes and challenges, and Chinese liver transplant experts are constantly working 
hard to make liver transplantation a better way for patients with liver disease. 

2. Quality assessment of liver grafts 

In China, liver grafts used for transplantation are mainly from DCD (organ 
donation after citizen’s death), which includes DBD, DCD, DBCD, and living related 
donor. Here, we discuss the quality assessment of liver grafts from DCD. The qual-
ity of transplant liver is an important factor affecting the short-term and long-term 
effects of transplantation. Donated liver assessment mainly includes donor’s general 
information, medical history, general condition and intervention, laboratory results, 
etc. and specific items are listed in Table 1 [15]. Every case is evaluated dynamically, 
including at least one preliminary evaluation and final assessment prior to liver har-
vest. Donor age, hepatic steatosis, warm and cold ischemia time, the risk of infection 
and tumor, hypernatremia, etc. are risk factors affecting the quality of liver grafts. 

2.1 Donor age 

It is generally believed that elderly donors often have higher opportunity of 
getting arteriosclerosis, hepatic steatosis, and tumor, which are risk factors affect-
ing the quality of liver. Therefore, age is an important factor in the evaluation of 
liver grafts, and usually, donor age > 50 years is considered a contraindication to the 
use for transplantation. However, as the progression of liver transplantation and 
the relatively expanded need for liver grafts, liver grafts from these elderly donors 
can also be used with rigorous assessment, especially in the case of ensuring a short 
warm and cold ischemia time [16–18]. 

2.2 Hepatic steatosis 

Hepatic steatosis is an important factor affecting liver function after transplanta-
tion; hence, the classification and the grading of hepatic steatosis are extremely 
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Category Item Category Item 

General information of Gender Laboratory tests Blood routine 
donor 

Age Urine routine 

Blood type Fecal routine 

Height Liver function 

BMI Blood lipids 

Medical history Primary disease (cause of Blood sugar 
death) 

ICU stay days Blood electrolytes 

Past history Coagulation function 

Family history HIV 

General condition and 
intervention 

Vital signs 

Urine volume 

Hepatitis virus 

Syphilis tests 

Mechanical ventilation Tumor markers 

Vasoactive drugs and other 
related drugs 

Infection-related 
indicators 

Other Judgment during 
harvesting operation 

Warm and cold ischemia 
time 

Pretransplant biopsies of 　 　 
livers 

Table 1. 
Assessment content of liver grafts. 

pivotal. According to the histology classification, hepatic steatosis is mainly divided 
into macrovesicular steatosis, which is considered to be a more dangerous one, 
and microvesicular steatosis, which is generally regarded as being reversible. For 
microvesicular steatosis liver grafts, even though the lesion is severe, they can still 
be used. For macrovesicular steatosis liver grafts, if the lesion is more than 50%, 
it is considered to be a taboo for transplantation [19, 20]. At present, the methods 
for evaluating fatty liver graft mainly relies on the judgment of organ harvesting 
surgeon, and rapid frozen biopsy of liver grafts [21, 22]. The research toward the use 
of imaging methods such as ultrasound, CT, MRI, and metabonomics in the assess-
ment of liver steatosis is launched and their efficiency still need to be verified [23]. 

2.3 Warm and cold ischemia injury 

Warm ischemic injury caused by hypotensive and hypoxic perfusion process 
is one of the most important features of liver grafts. Long-term ischemia can 
increase the risk of primary nonfunction and biliary complications; thus, the 
time of warm ischemia is an important factor in evaluating the quality of liver. 
In addition, cold ischemia time > 8 hours is also a risk factor of liver trans-
plantation. It has been reported that the incidence of liver failure after trans-
plantation increases by 8% for every 1 hour after cold ischemia time > 6 hours. 
Therefore, during the process of liver acquisition, in order to improve the 
quality of grafts, the operation and transportation time should be shortened as 
much as possible [18]. 
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2.4 Hepatitis virus infection 

It is mainly hepatitis B virus prevailing in China. The main route of HBV infec-
tion in liver transplant recipients is through liver grafts. Liver graft from the donor 
who is in active period of hepatitis virus infection or has developed hepatitis virus-
related liver fibrosis should not be used. For HBV-positive grafts, they can still be 
used to recipients who are selected rationally, get prophylactic antiviral therapy and 
the treatment of HBV immunoglobulin [18, 19]. HCV infection is not common in 
China. HCV-positive liver grafts can be used to recipients who need transplantation 
urgently, and they need anti-HCV therapy after surgery. 

2.5 Tumor 

For donors who have malignant tumors or tumor history, whether the liver can 
be used for transplantation remains controversial, and the transfer risk of tumor 
cannot be properly assessed. It is generally believed that the incidence of donor-
related tumor and the resulting mortality are very low. However, the current view 
is that the liver from donors who have malignant tumor history should be selected 
carefully because some malignant tumors have unpredictable possibilities of recur-
rence and metastasis [19]. 

2.6 Hypernatremia 

Hypernatremia (serum sodium >155 mmol/L) in donors is an important factor 
affecting the prognosis of liver transplantation. Studies have shown that hyper-
natremia affects the function of transplant organs and increases the risk of liver 
failure after transplantation, whose mechanism may be related to cell swelling, 
increased osmotic pressure, and reperfusion injury caused by hypernatremia. This 
adverse effect can be reduced by effectively correcting the blood sodium concentra-
tion [18]. 

2.7 Liver preservation 

The effect of liver preservation affects the quality of grafts. At present, there are 
two methods of liver storage, which are static cold storage (SCS) and mechanical 
perfusion (MP). SCS is the most widely used method, and UW liquid, HTK liquid 
and Celsior liquid are the most popular preservation liquids. The ideal time for cold 
storage is less than 8 hours, and in clinical practice, the preservation time gener-
ally does not exceed 12–15 hours. MP can continuously infuse the organ’s intrinsic 
vascular system to deliver nutrient, achieve organ preservation, and repair simulta-
neously, having great value in prolonging the time of liver preservation and improv-
ing organ quality. Besides, MP can monitor liver function, bile secretion and other 
indicators dynamically during storage and transportation, and evaluate the quality 
of donated liver, showing important clinical application prospects [24, 25]. 

3. Donor liver procurement and benchwork surgery 

3.1 Donor liver procurement 

Since there is still no law about brain death, at the present stage in China, the 
sources of liver are DCD and living-related donation. Here, we only talk about the 
DCD donor liver procurement. 

64 



  
 

 
  

 
 

 

  

 

 

 
 

  
 

 
 

 
 

        
 

 
 

Liver Transplantation in China 
DOI: http://dx.doi.org/10.5772/intechopen.81230 

It is recommended in most centers the “rapid cold perfusion and en-bloc 
liver-kidney procurement” technique [26]. Core temperature of the liver can be 
decreased rapidly to 0–4°C by double perfusion from the hepatic artery (aortic 
cannulation) and the portal vein (superior mesenteric vein cannulation). This 
technique also prevents accidental injuries to the hepatic hilar structures. 

Following administration of 30,000 IU or 300 IU/Kg of heparin, expeditious 
access to the abdominal cavity is obtained through a midline incision from the 
xiphoid to the pubic symphysis. The abdominal aorta and inferior vena cava (IVC) 
are dissected and cannulated, and the cold flush (0–4°C normal saline) is initiated 
immediately. Superior mesenteric vein is isolated and cannulated at the root of 
small bowel mesentery followed with perfusion. Ice and slush are packed around 
the liver and kidneys, and subsequent dissection is carried out after completion of 
cold perfusion (Figure 1). 

The liver is mobilized by dividing the round ligament, falciform, left triangular, 
and gastrohepatic ligaments. The hepatoduodenal ligament, posterior perito-
neum nearby and the adhesions between the head of pancreas and duodenum 
are dissected with modified Kocher maneuver; the common bile duct is exposed 
and transected at the inferior margin of pancreas. The whole colon, stomach, and 
duodenum are isolated successively; then the bilateral peritoneum are cut open and 
the peritoneal attachments in the retroperitoneal space are divided until the spine. 
The ureters are isolated and transected at the common iliac artery level. After the 
procedure, only the liver, spleen, kidneys, and most part of pancreas are still left 
in the abdominal cavity. The pericardium and diaphragm are incised bilaterally: on 
the left, extending to the esophagus, and on the right, extending posterior the right 
lobe of the liver, adrenal gland, and IVC. The thoracic aorta and IVC are transected 

Figure 1. 
The intubation perfusion of aorta and portal vein. 
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Figure 2. 
The trimmed and shaped donor liver. 

and the adhesions with the spine are divided until the common iliac artery level. 
The en-bloc liver-kidney-spleen organs cluster can be harvested with the aorta and 
IVC transection just below the cannulas. 

Once the multiple-organs cluster is taken out, it must be put into the sterile basin 
filled with 0–4°C organ preservation solution (usually UW solution) immediately. 
Additional perfusion usually is needed in order to eliminate the residual blood and 
sustain the low core temperature of the organs. The posterior wall of the aorta is lon-
gitudinal cut out, and the origins of celiac truck, superior mesenteric artery (SMA) 
and bilateral kidney arteries are exposed. The adhesions between the right kidney, 
adrenal gland, and the hepatic right lobe are divided until the inferior IVC exposed. 
IVC is transected just above the kidney veins level, and aorta is transected below the 
origin of SMA level; the liver and kidneys are separated and packaged respectively. 

3.2 Bench surgery 

The aim of bench surgery is to remove the unnecessary tissues attached to the 
liver and trim the main vessels and bile duct for a convenient anastomosis. The 
bench should be set up with a suitable sized bowl in which the graft is kept in sterile 
slush ice and UW at 4°C for the duration of the procedure to avoid rewarming. 

Firstly, the diaphragm and remaining cardiac muscle are removed from the bare 
area of the liver and the vena cava. Then, the supra- and intrahepatic vena cava are 
skeletonized and all small branches are ligated with silk. The adrenal vein and the 
phrenic veins are tied or over sewn to prevent bleeding upon recirculation. 

The skeletonization of the hepatic artery is the most critical step in the bench 
surgery procedure. The dissection starts from the aorta and ends until the gastro 
duodenal artery (GDA) in order not to injure the hepatic lobar vessels. Care is taken 
to identify any aberrant arterial anatomy, which can be present in up to 20% of the 
population [27]. So, every artery and its branches should be isolated until it is iden-
tified that not entering the liver. The most common two variants are a replaced right 
hepatic artery emanating from superior mesenteric artery or a replaced left hepatic 
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artery originating from the left gastric artery. Often the aberrant liver arteries need 
to be reconstructed for anastomosis. 

The portal vein is skeletonized up to 1–2 cm below the bifurcation point. 
Surrounding lymphatic tissue is removed, and care is taken not to injure the hepatic 
artery or bile duct. 

The pancreas tissues around the lower segment of the common bile duct are 
removed. Do not dissect excessively the tissues between the bile duct and the 
hepatic artery in order to preserve the blood supply of the bile duct. 

A perfusion-giving set with cold UW should be set up to perfuse the liver and 
also to check the integrity of the portal vein and arterial tree, once the graft has 
been prepared for implantation (Figure 2). 

4. Surgical methods of recipient liver transplantation 

Surgical methods of recipient liver transplantation include two main categories: 
orthotopic liver transplantation and ectopic liver transplantation [28]. At present, 
transplant centers in China basically use orthotopic liver transplantation. Orthotopic 
liver transplantation is divided into classic orthotopic liver transplantation, piggy-
back orthotopic liver transplantation, reduced-size liver transplantation, split liver 
transplantation, and auxiliary liver transplantation according to different surgical 
methods. The above procedures are applied in the Chinese transplant centers. 

4.1 Classical orthotopic liver transplantation 

4.1.1 Diseased liver resection 

A curved cut under the regular costal edge or “Mercedes-Benz” logo shape 
incision has been made firstly, then dissecting the first hepatic portal dissecting the 
hepatic artery, separating the common bile duct, and finally separating the portal 
vein [29]. The inferior vena cava is then exposed. The posterior inferior vena cava 
can be quickly and safely separated from the posterior peritoneum [30]. 

4.1.2 Extracorporeal portal 

The nonhepatic venous bypass technique can reduce the congestion of the portal 
system and can solve the problem of blood return in the intestine and inferior vena 
cava during the nonhepatic period [31, 32]. As the surgical techniques become more 
and more skilled, the anastomosis time is shortened. At present, most transplant cen-
ters in China have adopted nontransfer liver transplantation technology [33]. However, 
for patients with severe hepatorenal syndrome, gastrointestinal bleeding, and cardiac 
insufficiency before surgery, extracorporeal portal bypass technology will still benefit. 

4.1.3 Graft implantation 

The portal vein and two inferior vena cava were clamped in turn, to avoid 
vascular torsion, and the blood vessels were cut off near the liver to remove the 
diseased liver. The suprahepatic inferior vena cava the infrahepatic inferior vena 
cava and the portal vein were sequentially anastomosed with 3-0, 4-0, and 5-0 
Prolene sutures. The anastomosis was performed by two-point continuous valgus 
suture. Precautions of inferior vena cava anastomosis: A. The inferior vena cava 
of the recipient and the donor cannot be kept too long or too short; otherwise, 
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the inferior vena cava will be folded or stretched, and the inferior vena cava 
hypertension or bleeding will be caused. B. The recipient’s suprahepatic inferior 
vena cava cannot be reversed; otherwise, it will cause poor blood flow in the 
inferior vena cava. C. The suture cannot be pulled too tightly to avoid damage 
to the intima form artificial stenosis, and even lead to Budd-Chiari syndrome. 
Precautions of hepatic portal vein anastomosis: A. Donor and recipient’s portal 
vein should be kept proper. B. The difference between the size of the portal vein 
of the donor and the recipient should not be too large, otherwise. C. The tension 
of the anastomosis needs to be appropriate. When the suture is completed, the 
“widening factor” of the portal vein should also be retained. The transplanted 
liver blood flow is then opened. The hepatic artery was reconstructed with a 7-0 
Prolene suture, and the hepatic artery was opened. Successful hepatic artery 
reconstruction is critical to the function of the transplanted liver and the influ-
ence of bile duct. There is a variety of suturing methods: A. Separate the hepatic 
artery, the gastro duodenal artery and the common hepatic artery, and the 
three confluences were trimmed as a hornline, which was anastomosed with the 
donor’s common hepatic artery. B. When the gastroduodenal artery is relatively 
large, the donor’s celiac trunk artery can be anastomosed at the junction of the 
recipient’s gastroduodenal artery and the proper hepatic artery. C. If there is 
an anatomic abnormality in the hepatic artery of the donor, the hepatic artery 
should be trimmed, shaped, and then anastomosed with the recipient’s hepatic 
artery. D. When the recipient’s hepatic artery has an anatomic abnormality, the 
donor’s celiac trunk artery can be directly anastomosed to the abdominal aorta 
above the recipient’s celiac trunk artery. Finally, the bile duct was reconstructed 
with a 6-0 or 7-0 Prolene suture. T tube is drawn through the recipient’s common 
bile duct. If the recipient’s common bile duct is very small, it is recommended to 
perform bile duct jejunum Roux-en-Y anastomosis. The graft gallbladder was then 
removed [34–36] (Figure 3). 

Figure 3. 
The classical orthotopic liver transplantation. 
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4.2 Piggyback liver transplantation 

Piggyback liver transplantation, different from the classical liver transplanta-
tion, is that the infrahepatic inferior vena cava is not necessary to be anastomosed, 
which thereby is clamped, and the suprahepatic inferior vena cava of the donor liver 
is anastomosed directly to the recipient’s hepatic vein or laterally to the recipient’s 
inferior vena cava [37, 38]. This procedure simplifies the operation of donor liver 
implantation, and only partially blocks the inferior vena cava during operation. It 
has little effect on hemodynamics in patients in nonhepatic phase, does not require 
venous bypass, and has less renal damage. However, this traditional piggyback 
liver transplantation procedure has a problem that the graft liver would swing in 
the abdominal cavity and cause vascular torsion, and the circulation return will be 
affected. At present, the modified piggyback procedure used in most mature trans-
plant centers in China is below: inferior vena cava (VC) shaping: (1) recipient VC: 
according to the patient’s hepatic vein anatomy, the hepatic veins (left, middle and 
right) are split from the middle and trimmed into a continuous opening, and the 
front wall of inferior vena cava is also trimmed longitudinally, and all these together 
form an inverted triangular incision. (2) Donor VC: the posterior wall of the donor 
superior inferior vena cava was cut longitudinally with the two up angers of hepatic 
superior VC, also trimmed into an inverted triangular incision. Finally, these two 
inverted triangular incisions are anastomosed (Figure 4). The main purpose of this 
piggyback procedure is to enlarge the anastomosis of the outflow tract, avoid the 
anastomotic torsion, and reduce the incidence of postoperative outflow obstruction 
[39, 40]. 

4.3 Reduced-size liver transplantation and split liver transplantation 

In our clinical work, the whole liver transplantation cannot meet the needs 
of liver transplantation in children and some small-weight adults, because these 
patients cannot accommodate the large-size liver in the abdominal cavity, which is 
why the reduced-size liver transplantation came into being [41]. Reduced-size liver 
transplantation actually includes reduced-size cadaveric liver transplantation, split 
liver transplantation, and partial living liver transplantation. By 2010, 86 trans-
plant centers in 30 provinces of Mainland China had undergone reduced-size liver 
transplantation. The donor liver for children with reduced-size liver transplantation 

Figure 4. 
The two “inverted triangular” incisions of donor and recipient’s inferior CV. 
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is mainly the left liver. Split liver transplantation refers to the separation of an adult 
cadaveric donor liver into two transplanted livers with independent structures and 
functions by two-way technique, which is transplanted to two recipients. The con-
ventional method is to detach the liver along the Cantlie line and obtain the intact 
right and left hepatic livers, respectively [42, 43]. 

4.4 Auxiliary liver transplantation 

Auxiliary liver transplantation refers to retaining the recipient’s liver or part of 
the liver, implanting the donor’s whole liver or part of the liver into the recipient, 
so that patients with liver failure can receive life support or compensate for the 
metabolism, detoxification, and other functions of the original liver deficiency [44]. 
It is divided into auxiliary ectopic liver transplantation and auxiliary orthotopic liver 
transplantation. The auxiliary liver transplantation has the following advantages: (1) 
patients with acute liver failure can pass the dangerous period, and (2) for congenital 
metabolic liver disease, implantation of a small amount of liver can meet the patient’s 
metabolic needs, (3) under surgical trauma, the recipient has no nonhepatic period, 
(4) the required liver volume is small, increase the donor liver source, and (5) for 
some patients within inability to tolerate the orthotopic whole liver transplantation, 
auxiliary liver transplantation should be performed first, and then the orthotopic 
liver transplantation should be considered after the recovery of the body function. 

4.5 Living donor liver transplantation 

Living donor liver transplantation has developed rapidly due to the severe lack 
of cadaver donor livers. In early years, the left half liver was used as the donor liver 
for living donor liver transplantation between adults, but for large-size recipients, 
the left half liver could not meet the demand of the recipient, so the right half liver 
was gradually used as the donor liver. The procedure of living donor liver transplan-
tation is basically the same as that of orthotopic liver transplantation, but there are 
many differences in the reconstruction of hepatic vein, portal vein, hepatic artery, 
and bile duct. 

4.5.1 Hepatic vein reconstruction 

In living donor liver transplantation, the right half liver as donor liver is divided 
into two types, including the hepatic middle vein and not including the hepatic 
middle vein. Whether the branches of the hepatic middle vein in hepatic segment V 
and VIII should be reconstructed in living donor liver transplantation of right half 
liver is controversial. Different liver transplantation centers have proposed different 
reconstruction criteria. 

In the literature, B ultrasonography was used to assess congestion in the right 
half liver donation after temporary occlusion of the hepatic artery and the hepatic 
middle vein. Criteria for reconstruction of hepatic middle vein include: (1) after 
removing the area of the congestion, the remaining transplanted liver volume was 
less than 40% of recipient’s standard liver volume. (2) When hepatic artery and 
hepatic middle vein branches are blocked, the area of the donor liver congestion is 
more than half of the area of the right anterior lobe. (3) Noncongestive graft-to-
recipient weight ratio (ncGRWR) < 0.65%. 

The diameter of the branches of the hepatic middle vein is also one of the criteria 
for reconstruction. The diameter of the branch of the hepatic middle vein in hepatic 
segments V and VIII was more than 7 mm, which was considered as the boundary of 
whether to reconstruct the branch of the hepatic middle vein. Kim et al. suggested 
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that when the hepatic middle vein branches of segments V and VIII were larger than 
5 mm in diameter, the hepatic middle vein branches needed to be reconstructed, and 
they tried to make the area of congestion less than 10% of the total graft volume [45]. 

In living liver transplantation without hepatic middle vein, the grafts used for 
reconstruction of hepatic middle vein include the recipient’s own great saphenous 
vein, superficial femoral vein, umbilical vein, portal vein, artificial blood vessel, 
iliac vein or iliac artery cryopreserved from allogeneic tissue, and also venous patch 
to reconstruct the branch of hepatic umbilical vein. Liver transplantation center 
of the first Hospital of Zhejiang University carried out a preliminary study on 131 
cases of living right donor liver transplantation without hepatic middle vein. The 
graft vessels were reconstructed by autologous portal vein, hepatic vein, great 
saphenous vein, or cryopreserved iliac artery to reconstruct the right hepatic vein 
branches V and VIII without hepatic middle vein [5]. 

4.5.2 Portal vein construction 

After the portal veins of donor liver and recipient were in line with their caliber 
and length, they were performed with an end-to-end anastomosis. When the 
recipient of living donor liver transplantation has portal vein sclerosis or narrow 
problems, we anastomose the donor portal vein directly to the confluence of the 
recipient’s splenic vein and superior mesenteric vein. If the donor portal vein does 
not have enough length, portal vein transplantation can be performed. 

4.5.3 Hepatic artery reconstruction 

The reconstruction of hepatic artery in living donor liver transplantation 
is directly related to the success or failure of transplantation. The diameter of 
donor hepatic artery is only 2–3 mm. Arterial anastomosis under direct vision 
has been a difficult problem for many surgeons. Until the application of micro-
surgical vascular anastomosis under microscope, the incidence of hepatic artery 
thrombosis decreased from 25 to 0–3.8%. However, this technique is difficult to 
master and is influenced by arterial variations, donor-recipient caliber match-
ing, and recipient hemodynamics. Therefore, it is important to establish a stable 
microsurgical team and mature arterial anastomosis methods in various trans-
plantation centers. 

4.5.4 Bile duct reconstruction 

(1) Bile duct shaping: within 3 mm, the combination of adjacent hepatic duct 
opening can be considered. 

(2) The principle of one-time suture insertion: in the so-called one-time suture 
process, the noninvasive suture needle from the recipient of the bile duct to the 
donor of the hepatic duct needle, must be completed at one time 

(3) The basic bile duct end to end anastomosis technique: the posterior wall is 
continuously sutured, and the anterior wall is discontinuously sutured. 

With the improvement of liver transplantation anesthesia, surgical techniques 
and perioperative management, the efficacy and survival rate of liver transplant 
patients have been significantly improved. With the accumulation of surgical 
experience, we need promotion of our surgical techniques. However, in view of 
the current situation of organ shortage in China, how to choose the most suitable 

71 

http://dx.doi.org/10.5772/intechopen.81230


 

 
 

 

 
   

 

 

    

 
  

 
 

 

 

 
 
 

  
 

 
 

  
 

Surgical Challenges in the Management of Liver Disease 

liver transplantation for different indications, preoperative status, and physiolog-
ical and anatomical features still needs to continuously explore and summarize 
the experience. 

5. Complications after liver transplantation 

5.1 Early complications after liver transplantation 

5.1.1 Postliver transplant hemorrhage 

Intraabdominal hemorrhage postliver transplantation is an early serious compli-
cation, and continues to be a prognostic factor for transplant success. Statistically, 
intraabdominal hemorrhage postliver transplantation occurs in 5–21% of recipients 
[46], while incidence rate of this complication in China is 5–15.3% [47, 48]. Reasons 
for intraabdominal bleeding after liver transplantation include coagulopathy, portal 
hypertension, massive transfusion of stored blood, primary graft non-function/ 
poor graft function, anastomotic leakage, as well as blood vessel damage by abdom-
inal infection. Coagulopathy is one of the most important risk factors for post-
operative early hemorrhage. Diffuse hemorrhage postreperfusion often occurs in 
recipients with coagulopathy, especially in those with poor liver function or lack of 
clotting factors. In addition, massive transfusion of stored blood leads to circulatory 
overload, abnormal coagulation and acid-base imbalance, resulted with aggravated 
hemorrhage symptoms. Surgical bleeding is related with operation of liver resec-
tion or graft harvesting. Furthermore, early hemorrhage may also occur as a result 
of blood vessel damage caused by anastomotic leakage or abdominal infection. 
Therefore, keeping normal coagulation function perioperatively, reducing bleeding 
and achieving effective hemostasis during operation, accurate anastomosis of blood 
vessels with vascular patency, as well as preventing and controlling infection, can 
contribute to prevention of this complication. 

Therapeutically, correcting the clotting problem via giving blood products and 
coagulants is usually effective. However, patients with persistent hemodynamic 
instability, which indicates active hemorrhage, usually require emergency explor-
atory laparotomy for hemostasis. 

5.1.2 Vascular complications 

Vascular complications represent one of the most critical complications, and 
contribute to a major source of morbidity and mortality after liver transplanta-
tion. Vascular complications, including hepatic arterial complications, portal vein 
complications and vena cava complications, threaten outcomes for liver transplant 
recipients and graft survival. Among the vascular complications, hepatic arterial 
complications following liver transplantation are the most threatening conditions, 
including hepatic arterial thrombosis (HAT), hepatic artery stenosis, hepatic artery 
aneurysm, and hepatic artery rupture. 

HAT is a life-threatening complication, as it interrupts blood supply of the 
allograft and induces early graft loss, long-term graft dysfunction, or recipient 
death. As the most common hepatic arterial complication, HAT occurs in 2–9% 
of adult transplants with a higher incidence in pediatric recipients [49, 50]. Risk 
factors for the development of HAT include technical imperfection with the anas-
tomosis, dissection of the hepatic arterial wall, celiac stenosis or compression by 
median arcuate ligament, aberrant arterial anatomy, complex back-table arterial 
reconstruction of the allograft, as well as high-resistance microvascular arterial 
outflow mediated by rejection or severe ischemic-reperfusion injury. According 
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to the time of onset, HAT is divided into early HAT and late HAT. Early HAT, 
diagnosed less than 4 weeks after liver transplantation, shows various clinical 
manifestations, ranging from fulminant hepatic failure, recurrent biliary sepsis, 
or delayed biliary leaks to an asymptomatic presentation with abnormal liver 
function. Compared with early HAT, clinical presentation of late HAT is relatively 
reduced, varied from increased serum transaminase level with or without cho-
lestasis to liver abscess and biliary complications such as ischemic biliary lesions, 
cholangitis, bile duct stenosis, or necrosis. Early diagnosis with emergent surgical 
intervention is lifesaving and contributes to graft survival. Diagnosis of HAT 
depends on imaging examinations, while surgical exploration can confirm diagno-
sis. In clinical setting, arteriography is recognized as gold standard for diagnosis 
of HAT following liver transplantation. Patients with early HAT and fulminant 
hepatic failure require resuscitation, broad-spectrum antibiotics, artificial liver, 
and expeditious retransplantation. 

Hepatic artery stenosis is one of the most common complications postliver 
transplantation, with incidence rate ranging from 4 to 11% [51, 52]. This stenosis 
most commonly occurs in anastomosis site or the kinking of reconstructed artery. 
Factors associated with hepatic artery stenosis include surgical injury, vasospasm, 
anastomotic stenosis, high-resistance hepatic artery blood flow mediated by rejec-
tion, and cold preservation injury. Clinical presentation varies from abnormal liver 
function to severe biliary complications. If unrecognized and managed appropri-
ately, hepatic artery stenosis will lead to complete occlusion of hepatic artery or 
thrombosis, resulting in ischemic infarction and graft failure. Angiography is the 
gold standard for diagnosis of hepatic artery stenosis. Therapeutically, interven-
tional vascular procedures are current major treatment. 

Hepatic artery aneurysm and hepatic artery rapture are rare complications after 
liver transplantation, with an incidence of 0.3–1% [53, 54]. However, these compli-
cations can also threaten patients and grafts. 

5.1.3 Biliary complications 

The incidence of biliary complications has decreased dramatically because of 
advances in liver transplantation; however, biliary complication remains the most 
frequent complications postliver transplantation, with an incidence of 26.92–53.8% 
[55, 56]. Biliary complication is no longer a major cause of mortality in experienced 
liver transplantation center, as these complications can be recognized early and 
revive timely effective management. But biliary complication exhibits impact on 
patients’ life quality, and sometimes it enables development of graft dysfunction. 
Therefore, biliary complication remains a challenging complication. 

Biliary complications include bile leakage, anastomosis stenosis, bile duct isch-
emic injury, gall-stone formation, and sphincter dysfunction. Bile leakage, either 
anastomosis leakage or bile leakage after removal of T-tubes, usually occurs early 
postliver transplantation. Anastomosis stenosis is frequent. Endoscopic therapy 
and interventional radiology treatment are proven to be effective in treatment of 
anastomosis stenosis. Bile duct ischemic injury is a major cause of bile leakage, bile 
duct stenosis, or dilatation, followed by biliary sludge and cholelithiasis. Gall-
stone formation is mainly found in donor liver bile duct, but can also be observed 
in recipient’s bile duct. Sphincter dysfunction is a complication hard to diagnose. 
Among the biliary complications after liver transplantation, bile duct ischemic 
injury is the most dangerous disease with high mortality. Patients with serious bile 
duct ischemic injury finally will need retransplantation. Surgical imperfection and 
bile duct ischemia are the major causes of biliary complication. Accurate bile duct 
anastomosis without distortion of the bile duct, proper use of T-tube, avoiding 
excessive trimming of vessels, and protecting blood supply of bile duct will promote 
73 

http://dx.doi.org/10.5772/intechopen.81230
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reconstruction of bile duct and reduce bile duct complications after liver transplan-
tation. Immunosuppressants can also contribute to this complication, such as CsA 
promotes cholestasis and gall-stone formation. 

Clinical presentation of biliary complication varies. Patients with bile leakage 
usually have mild or moderate abdominal pain, with bile drained out from drain-
age tube or biliary spillage from umbilical incision. Symptoms of serious bile duct 
stenosis include jaundice in a short time. Early symptoms of patients with bile duct 
ischemic injury are atypical, sometimes similar to bile leakage, but late symptoms of 
bile duct ischemic injury like bile duct stenosis. Gallstones may occur secondary to 
bile duct stenosis, and patients with serious bile duct obstruction usually will have 
abdominal pain and jaundice. 

With advances in imaging and endoscopic therapy, biliary complications can 
be diagnosed early and interventional treatment has become the first choice for 
patients with biliary complications after liver transplantation. 

5.2 Late complications 

With advances in transplant technique, liver transplant recipients achieve a 
longer life longevity and prolonged graft survival. Meanwhile, late complications 
postliver transplantation gradually become critical factors of their life quality and 
graft long-term survival. 

5.2.1 Metabolic complications 

5.2.1.1 De novo diabetes 

De novo diabetes after liver transplantation is critical for outcomes of patients, 
correlated with a higher incidence of infection or cardiovascular diseases postliver 
transplantation. And it contributes to graft dysfunction and lower recipients’ survival. 
According to definition of diabetes mellitus from WHO and ADA, de novo diabetes 
occurs in 9–63.3% patients with liver transplantation [57, 58]. Immunosuppressants, 
such as corticosteroid use and calcineurin inhibition, are risk factors for de novo 
diabetes. Appropriate use of immunosuppressant, including dose and duration, is of 
significance for preventing de novo diabetes postliver transplantation. 

5.2.1.2 Hyperlipidemia 

Hyperlipidemia is a common complication is solid organ transplantation, which 
can significantly promote incidence of chronic cardiac diseases in organ recipients. 
The incidence rate of hyperlipidemia in liver recipients is 45–66% [48, 58, 59]. 
Elevations of serum cholesterol and triglyceride are common consequences of use 
of immunosuppressants. Particularly, steroids and cyclosporine are closely associ-
ated with higher levels of cholesterols and triglyceride, while sirolimus exerts a 
stronger impact on triglyceride levels. Life style modifications with diet, exercise, 
and weight loss are preferred treatments. Besides, HMG-CoA reductase inhibition 
requires caution, as it may cause hepatotoxicity. 

5.2.1.3 Hyperuricemia 

Hyperuricemia is common in patients with liver transplantation, which usually 
occurs in 17–60 months postliver transplantation. The incidence rate of hyperuri-
cemia in patients received liver transplantation is 14–47% [60, 61]. Mechanically, 
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long-term use of calcineurin inhibitors leads to kidney injury and impairs the 
capability to clear uric acid, resulted with elevated uric acid levels or gout. 

5.2.2 Biliary complications 

Although huge advances have been made in liver transplantation, including 
biliary reconstruction, organ preservation and perioperative management, the inci-
dence of biliary complications after liver transplantation remains high, up to 53.8% 
[56]. Biliary complications include biliary stenosis, bile leakage, ampulla dysfunc-
tion, biliary silt, and gallstone formation. However, biliary stenosis and gallstone 
formation are major late complications. As biliary reconstruction is recognized as 
Achilles’ heel of liver transplantation, biliary reconstruction technique is strongly 
correlated with biliary complications. Besides, poor blood supply of hepatic 
artery and injury caused by donor liver harvest, cold preservation, or reperfusion. 
Furthermore, infection is also an important cause of biliary complication. 

5.2.3 Recurrent disease 

Recurrent liver diseases after liver transplantation is a common late complica-
tion, including hepatitis B, nonalcoholic fatty liver disease, autoimmune hepatitis, 
primary biliary cirrhosis as well as primary sclerosing cholangitis; however, the 
risk and timing of recurrent liver diseases are variable. Of note, recurrent hepatitis 
B virus (HBV) infection can be prevented in compliant patients with hepatitis B 
immunoglobulin and anti-HBV drugs. However, poor therapy compliance with 
irregular immunosuppressants application allows recurrence of HBV infection. In 
addition, recurrent autoimmune hepatitis or primary biliary cirrhosis rarely cause 
graft dysfunction or require retransplantation, though there are no proven effective 
therapies for the treatment of these late complications. 

6. Indications for liver transplantation 

Liver transplantation is an important option to treat the end-stage liver 
diseases and aims to prolong the life survival and to improve the quality of life 
for the patients. In principle, any acute or chronic liver disease, which has no 
other effective treatment or would cause the death of the patient in a short time, 
should be the indication to liver transplantation. With the increasing advance 
of liver transplantation, it can also be performed to improve the quality of life, 
although the primary liver disease might not be cured. The detail indications 
include the following: 

(a) Acute liver failure: infections, drug- or toxin-induced liver injury, circulatory 
disturbance, etc. 

(b) Liver cirrhosis: hepatitis cirrhosis, alcoholic cirrhosis, cholestatic cirrhosis, etc. 

(c) Liver neoplasms: hepatocellular carcinoma, cholangiocarcinoma, etc. 

(d) Metabolic disorders: Wilson disease, alpha-1 antitrypsin deficiency, hereditary 
tyrosinemia, glycogen storage disease, etc. 

(e) Others: autoimmune hepatitis, polycystic liver, trauma, etc. 
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The contraindications, although decreasing with the development of liver 
transplantation, generally include the following: 

(a) Malignancy outside of the liver and cannot be radical cured 

(b) Uncontrolled sepsis 

(c) Excessive drinking or drug abuse 

(d) Severe cardiopulmonary, encephalic or renal complications 

(e) Acquired immunodeficiency syndrome (AIDS) 

(f) Persistent nonadherence with medical care 

(g) Uncontrolled psychological or mental diseases 

According to the China Liver Transplant Registry (CLTR), the most common 
disease leading to liver transplantation from DCD was liver neoplasms (42.98%), 
following by liver cirrhosis (41.05%) and acute liver failure (9.07%) from 2010 to 
2017. The model for end-stage liver disease (MELD) or MELDNa score is applied to 
evaluate the status of the patients and to determine the priority of recipients and 
the allocation of organs by the CLTR. 

6.1 Liver transplantation for hepatocellular carcinoma 

It was estimated that more than 300,000 patients died of hepatocellular car-
cinoma (HCC) in China, which accounted for half of the total deaths all over the 
world [62]. The main reason was the high rate of hepatitis B virus (HBV) infection. 
In recent years, liver transplantation has become an effective treatment to HCC, 
in which the en bloc resection of the tumor can be achieved and the cirrhotic liver 
can be replaced. According to the CLTR, HCC was one of the most common causes 
leading to liver transplantation from DCD in China, with the 1- and 5-year survival 
rate of 82.77 and 59.18%, respectively (CLTR, 2010–2017). With the large number of 
practices, the Chinese experience was summarized. 

6.1.1 Indications 

The Milan criteria (a single lesion ≤5 cm, or up to three lesions, all ≤5 cm; no 
macrovascular invasion; no regional nodal or extrahepatic distant metastases) are 
the benchmark for selection of appropriate candidates for liver transplantation due 
to HCC. However, few patients in clinical practice could fully meet these strict crite-
ria so that they might lose the opportunity of transplantation. Even expanded to the 
University of California at San Francisco (UCSF) criteria or Pittsburgh criteria, the 
number of candidates meeting the criteria is still limited in China. During the past 
decades, many Chinese scholars tried to expand the boundary of the indication, and 
concluded the criteria suitable for the Chinese situation. 

(1) Hangzhou Criteria. 

The Hangzhou Criteria were proposed by Prof. Shu-Sen Zheng, etc. in 2008 [63]. 
The criteria contained one of the two following items: (a) total tumor diam-
eter ≤8 cm; (b) total tumor diameter > 8 cm, with histopathologic grade I or II 
and preoperative alpha fetoprotein (AFP) level ≤ 400 ng/mL, simultaneously. 
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Obviously, Hangzhou Criteria significantly expanded the candidate pool, and 
the reported 5-year survival rate was comparable to that of patients fulfilling 
Milan criteria (72.3 versus 78.3%, P > 0.05). More importantly, these criteria not 
only considered the tumor size, but also included the histopathologic grading 
and serum AFP level, which better reflected the biological characteristics of the 
tumor and predicted the prognosis. In Chinese guidelines of liver transplanta-
tion to HCC 2014, Hangzhou criteria were recommended [62]. 

(2) Shanghai Fudan Criteria. 

Compared to Milan criteria, Shanghai Fudan Criteria expanded the indica-
tions on the tumor size: single lesion ≤9 cm in diameter, or no more than three 
lesions, the largest ≤5 cm, with a total tumor diameter ≤ 9 cm. There was no 
significant difference in 1, 2, 3-year survival rates and recurrence-free survival 
rates between Milan criteria and Shanghai Fudan Criteria [64]. 

6.1.2 Downgrade treatment of HCC before transplantation 

The early diagnosis of HCC in China is limited so that a large number of patients 
are diagnosed with advanced HCC. Even if the expanded criteria were applied, many 
patients still lose the opportunity of transplantation. For patients without macrovas-
cular invasion or extrahepatic distant metastases but beyond the current indications, 
downgrade treatments are proved effective to make part of the patients available to 
liver transplantation [65, 66]. The main downgrade treatments include transcatheter 
hepatic arterial chemoembolization (TACE), and local ablation therapy (radio-
frequency ablation, microwave ablation, cryoablation and percutaneous ethanol 
injection) [62]. The combination of multiple therapies may achieve better efficacy. 

6.1.3 Antivirus treatment 

It was reported that over 90% of the HCC patients in China were related to the 
HBV infection. The high HBV load would increase the risk of tumor recurrence 
so that antivirus treatment is recommended pre-, intra- and posttransplantation. 
Before transplantation, the candidate should receive the nucleotide analogues 
(NAs) like entecavir and tenofovir as soon as possible to reduce the HBV load. 
During the nonhepatic phase in operation, the hepatitis B immunoglobulin (HBIG) 
is administered to block the viral transmission. After transplantation, the combina-
tion of NAs and low-dose of HBIG is recommended. HBV vaccines are given to 
some recipients posttransplantation, but the effects are still controversial. 

6.1.4 Immunosuppression and prevention of tumor recurrence 

The triple immunosuppressive regimens (CNI + MMF + corticosteroids) 
still consist the footstone of immunosuppression for HCC liver transplantation. 
Although CNI is reported as an independent risk factor for tumor recurrence, 
complete drug withdraw is not recommended. The mammalian target of rapamycin 
(mTOR) inhibitor like sirolimus or everolimus, which has the potential for the 
inhibition of tumor growth, has been applied with the induction of IL-2 receptor 
antagonist (IL-2RA) in some centers in China. What is advocated currently is the 
individualized regimen based on the individual’s immune status. The main regi-
mens used in clinic include the followings: (1) CNI + MMF + corticosteroids, (2) 
IL-2RA + sirolimus/everolimus + MMF + corticosteroids, and (3) IL-2RA + siroli-
mus/everolimus + MMF [62]. 
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The recurrence of HCC is the main hinder for the long-term survival of these 
patients. Reportedly, the recurrence rate reached 20.0–57.8%; thus, it is critical 
to prevent the recurrence posttransplantation [67, 68]. The effective treatments 
include 131I-labeled metuximab, sorafenib, and chemotherapy. The choice depends 
on the morphological features, neoplasm staging, gene typing, histological grade, 
and biological characteristics of the tumor. 

6.2 Liver transplantation for viral hepatitis 

In China, viral hepatitis is mostly caused by HBV infection, and the prevalence 
of HCV is low. National Hepatitis Serum Epidemiology Survey [69, 70] showed that 
the HBsAg carrier rate in China’s general population aged 1–59 years was 7.18%, while 
the anti-HCV prevalence rate was about 0.43% [71]. Based on this, there are about 
93 million people with chronic HBV infection [72], and for HCV infection, this data 
are 5.6–10 million [73]. Patients with end-stage chronic hepatitis B have become the 
main population of liver transplant recipients in China. According to the China Liver 
Transplant Registry (CLTR) 2015 statistics, patients with viral hepatitis-associated liver 
disease accounted for 74.79%, and hepatitis B virus (HBV)-related liver disease patients 
accounted for 71.25%. Therefore, the following mainly describes the problems faced by 
liver transplantation in the treatment of hepatitis B virus-associated liver disease. 

6.2.1 Indications 

Similar to other indications for liver transplantation in chronic liver disease, liver 
transplantation should be considered when the following conditions occur: 

(a) Patients undergoing systemic medical treatment, but the expected survival time 
is shorter than 2 years 

(b) Recurrent esophageal varices bleeding after endoscopic treatment 

(c) Refractory ascites 

(d) Chronic hepatic encephalopathy 

(e) Occasional bacterial peritonitis 

(f) Liver cancer that occurs on the basis of hepatitis B 

6.2.2 Prevention of hepatitis B virus recurrence after transplantation 

The choice of patients with viral liver disease as recipients of liver transplanta-
tion was once controversial. The main reason is the high recurrence rate of viral 
hepatitis after transplantation. Although the liver transplantation completely 
removes the diseased liver, the extrahepatic tissue and blood are inevitably left with 
a small amount of residual virus, which causes the reinfection of HBV in liver. It 
was reported that the recurrence rate of hepatitis B after liver transplantation for 
hepatitis B-related liver disease is up to 70–80% in China [74, 75]. 

The recurrence of hepatitis B is affected by a variety of factors. The use of 
immunosuppressive agents, preoperative HBV at high replication levels, and 
without other viral coinfections will increase the rate of postoperative hepatitis B 
recurrence. In addition, HBV genotypes can also affect the recurrence of hepatitis B 
after transplantation [76]. Among them, the gene D has the highest recurrence rate. 
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The study found that patients with HBV reactivation after liver transplantation 
have more serious hepatocyte damage and faster fibrosis progression [77]. In the 
short term, it can rapidly develop into fibrous cholestatic hepatitis, cirrhosis, or 
acute liver failure, resulting in the death of the recipient. Therefore, prevention and 
treatment of recurrent hepatitis is particularly important. 

The practice guideline on prophylaxis and treatment of hepatitis B for liver trans-
plantation in China recommended that HBV DNA should not be detected as much 
as possible or the HBV DNA level should be minimized before transplantation [78]. 
Therefore, antiviral drugs such as high-resistance gene barrier NAs (ETV or TDF) 
should be routinely applied before transplantation. In the liver transplantation, the 
fully use of HBIG to neutralize HBsAg is a key measure to prevent HBV infected the 
new liver. After transplantation, the “NAs combined with low-dose HBIG” regimen 
should be used, which could significantly reduce the risk of hepatitis B recurrence. 

HBsAg, HBV DNA, and anti-HBs titers should be frequently detected within 
6 months after HBV-related liver transplantation to monitor HBV replication and 
reinfection, and to determine the dose and frequency of HBIG use. During follow-
up, the recipient’s anti-HBV titer, which suddenly decreased or wore off, often 
indicates the recurrence of HBV, so that the therapeutic regimen should be adjusted. 

6.2.3 Treatment of HBV reinfection/emerging infection after liver transplantation 

HBV reinfection/emerging infection after liver transplantation progresses 
relatively rapidly, which can lead to liver failure and even death of patients. It is 
necessary to carry out targeted evaluation and treatment as soon as possible, aiming 
to rapidly inhibit HBV replication in the short term and to avoid serious liver injury. 
After the HBV reinfection/emerging infection, HBIG should be discontinued and 
treated with high-resistance gene barrier NAs, and HBV-resistant mutant genes and 
regulatory drugs should be tested. Intensive monitoring of HBV DNA levels and liver 
injury indicators should be performed. When the liver injury indicators are abnor-
mal, the pathological examination of the liver tissue should be considered, and the 
degree of liver injury and disease progression comprehensively determines whether 
the liver transplantation should be evaluated again. 

In the selection of NAs drugs, in addition to the resistance mutation fac-
tors, some scholars believe that HBV genotype should also be a reference factor. 
According to the difference of HBV gene sequence, it can be divided into 10 
genotypes of A-J [79]. In China, HBV infection is mainly B/C type [70]. Numerous 
studies have shown that the antiviral efficacy of NAs is affected by the HBV geno-
type. Among them, Chinese literature reports that the antiviral efficacy of NAs is 
significantly different between HBV gene type B and type C [80–83]. It is summa-
rized in the following table. 

At present, the mechanism by which different genotypes of HBV react differ-
ently to antiviral drugs is still unclear. Moreover, some scholars have found that the 
genotype does not affect the antiviral efficacy of the drug, and may be related to the 
different genotype detection methods used by different researchers and the sample 
size. In conclusion, there is no consensus on the effect of HBV genotype on the 
antiviral efficacy of NAs. The specific mechanism and its correlation require further 
clinical observation and basic experimental research to guide clinical antiviral drug 
treatment and efficacy judgment (Table 2). 

6.3 Liver transplantation for alcoholic liver disease 

Alcoholic liver disease is caused by long-term heavy drinking. In the early stage, 
it usually manifests as fatty liver, which in turn can develop into alcoholic hepatitis, 
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NA species The difference of the curative effect 

ETV/entecavir B > C 

LAM/lamivudine B > C 

ADV/adefovir dipivoxil No significant difference 

TDF/tenofovir disoproxil fumarate No significant difference 

LdT/telbivudine B > C 

Table 2. 
NAs make a different curative effect in different HBV genotypes. 

liver fibrosis, and cirrhosis. In severe alcohol abuse, extensive hepatocyte necrosis 
can be induced and even cause liver failure. 

According to the 2014 World Health Organization report, the per capita alcohol 
consumption of Chinese people over the age of 15 is about 6.7 L/year, and 4.8% of the 
population has alcohol use disorders, including 9.1 and 0.2% for men and women, 
respectively. Overall, the proportion of Chinese drinkers and the prevalence of alco-
hol-related liver diseases are on the rise. According to epidemiological survey data of 
alcohol related liver disease in some provinces, the prevalence of alcohol-related liver 
disease is 0.50–8.55% [84–86]. From 2000 to 2004, the proportion of alcohol-related 
liver disease in hospitalized patients with liver disease had increased from 2.4 to 4.3% 
[87]. The proportion of patients with alcoholic cirrhosis in all patients with cirrhosis 
increased from 10.8% in 1999 to 24.0% in 2003 [88, 89]. Alcohol-related liver disease 
has become one of the most important chronic liver disease in China [90]. 

6.3.1 Indications 

It is generally believed that liver transplantation should be considered when 
patients with alcoholic liver disease meet the following conditions: 

(a) Fail to respond to medications. 

(b) Liver lesions are severe or end-stage liver disease manifests. 

(c) Suspected small liver cancer is present (single nodule <5 cm, 1–3 nodules <3 cm). 

(d) No serious alcohol damage in other organs. 

(e) After comprehensive factor evaluation, it is determined that there is a lower post-
operative recovery of alcohol abuse. 

6.3.2 Assess the risk of relapse after transplantation 

Studies have shown that the 3-year survival rate of alcoholic patients after 
liver transplantation is significantly lower than that of nonalcoholic groups [91]. 
Therefore, in patients with alcoholic liver disease, whether or not successful alcohol 
withdrawal after liver transplantation becomes the key. Predictors of longer postop-
erative alcohol withdrawal include: (1) the patient recognizes the severity of alcohol-
ism. (2) The patient has a stable residence. (3) The patient has a stable occupation. 
(4) The patient has at least one closely related patient to provide spiritual support. 

The following factors represent a higher risk of restocking. (1) The patient has had 
psychological or mental disorders. (2) The patient has unstable personality character-
istics. (3) The patient has repeatedly failed to stop drinking. (4) The patient has the 
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habit of drug abuse. (5) The patient’s social relationship is isolated. In practice, effec-
tive preventive education measures can significantly reduce the patient’s redrinking 
after surgery. At present, the Chinese guidelines are feasible for liver transplanta-
tion in patients with alcoholic liver disease who require alcohol withdrawal for 
3–6 months before liver transplantation and no serious alcohol damage in liver. 

6.4 Liver transplantation for metabolic diseases 

Liver is an important metabolic organ of the human body. Therefore, congeni-
tal metabolic diseases caused by defects in certain key metabolic steps are often 
associated with the liver damage. Some genetic metabolic diseases are manifested 
in liver disease in infants or children. As the disease progresses, nerves, kidneys, 
heart, bones, vision, hearing, and skin mucosa are damaged. Liver diseases can 
also aggravated, leading to cirrhosis and liver failure. These diseases are collectively 
referred to as hereditary metabolic liver disease. 

There are many kinds of genetic metabolic diseases, and the etiology is compli-
cated, 50–60% in childhood. At present, there are more than 600 kinds of heredi-
tary metabolic liver diseases, including carbohydrate metabolism disease, amino 
acid metabolism disease, fatty acid metabolism disease, organic acid metabolism 
disease, mitochondrial liver disease, lysosomal disease, peroxisome disease, and 
metal. There are nine categories of metabolic disorders and 1-antitrypsin deficiency. 

Liver disease progresses to advanced cirrhosis or liver failure and requires liver 
transplantation. According to CLTR, 0.69% of the liver transplantation from DCD is 
caused by hereditary metabolic liver diseases. In living donor liver transplantation, 
the rate is 4.13%. 

The clinical manifestations of genetic metabolic diseases are diverse, and the 
symptoms are often not limited to the liver. Since some hereditary metabolic liver 
diseases often involve multiple organ systems, liver transplantation cannot solve the 
lesions outside the liver, leading to a poor prognosis. There are certain limitations in 
liver transplantation in this respect. For example, the effect of simple liver trans-
plantation on patients with progressive familial intrahepatic cholestasis type 1 is not 
ideal. For these diseases, it is often necessary to cooperate with other treatments. 
For example, for hyperglycinemia, liver transplantation can only improve the 
clinical symptoms, and patients can continue to excrete succinylacetone in the urine 
after surgery. Therefore, some cases need to be combined with liver and kidney 
transplantation to correct metabolic abnormalities. 

7. Immunosuppressants for liver transplantation 

With the rapid development of liver transplantation technology, immunosup-
pressive drugs and drug regimens have emerged in endlessly, playing an increasingly 
important role. Looking back, medical pioneers had to use crude technical means such 
as whole-body x irradiation. Until the advent of cyclosporine, liver transplantation 
has gradually become the main stream of treatment for liver failure. Today, drugs like 
azathioprine have almost withdrawn from the stage of history. More and more novel 
immunosuppressants and different strategies are coming into view. Understanding 
each agent’s potency and deficiencies is an essential part of clinical practice. No 
immunosuppressant is universally applicable yet. Patients with renal impairment, 
malignancy, or autoimmune diseases may need specific agent or regimen. Therefore, 
individualized treatment is essential. Here, some commonly used immunosuppres-
sants will be briefly introduced and discussed. Emphasis will be placed on the clinical 
application, rather than the mechanism of agents (Table 3 and Figure 5). 
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7.1 Calcineurin inhibitors 

Cyclosporine and tacrolimus are two well-known calcineurin inhibitors (CNIs). 
Both of them are discovered from the soil fungus and are mechanistically similar. 
They can suppress the immune system by inhibiting interleukin 2 (IL2) gene 
transcription. Cyclosporine’s effect is mediated by cyclosporine’s association with 
cyclophilin, while the tacrolimus’s effect is mediated by a specific interaction 
with FK-binding protein-12 (FKBP12), both of which can result in inhibition of 
the calcium/calmodulin-dependent phosphatase complex calcineurin, hence the 
designation “calcineurin inhibitor” (or CNI). An important distinction is that the 
immunosuppressive potency of tacrolimus is estimated to be 100-fold greater on 
a molar level. Due to their powerful capacity in reducing acute rejection, the CNIs 
have been playing an important role in immunosuppression regimens postliver 
transplantation. As it should be noted that most recent trials use tacrolimus 
monotherapy or tacrolimus-based therapy as the control group, suggesting that 
tacrolimus is considered the standard against, which other immunosuppressants 
are compared. 

Despite the potency of CNIs, some serious problems remain. The CNIs may have 
close relationship with renal toxicity, HCV reinfection, hepatocellular carcinoma 
recurrence, and some other negative effects [92–94]. So how to use CNIs properly in 
liver transplantation is a conundrum. At present, to perform therapeutic drug monitor-
ing to reduce the chance of overdosing is necessary, but not enough. The only reason-
able step when facing those complicated cases is to minimize or eliminate CNI use. 

7.2 Antimetabolites 

As for antimetabolites, what is popular now is mycophenolate mofetil (MMF; 
Hoffmann La Roche, Basel, Switzerland), which is a prodrug of mycophenolic acid 
(MPA). It takes effect through inhibiting inosine-59-monophosphate dehydroge-
nase (IMPDH), an important enzyme for de novo synthesis of guanosine nucleo-
tides. Thanks to Sollinger, MMF was brought to the clinic in the early 1990s and 
used as an immunosuppressant from then on. 

Another prodrug of MPA being used clinically is referred to as enteric-coated 
mycophenolate sodium (ECMPS; Novartis, Basel, Switzerland). Different from 
MMF, EC-MPS is not rapidly absorbed in the stomach; it is a delayed-release 
drug formulation that allows release of MPA in the small intestine via a pH-
dependent dissolution. The research and development of EC-MPS was trying to 
solve the well-known gastrointestinal side effects of MMF. However, things are 
not as smooth as imagined. Studies have not demonstrated fewer side effects with 
EC-MPS [95]. 

Due to the renal toxicity of CNI, MMF and EC-MPS are playing an increasing 
potential role in liver transplantation as they basically have no nephrotoxicity. 
Several studies have now shown that MMF and EC-MPS are superior to CNIs in 
terms of renal function, at the cost of a higher rejection rate [96]. For now, compro-
mise is inevitable in such situation. Regimens like “MMF/EC-MPS +low dose CNIs” 
are acceptable [97]. 

As mentioned above, MMF and EC-MPS are not without side effects. Both 
gastrointestinal disorders and hematological suppression are concerns that cannot 
be ignored. 

By the way, azathioprine (AZA) is another antimetabolite that has left an 
important part in the history of liver transplantation. Though its role for preventing 
rejection has been almost completely replaced by MMF/EC-MPS, some researches 
demonstrated that AZA may have some kind of anti-HCV effects [98, 99]. 
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Surgical Challenges in the Management of Liver Disease 

Figure 5. 
The mechanism of common immunosuppressive agents. 

7.3 mTOR inhibitors 

Mammalian target of rapamycin (mTOR) inhibitors include sirolimus (rapamy-
cin; Wyeth) and everolimus (a rapamycin derivative; Novartis). Rapamycin was 
first discovered in soil from Easter Island (Rapa Nui). Researchers were trying to 
find its fungi inhibiting ability while accidentally found its immunosuppressive 
effect. Rapamycin can bind to FKBP12 and form FKBP12 immunosuppressive 
complex, which can bind to and inhibit the activity of mTOR, thus inhibiting the 
development of G1 to S phase in cell cycle. Unlike the CNI effects, rapamycin allows 
T cell activation, but prevents cells from proliferating in response to IL2. 

mTOR inhibitors have been approved for use in renal and heart transplantation 
in combination with CNIs, but not in liver transplantation so far. The use of mTOR 
inhibitors may cause several adverse reactions: 

(a) It may be related to the development of early posttransplant hepatic artery 
thrombosis, though not confirmed [100, 101]. 

(b) It may elevate blood lipids (cholesterol). 

(c) It may cause wound-healing delays, leg edema and mouth ulcers. 

(d) However, this is not to say that mTOR inhibitors have no advantage in liver 
transplantation. 

(e) It may reduce early renal dysfunction compared to CNIs. 

(f) It may promote liver allograft tolerance compared to CNIs [102, 103]. 

(g) It has antitumor effects compared to CNIs [104, 105]. 

(h) It may have antifibrosis effect [106]. 

All in all, although mTOR inhibitors are not approved for use in liver transplan-
tation yet, they have good reasons for further investigation. 

7.4 Steroids 

No doubt, steroids have made great contributions through the development of 
liver transplantation. For many years, they have been fighting against rejection. 
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While as always the case, their utilization today is controversial. On one hand, 
corticosteroids have a wide range of immunosuppressive properties: 

(a) Inhibit arachidonic acid metabolism 

(b) Affect antigen presentation by dendritic cells 

(c) Inhibit IL1-dependent lymphocyte activation by decreasing IL1 transcription 

Their broad spectrum of effects provides excellent anti-inflammatory activity 
that often reverses ongoing allograft rejection. 

Of course, their side effects are also well known such as diabetes, hypertension, 
osteoporosis, obesity, etc. Besides, researches also suggested that high-dose steroids 
may exacerbate HCV infection and fibrosis, especially when used as pulse therapy 
for antirejection treatment [107]. Thus, how to use steroids in a proper way is still 
a pending problem. A variety of steroid-free/minimization immunosuppressive 
protocols in liver transplantation are under evaluation [108]. 

7.5 Other promising immunosuppressants or therapy 

Due to space limitations, we did not talk about biologic agents like ATG and 
basiliximab, and will not discuss those promising agents such as belatacept, alemtu-
zumab and efalizumab, or cellular-based therapy, which may be widely used in liver 
transplantation in the future. For details, readers can refer to [109]. 

7.6 Common solutions and suggestions 

Tacrolimus-based therapy: “Tac + MMF + steroids” or “Tac + steroids.” 
Day 0 (the day of the operation): methylprednisolone 500 mg, intravenous, 

intraoperative; no Tac. 
Postoperation: Tac 0.05 mg/(kg*d), twice, later adjust the dose according to 

blood concentration; methylprednisolone, gradually decrease the dosage, and on 
day 7 changed to prednisone 20 mg, oral administration; MMF 1.5–2 mg/d, twice. 

About 24–48 hours after Tac administration, blood concentration should be 
tested, and together with other clinical results adjust the Tac dosage. 

Steroids withdrawal strategy: day 0, methylprednisolone 500 mg, intravenous, 
intraoperative; day 1, 240 mg; then decrease 40 mg every day; day 7, change to 
prednisone 20 mg, oral administration. 1 month postoperation, start to decrease 
prednisone dosage, decrease 2.5 mg every 2 weeks. For hepatic cancer and hepa-
titis C recipients, the process of reducing the dosage should be fast. While for the 
primary biliary cirrhosis and combined liver kidney transplantation recipients, the 
process should be slower. In addition, gastric protective drugs should be used when 
steroids are used. 

For better-individualized medication, we have to understand the merits and 
demerits of each immunosuppressant available for liver transplantation, along 
with each patient’s condition. On this individualized basis, our ultimate goal is to 
minimize or even eliminate long-term pharmacological immunosuppression in liver 
transplantation recipients. Though difficult, it is worth the effort. 

8. Postoperative follow-up of liver transplantation 

Nowadays, with the improvement of the surgical techniques of liver transplanta-
tion and the update of immunosuppressive agents, liver transplantation in china 

85 

http://dx.doi.org/10.5772/intechopen.81230


 

 
 

  

  
 

 
 

 
 

 
 

 

 
 

 

  

 

  

 

  
 

 

 
 

 
 

 
 

  
 

Surgical Challenges in the Management of Liver Disease 

is getting more and more mature, which has already been in line with the interna-
tional standards, approximately 95% of patients can safely get through the periop-
erative period and discharge from hospital [110, 111]. With the increasing of cases 
of liver transplantation and the prolongation of life span, the patients’ long-term 
treatment and follow-up work have been paid more and more attention by experts 
and related scholars. 

The follow-up of liver transplantation is a long and complex work, which is 
mainly characterized by large data volume, individual differences, and long follow-
up period (generally, lifelong follow-up). An efficient and reasonable follow-up 
system can not only improve the efficiency of the transplant center, but can also 
increase the rate of survival of patients. With the gradual standardization of liver 
transplantation, an ideal postoperative follow-up system has become an important 
indicator of a mature liver transplantation center. 

8.1 Meaning of regular follow-up 

Through regular follow-up, the clinicians can dynamically observe the rehabili-
tation, mental state and medication situation of liver transplant recipients, and give 
necessary guidance and health education. In the follow-up, the clinicians can detect 
and deal with the complications after liver transplantation in time, improve the 
quality of life, prolong the survival period after the operation. Because the inci-
dence of tumor after transplantation is higher than that of the general population, 
especially liver transplantation of HCC patients may lead to tumor recurrence and 
metastasis, follow-up regularly can promptly detect the tumor and give appropriate 
treatment. Moreover, follow-up is the need of medical model transformation, which 
makes up for the shortage of medical resources, is a tracking service and also an 
active service. In today’s China acute contradiction between doctors and patients, 
follow-up is a very good way of communication, which can make the relationship 
between doctors and patients more harmonious and understand each other more. 
Meanwhile, collection of information of the regular follow-up can accumulate valu-
able experience for clinical and scientific research [112]. 

8.2 Development and method of follow-up in China 

Liver transplantation centers in China are in different stages of development, 
and each center should choose a suitable follow-up method according to its out-
patient follow-up volume and staffing. With the increase of liver transplantation 
cases, our center has established the database for recipients’ management and 
follow-up since 2002, which is constantly updated and improved. In the early stage 
of liver transplantation, many centers in China lack a sound follow-up system, 
which is passive and sporadic. In 2008, China Liver Transplantation Registry 
(CLTR) came into use, the first liver transplantation scientific registration system 
in China, which is an intelligent data collection and management system in line 
with the characteristics of organ transplantation in China [48]. It sets up a good 
platform for clinical evidence-based medicine and the scientific research and 
provides patients with high-quality medical service at the same time. In our center, 
we set specialized transplant clinic and establish a complete follow-up procedure 
(Figure 6). The patients should follow the standard follow-up program in the 
absence of complications, including outpatient frequency and inspection items of 
follow-up (see Table 4) [113, 114]. Because exceeding or insufficient immunosup-
pressive agent has a negative effect on graft function, its concentration must be 
monitored regularly (see Table 5). In addition, there is a big problem in China now 
that all the candidates and recipients are lack of health education related with organ 
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Figure 6. 
Follow-up procedure after liver transplantation. 

transplantation, which lead to many problems of long survival and better quality of 
life. Our center is aware of it and gives the patients regular health education during 
follow-up through PPT, video and handbook, etc. [115, 116]. 

Inspection items 1–3 m 3–6 m 6–12 m >12 m 
post-LT post-LT post-LT post-LT 

Blood routine Once a week Once 2 Once a Once half 
weeks month year 

Liver function Once a week Once 2 Once a Once half 
weeks month year 

Renal function Once a week Once 2 Once a Once half 
weeks month year 

Blood glucose and lipids levels Once a week Once 2 Once a Once half 
weeks month year 

Blood coagulation function Once a week Once 2 Once a Once half 
weeks month year 

Immunosuppressive agent concentration Once a week Once 2 Once a Once half 
weeks month year 

HBsAg (for chronic hepatitis B patients) Once a month Once half year 

HBV-DNA (for chronic hepatitis B Once a month Once half year 
patients) 

HCV-DNA Once a month Once half year 

AFP (for hepatocellular carcinoma Once a month Once half year 
patients) 

Color ultrasound of transplanted liver Once a month Once half year 

Chest film or lung CT Once a month Once half year 

CT and MRCP Once 3 months Once half year 

Abbreviation: m, month; post-LT, post liver transplantation. 

Table 4. 
Frequency and inspection items of follow-up. 
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1 D–1 Mpost-LT 1–3 Mpost-LT 3–12 Mpost-LT >12 Mpost-LT 

Fk506 C0 8–10 6–8 6–8 5–7 
(ng/mL) 

CSA C0 200–350 150–300 100–250 >50 
(ng/mL) 

CSA C2 1000–1500 800–1200 600–1000 >400 
(ng/mL) 

SIR C0 5–8 4–8 4–8 3–6 
(ng/mL) 

Abbreviation: C0, the minimal concentration; C2, peak plasma concentration. 

Table 5. 
Immunosuppressive agents concentration based on postoperative time. 

As is well known, the success of liver transplant surgery only means the begin-
ning of a new life for patients. The long-term survival of liver transplant recipients 
depends not only on the surgical skills of surgeons, but also on the high quality and 
efficient follow-up after liver transplantation. With the increase in the number of 
liver transplantation and the application of CLTR, the experts and scholars in China 
will have more experience to help the patients benefit from liver transplantation. 

9. Conclusion and future perspectives 

After decades of efforts, the liver transplantation in Mainland China has made 
many achievements. The number of cases has ranked second in the world, and the 
quality and survival rate are no different from those of advanced countries; since 
2010, China’s organ donation work has been gradually carried out, and the source of 
liver transplant donors has transitioned from relying on judicial channels to DCDs 
and relative living donors. Before 2015, DCD work has not been widely carried out 
in the country. For some time, due to the shortage of donors, the proportion of 
living relatives has increased significantly (Figures 7 and 8), but with the develop-
ment of DCD work, DCD has become the main source of liver, which better allevi-
ated the problem of organ shortage, meanwhile many shortcoming and problems 
have been exposed in the DCD era. 

(1) The main primary disease of liver transplantation in current China is still 
HBV-related disease. China is a large HBV country, and patients requiring liver 
transplantation are increasing year by year. Although DCD donors alleviate 
the shortage of donors to a certain extent, it is necessary for Chinese health 
management departments to pay more attention to the prevention and treat-
ment of HBV and related research work. For transplant experts, more work 
and research is needed on HBV treatment and prevention of recurrence before 
and after transplantation. 

(2) The proportion of liver cancer liver transplants in China is high (Figures 9 
and 10). How to develop a liver transplantation standard suitable for liver 
cancer in China, how to reduce the recurrence of liver cancer after transplanta-
tion, prolong the survival time, and how to effectively combine with immuno-
suppressant are also problems faced by Chinese physicians. 

(3) Legal regulations are not yet complete. China has not established a brain death 
law, and the relevant transplant laws and regulations are also quite lacking. 
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Figure 7. 
Proportion of living donor liver transplantation (data from CLTR). 

Figure 8. 
The categories of living donors (data from CLTR). 

Figure 9. 
2010–2017 Primary disease statistics of DCD liver transplant recipients (data from CLTR). 
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Figure 10. 
2010–2017 Primary disease statistics of living donor liver transplant recipients (data from CLTR). 

The corresponding management system is still not perfect. The Chinese 
government and transplant experts are also constantly exploring and working 
hard on these issues. 

(4) DCD-related work needs to be strengthened. China’s contribution rate per mil-
lion populations is very low, only about three cases per million people. In order 
to better carry out DCD work, it is necessary to increase the positive publicity 
of organ donation, further improve the donation, acquisition and distribution 
system, and establish effective services for transplant-related institutions. 
These are issues that China still needs to solve. 

China’s liver transplantation is facing enormous challenges and opportunities. 
It not only faces legal issues, sociology, ethics, and many other issues in donor 
donation, but also requires surgeons to refine and continuously improve surgical 
methods. More related researches needed to be done by transplant scholars. The 
entry criteria for liver transplant recipients and the induction of human immune 
tolerance in accordance with China’s national conditions also depend on further 
research by domestic transplant workers, and the solution to these problems will 
be tortuous and difficult. We believe that through the long-term joint efforts of the 
Chinese transplanting colleagues, China’s liver transplantation will have a brighter 
future. 
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Chapter 7

Colorectal Liver Metastases
Julio Wiederkehr, Barbara Wiederkehr 
and Henrique Wiederkehr

Abstract

The adenocarcinoma of the colon and rectum (CRC) affects more than 1.3
million patients each year, being the third most common malignancy in the
world. Approximately, 30–50% of these patients will present with liver metas-
tasis at the time of diagnosis or will develop metastasis later. The incidence of
metastatic CRC (mCRC) is approximately 4.3% at 1 year, 8.7% at 2 years, 12%
at 3 years, and 16.5% at 5 years after resection. Recently, the clinical outcome
for patients with mCRC has improved, with a median overall survival (OS)
for patients with mCRC is approximately 30 months, more than twice of that
observed 20 years ago. The treatment approach for patients with colorectal liver
metastases should be focused toward complete resection whenever possible,
with both oncological and technical criteria being considered. Considering the
fact that nearly 80% of patients with mCRC are not candidates for resection
at diagnosis, initial treatment options include chemotherapy and locoregional
therapies. Associating liver partition and portal vein ligation for staged hepatec-
tomy (ALPPS) has emerged as modification on classic two-staged hepatectomy
(TSH) with portal vein embolization. In experienced hepatobiliary centers and
in well-selected patients, ALPPS can be performed with low morbidity and
minimal mortality, resulting in good intermediate-term survival and excellent
quality of life. Multidisciplinary tumor boards should critically scrutinize the
best treatment options.

Keywords: colorectal cancer, liver, liver cancer, liver metastasis

1. Introduction

The adenocarcinoma of the colon and rectum (CRC) affect more than 1.3 mil-
lion patients each year, being the third most common malignancy in the world [1]. 
Approximately, 30–50% of these patients will present with liver metastasis at the
time of diagnosis or will develop metastasis later [2, 3].

Due to the fact that venous drainage of the intestinal tract is via the portal sys-
tem, the first site of hematogenous spreading is usually the liver. The most common
site of metastatic CRC is the liver, occurring in 80% of cases, representing nearly
half of all patients with CRC. It is also the single site of metastasis in 20–50% of the
cases [2]. The majority of metastatic CRC liver disease will be potentially resectable
at the time of diagnosis, approximately 75–80% of cases [3]. Recurrence after resec-
tion of the primary lesion depends on the stage. The overall recurrence rate ranges
from 9% in stage 1–56% in stage 3 CRC tumors [3].

A majority of CRC metastases (mCRC) occurs within the first 3 years. The
incidence of mCRC is approximately 4.3% at 1 year, 8.7% at 2 years, 12% at
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lion patients each year, being the third most common malignancy in the world [1]. 
Approximately, 30–50% of these patients will present with liver metastasis at the 
time of diagnosis or will develop metastasis later [2, 3]. 

Due to the fact that venous drainage of the intestinal tract is via the portal sys-
tem, the first site of hematogenous spreading is usually the liver. The most common 
site of metastatic CRC is the liver, occurring in 80% of cases, representing nearly 
half of all patients with CRC. It is also the single site of metastasis in 20–50% of the 
cases [2]. The majority of metastatic CRC liver disease will be potentially resectable 
at the time of diagnosis, approximately 75–80% of cases [3]. Recurrence after resec-
tion of the primary lesion depends on the stage. The overall recurrence rate ranges 
from 9% in stage 1–56% in stage 3 CRC tumors [3]. 

A majority of CRC metastases (mCRC) occurs within the first 3 years. The 
incidence of mCRC is approximately 4.3% at 1 year, 8.7% at 2 years, 12% at 
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3 years, and 16.5% at 5 years after resection [2]. The frequency of metachronous 
CRC metastases is highly variable in the literature, arising from database differ-
ences and diversity of definitions. Metachronous CRC metastases are restricted 
to the liver in 44% of patients with distant recurrence following potentially 
curative resection of the primary lesion. In prospective and retrospective studies 
of referral centers, this rate reaches 35% [4]. In prospective observational studies 
and population studies, this frequency is lower, ranging from 5.7 to 16.3% [5]. 
In population studies, the frequency of synchronous liver metastases from CRC 
varies from 14.5 to 24% [2]. Patients presenting with stage 4 disease at the time 
of the diagnosis will have liver-confined metastases (synchronous metastases) in 
77% of the cases [6]. 

Recently, the clinical outcome for patients with mCRC has improved. Nowadays, 
the median overall survival (OS) for patients with mCRC is approximately 
30 months, more than twice of that observed 20 years ago [7]. It is not clear which 
improvements and/or strategic changes in the treatment and management of 
patients with mCRC in recent years have been responsible for the improved treat-
ment outcomes for these patients. Some changes that might have contributed for 
this gain in OS are (i) changes in the clinical presentation of patients, before the 
commencement of treatment, due to closer follow-up after resection of the primary 
tumor and earlier detection of metastatic disease; (ii) improvements in the effi-
cacy of systemic therapies in terms of regimens used, sequence of administration, 
number of lines of therapy administered, and biomarker-based patient selection; 
(iii) an increase in the number of patients being treated with a view to facilitating 
resection of their metastases, offering an increased number of patients the chance 
of cure and/or durable relapse-free survival and, more recently, the utilization of 
other ablative therapy techniques with the aim of achieving the same outcome; and 
(iv) implementation of “continuum of care” treatment strategies coupled with the 
early integration of optimal supportive care measures [7]. 

The best treatment strategies for patients with mCRC are evolving rapidly. 
Superior clinical outcomes are reached when the treatment approaches for individ-
ual patients are discussed within a multidisciplinary team (MDT) of experts, meet-
ing regularly as a tumor board to review mCRC cases [8]. The responsibility of the 
MDT is to define the initial diagnostic workup and then the treatment focus, based 
on the best diagnostic and therapeutic decision-making available. Initially, the MDT 
member should critically define whether or not a patient has clearly resectable or 
initially unresectable metastatic disease. Contrariwise, for patients whose disease is 
believed “never to be resectable,” the discussion may be left to the treating medical 
oncologist (after discussion with the MDT) and patient as to the pros and cons of 
various approaches and sequences based on the perceived aims (e.g., duration of 
disease control versus quality of life and toxicity profiles, etc.) [7]. 

2. Imaging 

The preferred method for the diagnosis of extrahepatic disease is computed 
tomography (CT) [9–11]. It is the method of choice for staging and follow-up of 
patients with colorectal cancer, as imaging methods are widespread in our environ-
ment, familiar to oncologists, radiologists, and surgeons, with good cost/benefit. 
Therefore, the use of CT is recommended as the initial method in the diagnosis of 
extrahepatic metastases. 

Magnetic resonance imaging (MRI) is the most accurate imaging technique 
for the detection and characterization of focal liver lesions. However, costs are 
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higher and it has restricted availability. Other limitations include magnetic field 
exposure and gadolinium use restrictions in patients with renal insufficiency. 
Retrospective and meta-analyses have shown that MRI has a superior sensitivity 
to TC both in analysis per patient (81.1–88.2% vs. 74.8–83.6%) and in analysis per 
lesion (80.3–86.3% vs. 74.4–82.6%); such superiority is related to higher detection 
of lesions smaller than 1 cm [12, 13]. MRI with hepatobiliary contrast has dem-
onstrated to have greater accuracy than FDG-PET/CT in detection of small liver 
metastases (92 vs. 60%) [14]. In a multicenter randomized prospective study, the 
performance of MRI with hepatobiliary contrast was superior to CT with iodin-
ated contrast and MRI with extracellular gadolinium as first-line method in the 
initial evaluation of liver mCRC [14]. 

PET/CT have shown to be of great value in the evaluation of extrahepatic sites of 
metastases undetected by other methods in patients eligible for surgical resection of 
liver mCRC, altering the therapeutic plan [15, 16]. 

Since cross-sectional imaging modalities have improved sensitivity of the diag-
nosis of mCRC, diagnostic laparoscopy is no longer standard for evaluating patients 
with mCRC. Instead, it is only used in patients with a suspicion of small-volume 
carcinomatosis on radiographic imaging studies or who are at particularly high risk 
for harboring unresectable diseases [17]. 

3. Prognostic determinants 

The pathologic stage at presentation is the most important indicator of outcome 
after treatment in general, followed by the presence of extramural tumor depos-
its, lymphovascular and perineural invasion, histologic grade of differentiation, 
the preoperative level of serum carcinoembryonic antigen (CEA), microsatellite 
instability (MSI), and RAS and BRAF mutations [18, 19]. 

Microsatellite instability (MSI) status or mismatch repair deficiency (MMR-D) 
has been the biomarker for adjuvant 5-FU monotherapy and immune checkpoint 
inhibitor. Hematogenous and lymphogenous metastasis-dominant CRC with high-
frequency MSI (MSI-H) are reported to have poor prognosis. However, the validity 
as the prognostic factor of MMR is still to be confirmed, and it should thus be used 
cautiously [20, 21]. 

On the other hand, it is also known that RAS and BRAF mutations are of prog-
nostic and predictive value in mCRC [21]. The pathogenesis of CRC involves the 
accumulation of genetic and epigenetic modifications within pathways that regulate 
proliferation, apoptosis, and angiogenesis. 

KRAS mutations involving either codon 12 or 13 can be identified in 12–75% of 
tumors, and they have been individually correlated with a worse prognosis in most 
studies [22]. BRAF V600E mutations are present in 8–10% of patients, are consis-
tently associated with poor prognosis, and result in possible patient ineligibility for 
resection of mCRC [23]. Recently, a small single-center cohort study showed that 
21 of 52 patients with BRAF V600E mutant who underwent metastasectomy had 
longer OS (29.1 vs. 22.7 months) and progression-free survival (13.6 vs. 6.2 months) 
than the non-metastasectomy cohort. The authors concluded that multimodality 
therapy incorporating metastasectomy for BRAF V600E metastatic CRC should 
be considered and might be associated with improved OS in selected patients [24]. 
Meanwhile, BRAF V600E can be a biomarker for selecting the appropriate chemo-
therapy regimen [21]. 

Another feature that also appears to affect the prognosis of patients who develop 
liver metastases is the embryonic origin of the primary colon cancer. In an analysis 
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of 727 patients who were submitted to chemotherapy followed by resection, mCRC 
from midgut origin (right colon tumors) was associated with worse pathologic 
response to chemotherapy and worse survival after resection than mCRC from 
hindgut origin (left/sigmoid colon tumors) [25]. This effect was independent of the 
RAS mutation status. Primary tumor from right-sided colon might be more prone to 
recur. Therefore, palliative resection might not be done since these patients showed 
no benefit from resection [26]. 

4. Patient selection 

The treatment approach for patients with colorectal liver metastases should be 
focused toward complete resection whenever possible, with both “oncological” 
(prognostic) and “technical” (surgical) criteria being considered when evaluating 
patients for surgery [27, 28]. 

The “technical” definitions of resectable mCRC have evolved over time, with the 
current consensus proposing that disease should be considered technically resect-
able as long as complete macroscopic resection is feasible while maintaining at least 
a 30% future liver remnant (FLR) or a remnant liver to body weight ratio >0.5 (e.g., 
>350 g of the liver per 70 kg patient) [29]. Nevertheless, not all patients with tech-
nically resectable liver-limited metastases benefit from surgery; approximately half 
of the patients submitted to resection of mCRC will present widespread systemic 
disease within 3 years of the resection [30]. 

Prognostic information that predicts a longer disease-free survival (DFS) or a 
higher probability of cure is provided by the “oncological” criteria. Strong param-
eters for the oncological criteria are the number of lesions; the presence, or sus-
picion, of extrahepatic disease; and numerous other criteria used in retrospective 
studies. Fong et al. proposed a score based on the following parameters: nodal status 
of primary tumor, disease-free interval from the primary to discovery of the liver 
metastases of <12 months, number of tumors >1, preoperative CEA level >200 ng/ml, 
and size of the largest tumor >5 cm (Table 1) [31]. Thus, for some patients, neoad-
juvant chemotherapy may be a better option than upfront surgery. 

In practice, the patients can be categorized, based upon the criteria above, 
whether or not they are eligible for resection, as proposed by Adam et al. (Table 2) 
[28]. The disease can be categorized as resectable, not optimally resectable, or 
unresectable. The not optimally resectable disease is defined as difficult to resect for 
technical reasons (proximity to hepatic vein and portal vein branches) or technically 

Survival (%) 

Score 1 year 2 year 3 year 4 year 5 year Median (mo) 

0 93 79 72 60 60 74 

1 91 76 66 54 44 51 

2 89 73 60 51 40 47 

3 86 67 42 25 20 33 

4 70 45 38 29 25 20 

5 71 45 27 14 14 

Each risk factor is one point: node-positive primary, disease-free interval <12 months, >1 tumor, size >5 cm, CEA 
>200 ng/ml. 

Table 1. 
Clinical risk score for tumor recurrence proposed by Fong et al. [31]. 
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Category Contraindication 

Technical 

1. Absolute Impossibility of R0 resection and functional residual liver volume preserved (≥ 25–30% 
liver remnant) 
Presence of unresectable extrahepatic disease 

2. Relative R0 resection possible only with complex procedure (portal vein embolization, two-stage 
hepatectomy, hepatectomy combined with ablationa) 
R1 resection 

Oncological 

1. Concomitant extrahepatic disease (unresectable) 

2. Number of lesion ≥5 

3. Tumor progression 

Any patient should be categorized as A1 or A2/B1, B2, or B3. This classification may help to clearly define the type of 
unresectable patients included in all clinical trials. 
aIncludes all methods, including radiofrequency ablation. 

Table 2. 
Contraindications to hepatic resection in patients with CRC liver metastases (adapted from Adam et al. [28]). 

possible to resect, but oncologically problematic (number of liver metastases greater 
than 4, maximum diameter 5 cm or more, synchronous liver metastases, primary 
lymph node metastasis positive, and high levels of tumor markers) [32]. 

5. Treatment options 

Considering the fact that nearly 80% of patients with mCRC are not candidates 
for resection at diagnosis [33], initial treatment options include chemotherapy 
and several locoregional therapies. In these cases, chemotherapy in combination 
with molecular targeted drugs is recommended, followed by curative resection if a 
response is achieved. 

5.1 Chemotherapy 

In patients with “favorable oncological” criteria (i.e., >50% likelihood of cure 
based on various factors including long-term metachronous disease) and “favor-
able surgical” criteria (no massive disease infiltration), both upfront surgery and 
perioperative chemotherapy are options. The EPOC study with perioperative che-
motherapy has shown no clear predilection for one option over the other, since the 
5-year OS rate reported for the perioperative chemotherapy group was 51% (95% CI 
45–58) versus 48% (95% CI 40–55) in the surgery-only group [34]. 

However, in cases with disease that is not technically challenging to resect but 
where the prognostic situation is unclear, perioperative chemotherapy should be 
the preferable treatment strategy. These patients should undergo perioperative 
chemotherapy, 3 months before surgery and 3 months after surgery. The preferred 
treatment in this situation should be FOLFOX (or alternatively capecitabine 
with oxaliplatin—CAPOX) as reported for the EPOC trial [34]. EGFR-targeting 
monoclonal antibodies (cetuximab and panitumumab) are not to be used in this 
setting, based on the data from the New EPOC trial [35]. No data with bevacizumab 
are available for this specific patient group; thus, bevacizumab is not indicated 
[7]. Hence, especially in the case of synchronous metastatic disease, neoadjuvant 
chemotherapy preceding liver resection is often undertaken as a way of assessing 
the natural history of metastatic disease prior to resection. 
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The use of conversion chemotherapy in clinical practice is based on the fact 
that initially unresectable tumors that are judged resectable after responding to 
chemotherapy and that undergo surgery display better long-term result than those 
treated with chemotherapy only [7, 36]. It is reported that up to 33% of patients 
with “initially unresectable” hepatic metastases have a sufficient objective response 
to conversion therapy to permit a subsequent complete (R0) resection [17, 37]. 
However, it has also been reported that the probability of downstaging a truly 
unresectable disease to the point of resectability is only up to 15 [38]. 

Another important aspect that has to be studied when considering conversion 
therapy is that longer durations of chemotherapy increase the possibility of liver 
toxicity and postoperative complications. Evaluation of the response through imag-
ing tests should be made each 6–8-week gap, and the resection should be made as 
soon as the metastases are considered undoubtedly resectable [38]. 

In this scenario the response of the disease to the systemic treatment is also very 
important. If a growth of the disease is perceived while on chemotherapy or even 
the development of extrahepatic disease appears in this period, it may indicate that 
the tumor is biologically aggressive and it would not benefit from resection [17]. 

After complete resection of mCRC, the best postoperative strategy is debatable 
as well. Due to the lack of published randomized trials to conduct clinical practice, 
some suggest completion of a 6-month course of systemic chemotherapy (includ-
ing courses administered as neoadjuvant therapy), as also suggested by updated 
guidelines from the National Comprehensive Cancer Network (NCCN) [38]. 

The strong tumor responses for mCRC with the new agents in chemotherapy can 
even reach a complete response status. The tumors with less than 2 cm in diameter 
and more than 1 cm deep in the hepatic parenchyma are the ones with greater risk 
of vanishing [39]. Nevertheless, the resection is still needed considering that true 
pathologic complete response or clinical long-term response is, after chemotherapy 
alone, present in only 17% of the patients [40]. Therefore, those at risk of disap-
pearing with the neoadjuvant treatment should be marked with a fiducial marker 
such as a coil before chemotherapy [41]. 

5.2 Radiofrequency ablation therapy 

Though resection is considered the gold standard care of mCRC, sometimes 
there are contraindications due to anatomical reasons. Additionally, there may be 
comorbidities or liver dysfunction associated which grades the patient as ineligible 
for major surgery. In these cases, radiofrequency ablation (RFA) represents a great 
alternative [21]. 

Considered as a parenchymal-sparing approach, the ablation therapy has been 
used for managing tumors that can vary from small to unresectable. It can be used 
as part of a combined ablation/resection tactic in cases of borderline resectable 
tumors or cases with risk of insufficient future liver remnant [17]. In a multicenter 
study of 288 patients who underwent combined intraoperative ablation and resec-
tion of mCRC, the 5-year overall survival was 37%, and local recurrence-free 
survival from ablated lesions was 78%. Postoperative mortality was 1%, and the 
overall complication rate was 35% [42]. 

5.3 ALPPS 

Associating liver partition and portal vein ligation for staged hepatectomy 
(ALPPS) has emerged as modification on classic two-staged hepatectomy (TSH) 
with portal vein embolization. This new concept of liver resection, ALPPS, was 
first described in 2011 [43]. The main advantage of ALPPS is its ability to generate 
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extensive and accelerated hypertrophy of the future liver remnant (FLR), achiev-
ing adequate volume for completion of the second stage of the ALPPS in as short as 
1 week. This method for hepatic resection has also been described to treat various 
hepatic tumors in children [44]. ALPPS brings solution to a major flaw of classic 
TSH, where a considerable percentage (≈30%) of patients are unable to complete 
the second stage due to insufficient future liver remnant (FLR) growth and short-
interval progression of the disease [45]. 

In the initial study, 68% of the patients experienced complications, and the 
surgical mortality rate was 12% [43]. Since the first description of ALPPS, there has 
been a great deal of interest in this treatment. However, criticism of the approach 
has been raised mainly regarding surgical morbidity and mortality [46]. 

Recently, Wanis et al. [47] reported a cohort of 58 patients who underwent 
ALPPS for colorectal liver metastases. They observed no perioperative mortalities 
and a rate of severe complications of 21%. The 3-year post-ALPPS overall survival 
was 50%, while the disease-free survival was 13%. The most common site of first 
recurrence was the liver alone (38%). Patient-reported quality of life after ALPPS 
was similar to reference values for general population 

Additionally, the Scandinavian Multicenter Randomized Controlled Trial 
(LIGRO Trial) comparing ALPPS with TSH [48], showed a much higher resection 
rate for ALPPS, 92% (44/48), than TSH, 57% (28/49) (P < 0.0001). Considering 
other parameters, such as complications [43% (19/44) vs. 43% (12/28)] and 90-day 
mortality [8.3% (4/48) vs. 6.1% (3/49)] or R0 RRs [77% (34/44) vs. 57% (16/28)], 
no differences were observed. 

In experienced hepatobiliary centers and in well-selected patients, ALPPS can be 
performed with low perioperative morbidity and minimal to no mortality, resulting 
in good intermediate-term survival and excellent quality of life [47]. 

Although many centers have been using ALPPS associated with right hepatectomy 
with good results to treat liver mCRC, indications for ALPPS should continue to be 
scrutinized critically by multidisciplinary tumor boards based on accepted criteria of 
remnant liver volume, number of prior cycles of chemotherapy, and histologic criteria 
of the presence or absence of underlying parenchymal hepatic damage based on at the 
least a fresh frozen section during stage 1, when considering ALPPS [49]. 

The technique consists of a bilateral subcostal laparotomy using an adult sub-
costal retractor. A thorough inspection of the abdominal cavity is carried out in 
order to detect any previously missed metastases. A cholecystectomy and hepatic 
hilum dissection are then performed. The right and left hepatic arteries, as well as 
the arteries for segment 4, were dissected and identified. The common bile duct 
was dissected. The left or right portal vein is ligated. When the tumor is located on 
the right hemi-liver with involvement of segment 4, the portal branch for segment 
4 is ligated and divided. Full mobilization of the liver is obtained by sectioning the 
falciform, coronary, and right and left triangular ligaments of the liver. The right 
or left hepatic vein of the liver to be resected is dissected and encircled with a vessel 
loop, as seen in Figure 1. An intraoperative ultrasound is performed to verify a 
tumor-free parenchymal transection line. 

The liver parenchyma is transected using combined ultrasonic energy 
(Ultracision®), monopolar and bipolar electrocautery, and ligation of the blood 
vessels and bile ducts. Biologic fibrin sealant can be used in both surfaces of the 
spitted liver. Closed drainage is placed in the liver hilum. We do not use any plastic 
film, mesh, or plastic bag to separate both surfaces of the liver. Metastases located in 
the future remnant liver (FRL) can be treated either by local resection or radiofre-
quency tumor ablation (RFA). 

During the second operation, the hepatic artery and the bile duct of the diseased 
liver are ligated and transected. A clamp is applied at the right or left hepatic vein, 
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Figure 1. 
Postoperative CT image of a patient who underwent portal vein ligation and staged hepatectomy: (a) treated 
liver metastases of the FRL, (b) metastases on liver to be resected, and (c) line of liver bipartition. 

and the vein is then transected. A 4–0 Prolene® running suture is applied to the 
stump of the hepatic vein. Liver segment 1 is usually preserved [46]. 

6. Timing for surgical approach 

When facing a situation of synchronous disease, with both primary tumor and 
hepatic metastases, the timing for surgical approach of the hepatic lesions is still a 
topic of discussion. 

The lesions can be accessed simultaneously in one procedure, or they can be 
treated with a staged resection. In the staged manner, there is the classic approach, 
which means accessing the primary tumor first; and there is the reverse approach, 
also known as liver-first approach. No difference has been shown by various stud-
ies, regardless of which method is used [50]. 

Therefore, the decision should be established on a case-by-case basis, con-
sidering the symptoms presented by the patient, location, size, and possible 
complications of each one such as bowel perforation, risk of liver failure, whether 
the patient underwent chemotherapy or not, performance status, and the surgeon 
expertise [17, 51]. 

7. Surgical resection 

The surgical approach of the mCRC in the liver can be performed through an 
anatomic resection or a nonanatomic/parenchymal-sparing resection (PSR). Since 
the type of resection has not been associated with significant differences in rates of 
positive margin, recurrence, or survival [50], and considering that the PSR pre-
serves greater hepatic reserve, recent studies are leaning toward the nonanatomic 
method, particularly when chemotherapy-induced liver injury is a concern [17]. 

Keeping in mind that recurrences after initial resection of mCRC can occur in 
up to 57% of cases and the most common site of recurrences is the liver [52] and 
considering that repeat liver resection in a second recurrence, with satisfactory 
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morbidity and perioperative mortality, has been associated with a 5-year survival 
up to 43% [38], the PSR becomes an even more attractive option. 

Considering the width of the resection margin, a 2017 meta-analysis reported 
that margins greater than 10 mm were related with superior 5-year OS [53]. Still, 
numerous retrospective studies revealed that less than 10 mm but negative margin 
is not related with poorer survival [54]. In a multicenter study of 551 patients, surgi-
cal margins were classified as positive or negative with 1–4, 5–9, and >10 mm of 
tumor-free parenchyma. The positive margins were associated with a greater risk of 
recurrence, and the width of negative margins did not affect survival, recurrence, 
or site of recurrences [54]. 

There is one situation where anatomic resection and/or a wider surgical margin 
(>10 mm) may be indicated which is before a RAS-mutated mCRC as it constitutes 
a more aggressive tumor biology group and has been associated with more positive 
margins and worse survival after surgery [55]. Others reported that even a wider 
resection margin might not be sufficient to overcome the aggressive tumor biology 
associated with a RAS mutation. In a study of 411 patients who underwent resec-
tion for mCRC at Johns Hopkins University, a 1–4-mm margin was associated with 
improved survival compared with a positive margin (<1 mm or R1) for wild-type 
KRAS tumors, with which a wider resection margin did not further improve sur-
vival. In KRAS-mutated tumors, however, negative margin status, which included a 
1-cm margin, did not improve survival [56]. 

8. Follow-up after resection 

According to the consensus-based guidelines from the National Comprehensive 
Cancer Network (NCCN), the recommendation is carcinoembryonic antigen 
(CEA) testing every 3–6 months for 2 years followed by every 6 months for 3 years; 
computed tomography (CT) of the chest/abdomen and pelvis every 3–6 months for 
2 years and then every 6–12 months up to a total of 5 years; colonoscopy in 1 year; 
if negative, repeat in 3 years and then every 5 years; and if advanced adenoma is 
found, repeat in 1 year [38]. 

An important point is that posttreatment follow-up should only be performed 
for those patients considered candidate for a second potentially curative surgical 
procedure [38]. 

9. Repeat resection for colorectal liver metastases 

Re-resection for recurrence of mCRC is a safe and viable option in properly 
selected patients. In order to prevent post-hepatectomy liver failure, sufficient 
future liver reserve is paramount, as well as no evidence of extrahepatic disease and 
good performance status [57–59]. 

Although randomized trials have not been conducted to prove benefit, several 
reported series have demonstrated perioperative mortality rates lower than 5%, and 
overall survival rates ranged from 20 to 43% at 2–5 years [57–59]. 

Patients with a relapse-free interval of longer than 1 year appear to have a more 
favorable outcome from re-resection. Factors associated with a poor outcome 
include synchronous resection for the first liver metastases and the presence of 
multiple lesions at second hepatectomy [60, 61]. 

Interestingly, recurrences at the margin are uncommon [62, 63]. Some studies 
have reported 5-year overall survival rates after re-resection of 33–73% with no 
perioperative mortality [64, 65]. 
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10. Conclusion 

It is known that the majority of metastatic CRC liver disease will be potentially 
resectable at the time of diagnosis. Considering that hepatic resection is the only 
curative option for these patients, the parameters of resectability have expanded 
through the years due to a wider knowledge of the disease, improving diagnostic 
techniques, new drugs, and technical surgical advances. It is safe to say that the 
treatment strategies have advanced rapidly enough to change dramatically the 
natural history of the mCRC. 

ALPPS has been recently introduced as an option to the treatment of mCRC. It 
has been shown to increase drastically the resection rates, with complications rates 
not different from standard two-staged hepatectomy. 

Several treatment options are available to treat patients with mCRC. It is impor-
tant to have in mind that the treatment approach must be established for each case. 
Not only the patient and anatomic factors are important, but also the tumor factors 
must be considered. Best results are obtained when the treatment approaches for 
individual patients are discussed within a multidisciplinary team (MDT) of experts, 
meeting regularly as a tumor board to review mCRC cases. 
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Chapter 8 

Cholangiocarcinoma 
Samuel Romeo Obiekwe, Nathaly Suzett De La Roca 

and Jean Saric 

Abstract 

Cholangiocarcinoma is a malignant disease of the biliary ductal system which 
consists of intrahepatic (periphery) 5–10% and extrahepatic, which is further 
divided into proximal (perihilar) 60–70% and distal 20–30%. The etiology of this 
grave disease is unknown although many causative factors, including infectious, 
congenital, and genetic factors, causing chronic inflammation, which results in 
dysplastic changes of the biliary epithelium and eventual malignancy, have been 
implicated. The prognosis is poor except when discovered early. The treatment of 
intrahepatic (CCA) is partial hepatectomy, while radical bile duct resection with or 
without hepatectomy or pancreaticoduodenectomy is considered for extrahepatic 
cancer. Liver transplantation is considered in advanced diseases, without extrahe-
patic lymph node involvement. Palliation including endoscopic drainage or surgical 
bypass which is an option for unresectable diseases. Adjuvant therapy in the form of 
chemotherapy, immunotherapy, and photodynamic therapy is a consideration in 
patients with advanced disease. Many advances have been made in the treatment of 
cholangiocarcinoma, and hopefully long-term survival may be improved. 

Keywords: bile duct cancer, etiology, treatment, resection, palliation, prognosis 

1. Introduction 

This grave illness was first described in 1840 by Durand-Fardel, as a malignant 
neoplasia arising from the epithelial cells of the extrahepatic and intrahepatic bile 
ducts, excluding the papilla of Vater and gallbladder. In 1965, Gerald Klatskin, a 
Yale University pathologist, described the adenocarcinoma of porta hepatis. Ade-
nocarcinoma of the bile duct epithelium or cholangiocarcinoma within the conflu-
ence of the right and left hepatic duct has since then been known as “Klatskin 
tumor.” The majority of this disease arises at the hepatic duct bifurcation. Surgical 
resection offers the only chance for cure of this disease. Unfortunately, many 
patients present with advanced locoregional and distant metastasis at the time of 
diagnosis, making palliative procedures aimed at biliary drainage with intent to 
prevent progressive liver failure and cholangitis, which is the only option for 
unresectable tumors [1–4]. 

Cholangiocarcinoma (CC) is classified into proximal, perihilar or Klatskin’s 
(60–70%), distal (20–30%), and intrahepatic or periphery (5–10%). They all have 
different pathophysiological, epidemiological, and clinical presentations. The most 
important modality of treatment for hilar cholangiocarcinoma is radical bile duct 
resection with partial hepatectomy and maintenance of bilioenteric continuity. For 
intrahepatic cholangiocarcinoma, partial hepatectomy is the treatment of choice, 
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whereas distal cholangiocarcinoma may require pancreaticoduodenectomy. Surgical 
outcome after resection for distal cholangiocarcinoma is superior to the rest. Some 
subset of highly selected patients with unresectable hilar cholangiocarcinoma 
(HCCA) or intrahepatic cholangiocarcinoma (ICCA) orthotopic liver transplanta-
tion (OLT) may be a viable option and has been reported to provide survival 
benefits [5, 6]. 

2. Incidence 

Statistics of autopsy report shows that the incidence of bile duct carcinoma is 
0.01–0.5%. In the United States, it is 1–100,000 per year, with 3000 new cases 
diagnosed yearly. Worldwide incidence is 0.5–2.0/100,000. Complete resection of 
early stage tumors can be curative. When the disease is unresectable, prognosis is 
generally poor with 1-year survival of 53% and 5-year survival of less than 5%. Bile 
duct cancer is rare in Western countries, resulting in less than 2% in all human 
cancers. It varies widely in different parts of the world. For example, in Thailand 
the incidence is 113/100,000 in men and 50/100,000 in women, whereas in France 
it is 1.7 and 0.5 per 100,000. In Australia, the incidence is low 0.2/100,000 in men 
and 0.1/100,000 in women. In the United States, studies have shown a decline from 
0.85 per 100,000 in 1995 to 0.58 per 100,000 in 2005. The frequency of bile duct 
cancer increases with age, the majority of these patients are above 65 years old, with 
peak incidence at seventh decade of life. Cholangiocarcinoma rarely occurs before 
the age of 40 except in patients with congenital bile duct cysts. The incidence is 
higher in men than women with a ratio of 1:(1.2–1.5). In the past three decades, 
most studies have shown a worldwide increase in the mortality from intrahepatic 
cholangiocarcinoma, whereas there is a decrease in mortality for extrahepatic and 
gallbladder cancer [7–9]. 

3. Causative factors 

The etiology of cholangiocarcinoma is unknown; however, several risk factors 
proven and unproven have been attributed as a causative factor for this grave 
illness. The cause of cholangiocarcinoma is associated with chronic biliary inflam-
mation; malignant transformation may occur in the background of chronic inflam-
mation and cholestasis. The production of some cytokines and reactive oxygen 
species may cause permanent damage to the DNA. 

4. Risk factors 

The established risk factors for cholangiocarcinoma include bile duct cysts, 
parasitic infection, primary sclerosing cholangitis (PSC), hepatolithiasis, and toxins. 
Other potential established risk factors include inflammatory bowel disease (IBD), 
hepatitis B and hepatitis C, liver cirrhosis, diabetes, obesity, alcohol, smoking, and 
host genetic polymorphisms. Thorotrast, a contrast medium which is no longer in 
use, although used between 1930 and 1960, was associated with several tumors 
including primary liver tumor, angiosarcomas, gallbladder carcinomas, and tumors 
of the extrahepatic bile duct. Several large studies from Japan, Germany, and Den-
mark showed that 45.6% of the patients exposed to Thorotrast developed liver 
cancer 15–20 years after exposure, compared to 0.3% of control. This is because 
biological half-life of Thorotrast is 400 years. As with other tumors, dietary 
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nitrosamines are also implicated [10, 11]. Primary sclerosing cholangitis, an auto-
immune disease that results in stricturing of extra- and intrahepatic bile ducts, is an 
established risk factor for CC. Chronic inflammation, proliferation of biliary epi-
thelium, production of endogenous bile mutagens, and bile stasis are postulated 
mechanisms of carcinogenesis. About 70% of patients with PSC also suffer from 
ulcerative colitis, but only a minority of patients with ulcerative colitis develops 
PSC, so that patients with ulcerative colitis who do not have symptoms of PSC may 
have increased risk of cholangiocarcinoma. It is interesting that surgical or medical 
treatment of ulcerative colitis does not decrease the risk of developing cholangio-
carcinoma in patients with ulcerative colitis [12]. Hepatobiliary flukes Opisthorchis 
viverrini (O. vivverini) and Clonorchis sinensis (C. sinensis) are associated with 
cholangiocarcinoma irrespective of site, especially in Southeast Asia. They are 
trematodes that inhabit in the bile ducts, occasionally the gallbladder, and the 
pancreatic duct of mammals. Infestation of humans occurs via ingestion of raw, 
pickled, or undercooked fish. Both parasites increase the susceptibility of 
cholangiocytes to carcinogens causing chronic irritation and inflammation. Typhoid 
organisms have been implicated in patients with cholangiocarcinoma, as well as 
chronic recurrent pyogenic bacterial cholangitis [13, 14]. 

Hepatolithiasis are stone or gravel located in the intrahepatic biliary tree. 
Hepatolithiasis is rare in the Western Hemisphere but more common in Southeast 
Asia notably in Taiwan. These parasitic infestations, such as Clonorchis sinensis and 
Ascaris lumbricoides, have been implicated in most patients with hepatolithiasis. 
Because it is common in Asian countries, it is considered an important risk factor 
for cholangiocarcinoma. The relationship between hepatolithiasis and cholangio-
carcinoma is not well established in the Western Hemisphere, except an Italian 
study which showed a significant association between hepatolithiasis and ICCA 
[15, 16]. Patients with congenital biliary disease have an increased risk of develop-
ing CC, compared to general population. The risk is highest in patients who did not 
undergo surgical treatment, who have complete cysts excision before the age of 20, 
and in those treated with cyst drainage alone, instead of complete cysts excision. 
There are different types of bile duct cysts, such as extrahepatic biliary cysts and 
intrahepatic biliary cysts. The etiology of cancer in patients with biliary cysts is as a 
result of chronic irritation from the reflux of pancreatic enzymes, cholestasis, and 
damaging effect of bile acids to biliary epithelium, resulting in the formation of 
malignant cells in patients with bile duct cysts. The average age of cancer formation 
is around 32, which is younger than the age of presentation of CC in the general 
population. The risk of malignancy decreases in patients undergoing complete 
choledochal cyst excision; surprisingly, these patients are still at an increased risk of 
developing CC than the general population. Patients with an anomalous pancreati-
cobiliary ductal junction (APBDJ) have a higher incidence of developing bile duct 
cancer. Ohta showed dysplastic mucosa in this group of patients [17–22]. 

Tocchi et al. did a retrospective review in patients with biliary-enteric drainage 
for benign disease and found a high incidence of CC in this population, 5.8% in 
those who underwent transduodenal sphincteroplasty, 7.6% in choledochoduo-
denostomy patients, and 1.9% in patients who had undergone hepaticoje-
junostomy [23]. 

Bile duct adenomas and multiple biliary papillomatosis have been shown to 
have malignant transformation potential [24, 25]. Hepatitis C (HCV), hepatitis B 
(HBV), and liver cirrhosis, regardless of etiology, have been shown as a risk factor 
for ICCA [26]. 

There is an association between hepatitis C and cholangiocarcinoma in the 
United States as reported in Japan. This association is not well studied, but cirrhosis 
is implicated here [27]. Some studies from the Western countries, such as Denmark, 
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examined a large population of patients with liver cirrhosis over a mean follow-up 
period of 6 years and showed an increase risk of cholangiocarcinoma in patients 
with cirrhosis than general population. An Italian study also demonstrated an asso-
ciation between HCV and ICCA [16, 28]. As mentioned above, the Japanese study 
showed an association between hepatitis C and cholangiocarcinoma. This is not 
represented in the study from Korea and Thailand, where the association of hepati-
tis B and cholangiocarcinoma was shown because of the endemicity of hepatitis B in 
both countries [26]. 

The association between diabetes, heavy alcohol drinking, smoking, and 
cholangiocarcinoma is not well established. Although some studies have shown a 
relationship between heavy alcohol drinking and cholangiocarcinoma, the risk fac-
tor may still be related to the presence of cirrhosis as a result of heavy alcohol 
drinking [16, 29, 30]. 

4.1 Genetic implications 

Genetic studies showed that polymorphism in genes, which codes for enzymes 
implicated in the metabolism of carcinogens, DNA repair, and inflammation, can be 
either pro-carcinogenic or anticarcinogenic. Mutations in oncogenes such as tumor-
suppressing genes, p53, APC, and Bcl-2, have been found in biliary duct tumors, 
which include amplification and overexpression of c-erbB-2 seen in cancers of the 
biliary tract. Mutations in K-ras, c-myc, c-neu, c-erbB-2, and c-met oncogenes have 
also been implicated, although mutations of RAS and TP53 genes are the most 
common abnormalities identified. Studies have shown that intrahepatic cholangio-
carcinoma expresses CK7, CK19, and BerEP4 with cytoplasmic staining for CEA, 
unlike hepatocellular carcinoma. HER2/neu overexpression and high Ki-67 prolif-
eration index are seen frequently in patients with nodal metastasis, as well as 
patients with reduced immunoexpression of E-cadherin. The suppressor p53 pro-
tein is involved in transcription, DNA repair, cell cycling, and genomic integrity. 
Three types of mechanisms of p16 inactivation have been reported in biliary neo-
plasms: deletion and point mutations of the p16INK4A gene and hypermethylation 
of 50 regulatory regions of p16INK4A. It appears that the vascular endothelium 
growth factor expression is more in patients with extrahepatic cholangiocarcinoma 
[31–37]. 

4.2 Clinical presentation 

Patients with hilar CC present with progressive obstructive jaundice earlier 
because of the location of the bile duct confluence; jaundice occurs even when the 
tumor is comparably small. Symptoms include malaise, weight loss, anorexia, nau-
sea, vomiting, pruritus, and right upper quadrant pain. In patients with hilar CC, 
intrahepatic bile ducts are dilated, the gallbladder is usually not palpable, and the 
common duct is often collapsed on cholangiogram or ultrasound. In contrast, 
patients with carcinoma in the distal common bile duct or cystic duct present 
usually with a distended gallbladder and significant dilatation of the proximal bile 
duct system. 

The symptoms are often obscure and many times ignored, making it difficult for 
early detection. As the tumor grows and obstructs the common hepatic duct and 
biliary confluence, jaundice gradually develops. Most patients with hilar cholangio-
carcinoma seek medical advice because of progressive painless jaundice, accompa-
nied with pruritus with multiple skin excoriations, clay-colored stool, and dark 
urine. Only patients with acute cholangitis present with fever, and this is seen only 
in 10% of the cases. On physical examination the liver is enlarged and firm. The 

122 



Cholangiocarcinoma 
DOI: http://dx.doi.org/10.5772/intechopen.81326 

gallbladder is usually impalpable, except in cases of distal biliary obstruction unlike 
hepatic biliary confluence obstruction where the gallbladder is not palpable [38, 39, 97]. 

4.3 Differential diagnosis 

Biliary tumors are accompanied with painless jaundice which is suggestive of 
biliary obstruction. Although in the clinical findings, laboratory values such as 
tumor markers are non-specific and cannot specifically identify the exact cause of 
the stricture, differentiating extrahepatic biliary tumor from other causes of 
obstructive jaundice is important since the treatment is different. 

4.4 Benign and malignant lesions masquerading as cholangiocarcinoma 

Because of the close anatomic relationship of the biliary confluence to the gall-
bladder, carcinoma of the gallbladder may in some cases involve the hepatic hilum. 
Systemic dissemination of malignant melanoma can involve the biliary tract mim-
icking bile duct tumor. Neuroendocrine tumors can also involve the biliary tree. 
Lymph node metastatic cancers of the GI tract can also invade the bile duct as well 
as primary hematolymphoid malignancies which can affect the hepatic hilum [40–56]. 
Other legions include primary sclerosing cholangitis, secondary sclerosing cholangitis 
syndromes (portal biliopathy and AIDS cholangiopathy), inflammatory pseudotumor 
(autoimmune pancreatocholangitis), recurrent pyogenic cholangitis, Mirizzi syn-
drome (Type I–IV), biliary adenomas, hepatobiliary sarcoidosis, xanthogranu-
lomatous cholecystitis and cholangitis, chemotherapy-induced sclerosing cholangitis 
[40–56]. 

5. Pathology 

5.1 Gross appearance 

Macroscopic appearance of CC of the extrahepatic bile ducts can be grouped into 
three types, sclerosing/scirrhous, nodular, or papillary. Sclerosing/scirrhous tumors 
are the most common. They may also be a combination “nodular sclerosing.” Pap-
illary variant accounts for 10% of all CC, most commonly seen in the distal bile duct 
but may also be present in hilus [57]. 

5.2 Pre-malignant lesions 

Biliary adenoma: Although these are benign tumors, a small proportion may 
progress to carcinoma. Papillomatosis: Because of its multicentricity, it has a greater 
malignant potential and, whenever it is encountered, complete excision. Although 
difficult it is highly recommended. 

Biliary cyst adenoma: Dysplastic changes leading to malignant transformation 
can occur with cysto-adenocarcinoma [24, 25]. 

5.3 Variants 

Adenocarcinoma is the most common accounting for 90%, about two-third of all 
such tumors; it shows some focal intestinal differentiation with goblet and neuroen-
docrine cells. Variants include intestinal type, papillary adenocarcinoma, and mucin-
ous adenocarcinoma. Overall, papillary adenocarcinoma has better prognosis even 
with lymph node metastasis. The mucinous adenocarcinoma produces an abundance 
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of mucin secretion. Perineural and neural invasion is common. Clear cell carcinoma, 
hepatic carcinoma, and signet ring carcinoma are all variants of cholangiocarcinoma. 
Carcinosarcoma can be differentiated from squamous carcinoma because of the pres-
ence of spindle cell in the sarcoma variant. Some of these tumors can be keratinizing, 
while others are not. Small-cell carcinomas are endocrine tumors with varying degrees 
of differentiation; synaptophysin and chromogranin are necessary to confirm their 
endocrine nature [57]. 

6. Staging 

In accordance with the American Joint Committee on Cancer (AJCC), the stag-
ing of extrahepatic cholangiocarcinoma is based on the extent of the primary tumor 
(T stage), extent of regional lymph node involvement (N stage), and presence of 
distant metastasis (M stage) (Table 1). An alternative to staging system proposed 
by Bismuth and Corlette classifies cholangiocarcinoma, based on the location of the 
tumor with respect to the hilum and on the extent of ductal involvement (Figure 1). 
AJCC staging is based largely on pathologic criteria and has little clinical signifi-
cance since most patients present with T3 (stage IVA) tumors based on invasion of 
the liver. This neither says much about its resectability nor does it correlate with 
survival. In the AJCC system, patients with involved N1 and N2 lymph nodes are 

Anatomic stage/prognostic groups 

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage II T2a-b N0 M0 

Stage IIIA T3 N0 M0 

Stage IIIB T1-3 N1 M0 

Stage IVA T4 N0-1 M0 

Stage IVB AnyT N2 M0 

AnyT Any N M1 

Primary tumor (T) 

TX Primary tumor cannot be assessed 

T0 No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor confined to the bile duct, with extension up to the bile duct, with extension up to 
the muscle layer or fibrous tissue 

T2a Tumor invades beyond the wall of the bile duct to surrounding adipose tissue 

T2b Tumor invades adjacent hepatic parenchyma 

T3 Tumor invades unilateral branches of the portal vein or hepatic artery 

T4 Tumor invades main portal vein or its branches bilaterally or the common hepatic artery or 
the second-order biliary radicals bilaterally or unilateral second-order biliary radicals with 
contralateral portal vein or hepatic artery involvement 

Primary tumor (T) 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 
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N1 Regional lymph node metastasis (including nodes along the cystic duct, common bile duct, 
hepatic artery, and portal vein) 

N2 Metastasis to periaortic, pericaval, superior mesenteric artery, and celiac artery lymph 
nodes 

Distant metastasis (M) 

M0 No distant metastasis 

M1 Distant metastasis 

Table 1. 
American Joint Committee on Cancer Seventh edition TNM staging for perihilar bile duct cancer. Anatomic 
stage/prognostic groups 

Figure 1. 
Original Bismuth-Corlette classification. 

inappropriately staged the same, since patients with metastatic disease to N2 lymph 
nodes (celiac, periduodenal, or retroperitoneal) are not candidates for resection and 
should be considered to have M1 disease. The Bismuth-Corlette system is more 
clinically relevant if not too simplified, but it also correlates poorly with resectabil-
ity and survival. The Japanese Society of Biliary Surgery (Table 2) established a 
separate pathological staging system. In this system, the T classification is meticu-
lously divided into categories of invasion because of its histological landmarks such 
as mucosa, serosa, and subserosa and its depth of invasion to adjacent structures 
such as the liver or pancreas which is classified into less than 5 mm, between 5 and 
20 mm, and greater than 20 mm. Vascular invasion is distinguished between portal 
and hepatic artery, with each type having three depths (adventitial, tunica medial, 
and tunica intimal with stenosis or obstruction) numbered 1–3, respectively. This 
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pT classification 

pT Contents 

pT1 m, fm, hinf0, panc0, pv0, a0 

pT2 ss, hinf1, panc1, pv0, a0 

pT3 se, hinf2, panc2, pv1, a1 

pT4 si, hinf3, panc3, pv2, pv3, a2, a3 

Lymph node grouping 

Lymph node (site number) Group 

Hilar and proximal Middle Distal 

Infrapyloric LN (6) pN3 pN3 pN3 

LN around the common hepatic artery pN2 pN2 pN2 
(8) 

LN at the splenic hilum (10) pN3 pN3 pN3 

LN along the splenic artery (11) pN3 pN3 pN3 

LN at the hepatic hilum (12 h) pN1 pN2 pN2 

LN along the hepatic artery (12a) pN1 pN2 pN2 

Periportal LN (12p) pN1 pN2 pN2 

Pericholedochal LN (12b) pN1 pN1 pN1 

LN around the cystic duct (12c) pN1 pN1 pN1 

Posterior superior pN2 pN2 pN2 
pancreaticoduodenal LN (13a) 

Posterior inferior pancreaticoduodenal pN3 pN3 pN3 
LN (13b) 

LN along the superior mesenteric pN3 pN3 pN2 
artery (14) 

Para-aortic LN (16) pN3 pN3 pN3 

Anterior superior pancreaticoduodenal pN3 pN3 pN3 
LN (17a) 

Anterior inferior pancreaticoduodenal pN3 pN3 pN3 
LN (17b) 

Stage grouping H(˜) and P(˜) and H(+) and/or 
M(˜) P(+) 

and/or 

pN0 pN1 pN2 pN3 M(+) and any 
N 

pT1 I II III IVa IVb 

pT2 II III III IVa IVb 

pT3 III III IVa IVb IVb 

pT4 IVa IVa IVb IVb IVb 

Table 2. 
Japanese Society of Biliary Surgery classification for cholangiocarcinoma. 

classification is not popular outside of Japan due to its lack of complexity and 
authenticity. The Bismuth-Corlette system has since then modified its classifica-
tions (Figure 2) from its original: Type I, non-obstructed primary confluence; Type 
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Figure 2. 
Modified Bismuth-Corlette classification. Type I, tumor entirely below the confluence; Type II, tumors affecting the 
confluence; Type III, tumors occluding the confluence extending to the first-order right (IIIa) or left (IIIb) 
intrahepatic ducts; Type IV, involving both hepatic ducts or are multicentric. 

II, obstruction limited to primary confluence; Type III, primary confluence with 
extension to the right or left secondary confluence; and Type IV, extension involv-
ing bilateral biliary ductal systems. 

6.1 Bismuth-Corlette classification 

None of the current staging systems takes into account local factors such as 
vascular invasion and hepatic lobar atrophy, which are important determinants for 
resectability and surgical outcome. 

The TNM system can only be determined postoperatively and on final patho-
logical specimen. A modified preoperative T staging was proposed by Jarnagin/ 
Blumgart (Table 3). In this staging, the nodal and distal metastases are not consid-
ered. Going from T1 to T3, the nodal and distal metastasis increases. In their series, 
resectability was 59% with T1 and 0% with T3. Negative resection margin, con-
comitant hepatic resection, and well-differentiated tumor are independent predic-
tors of long-term survival. With the Jarnigan/Blumgart system, a more in-depth 
framework was utilized to base preoperative decisions by predicting not only 
resectability but also the likelihood of R0 resection and subsequent survival. 

Stage Criteria 

T1 Tumor involving biliary confluence ˜ unilateral extension to second-order biliary radicles 

T2 Tumor involving biliary confluence ˜ unilateral extension to second-order biliary and 
ipsilateral portal vein involvement ˜ ipsilateral hepatic atrophy 

T3 Tumor involving biliary confluence ˜ bilateral extension to second-order biliary radicles or 
unilateral extension to second-order biliary radicles with contralateral portal vein involvement 
or unilateral extension to second-order biliary radicles with contralateral hepatic lobar atrophy 
or main or bilateral portal venous involvement 

Table 3. 
Blumgart preoperative T staging system 
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7. Investigation and diagnosis 

7.1 Evaluation of liver functional status 

Liver function test and Child-Pugh score (MELD score). 
Radiological: computer tomography volumetric analysis, hepatic steatosis mea-

surement. 
Some centers have taken into consideration the bioenergetics which includes the 

redox state of hepatocyte mitochondrial by quantifying the amount of ketone bod-
ies in the serum of the patient, as well as the measurement of cellular energy 
charge through the measurement of AMP, ADP, ATP which can correlate with the 
phosphorylation ability of the hepatocytes. An abnormal functioning hepatocyte 
will have an alteration in energy level. Another emmerging technique is the mag-
netic resonance spectroscopy which is an in vivo non-invasive measurement of 
intracellular metabolism in relationship to phosphorylation. Other tests, such as 
dynamic studies (clearance tests, e.g., indocyanine green, aminopyrine, 
MEGX, hexose sugar handling capacity, hepatic scintigraphy, and portal vein 
embolization) [58]. 

7.2 Role of tumor markers 

There seems to be no specific screening for Cholangiocarcinoma that is effective 
accept the laboratory values which may indicate obstructive cholestasis with 
hyper bilirubinemia and elevated alkaline phosphatase. The levels of CA 19-19, 
CEA, and CA-125 may be elevated, but only CA 19-9 is sensitive and specific 79% 
and 98% at the cut off value of 129 units/ml. Tumor markers are helpful when used 
together with other diagnostic tests. CA 19-9, CEA, and CA-125, may be elevated 
in patients with cholangiocarcinoma. CA 19-9 is less sensitive in patients with PSC, 
53% at a cut off of greater than 100 units/L and usually would be undetectable in 
some patients lacking blood type Lewis antigen who usually do not produce CA 
19-9. Patients lacking blood-type Lewis antigen (10%) do not produce CA 19-9. 
CA 19-9 are non-specific because they are also elevated in other gastrointestinal 
tumors. CEA alone has a low sensitivity and specificity for the diagnosis of 
cholangiocarcinoma. Siquiera and his associates demonstrated in their study that 
CEA > 5.2 ng/mL in combination with CA 19-9 > 180 U/ml had a sensitivity of 
100% and a specificity of 78.4% for the detection of cholangiocarcinoma in patients 
with PSC. 

However, Patel et al. compared the levels of CA 19-9 in 36 patients with cholangio-
carcinoma without PSC. They found a cutoff value of CA 19-9 > 100 units/ml with a 
sensitivity of 53% for the diagnosis of cholangiocarcinoma and a true negative rate of 
76% for nonmalignant liver diseases and 92% for benign biliary stricture. All the 
studies show, in patients with PSC, CA 19-9 has a cutoff value of >100 U/ml and 
a sensitivity of 75–89% while a specificity of 80–86% for the detection of 
cholangiocarcinoma. Newer markers, such as the human mucin subtypes A and C 
(mucin-5 AC), trypsinogen, and soluble fragment of cytokeratin 19, are currently 
being investigated, although Bamrungphon et al. reported that mucin-5 AC at a cutoff 
value of 0.074 had a sensitivity of 71% and a specificity of 90% for the diagnosis of CC. 
In another study of tumor stage resectability, CA 19-9 and CEA levels increased 
significantly with rising tumor stages. Patients with preoperative serum levels of CA 
19-9 (> 1000 U/ml) and CEA (>14.4 ng/ml) showed a significant poorer resectability 
rate [59, 60]. 
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8. Imaging 

The most commonly used imaging modalities are ultrasound, CT scan, MRI/ 
MRCP, direct cholangiogram, and PET scan. 

Ultrasound usually shows dilatation of the biliary tree either intra- or extrahe-
patic biliary tree. Distal obstruction is associated with both extra- and intrahepatic 
dilatation, whereas proximal obstruction is associated with intrahepatic dilatation. 
It can show the extent of the tumor involvement as well as encroachment to the 
portal vein. Contrast-enhanced ultrasound is currently being used in the diagnosis 
of hilar cholangiocarcinoma. Endoscopic ultrasound is valuable in assessing patients 
with cholangiocarcinoma and its involvement with neighboring structures, espe-
cially the middle and distal part of the bile duct, but it cannot distinguish between 
benign and malignant lesions [61, 62]. CT scan with intravenous contrast scanning 
plays an important role in the diagnosis and staging of hilar cholangiocarcinoma, 
since it can provide information regarding the location of biliary obstruction, tumor 
extension, vascular invasion, hepatic lobar atrophy, lymph node involvement, dis-
tant metastases, and encroachment of the portal vein. It is even more accurate when 
high-resolution multidetector-row CT scanners are used [63]. The combination of 
MRI with MRCP is another effective imaging modality for staging of hilar 
cholangiocarcinoma. Like CT scanning, MRI provides reliable information regard-
ing the level of biliary obstruction, vascular invasion, hepatic lobar atrophy, lymph 
node involvement, as well as distant metastases. Unlike PTC, MRCP is not invasive. 
It has an accuracy of 72–83% [64, 65]. ERCP and PTC involve injection of contrast 
into the biliary tree. They are commonly used in the preoperative diagnosis. It is 
unreliable in patients with complete bile duct obstruction. It seems to be a simple 
procedure but could be met with some complications, which include bile leakage, 
cholangitis, bleeding, pancreatitis, and duodenal perforation. Mortality rate ranges 
between 0.6 and 5.6%. Because of its limitation it has been replaced with MRCP 
[64]. FDG-PET is not superior to conventional triple-phase CT scanning in the 
detection of primary lesion of hilar cholangiocarcinoma. However, it is more accu-
rate than conventional CT scan in detecting distant metastases with a sensitivity 
between 56 and 100% and a specificity of 88% [66]. 

9. Tissue analysis 

Endoscopic-guided fine-needle aspiration is useful when the results of brush 
cytology and forceps biopsy are inconclusive; EUS-guided FNA can be done. Its 
negative predictive value is 29%, which means that a negative EUS-guided FNA 
does not necessarily exclude the possibility of hilar CC [62]. 

Although the diagnosis of hilar cholangiocarcinoma is primarily based on imag-
ing, it has its limitation because of its inability to differentiate between benign and 
malignant strictures. Brush cytology and forceps biopsy via ERCP or PTC are the 
most frequently used modality for pathological diagnosis. With brush cytology most 
of the time the tissue obtained may not be sufficient to make a good pathological 
assessment because the tumor may be hidden within fibrous stroma allowing for a 
lower sensitivity as opposed to forceps biopsy [67]. The FISH assay can identify 
malignant cells by its fluorescent probes as well as detecting abnormal chromo-
somes in the biliary cells obtained by brush cytology. It is a very advanced tech-
nique and when complemented with DIA which identifies malignant cells by the 
use of special stains that quantify nuclear DNA as well as demonstrate aneuploidy 
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are both promising [68]. The exfoliative cells found in the bile can further be 
analyzed in the contest of its DNA methylation status, thereby demonstrating 
evidence of malignancy in patients with equivocal findings, such as biliary stricture. 
The most well studied are P16 and APC gene [69]. 

10. Treatment of cholangiocarcinoma 

Only surgical excision of all detectable tumors is associated with an improve-
ment in 5-year survival. However, surgery can only cure a minority of patients, with 
a 20–30% 5-year survival for distal lesion and a 9–18% 5-year survival for proximal 
lesions. The management of patients with CC should be a multidisciplinary 
approach. Patients’ general physical condition must be assessed, including pulmo-
nary and cardiovascular function, nutritional, extent of cholestasis, and a proper 
assessment of resectability as well as future liver remnant. Preoperative staging 
must have been done and resectability is assessed. The following criteria would 
suggest an irresectable tumor: involvement of bilateral second-order intrahepatic or 
extra hepatic ducts, or multifocal tumor on cholangiography, extensive involve-
ment of the main portal vein, involvement of major vessels or ducts on the contra-
lateral side of the liver, liver atrophy, and nodal metastasis to N2 lymph nodes 
(peripancreatic, periduodenal, celiac, superior mesenteric, or posterior pancreati-
coduodenal lymph nodes). Lymph node involvement and peritoneal seeding may be 
difficult to detect preoperatively. In this case, laparoscopy and laparoscopic ultra-
sound offer additional benefit. Laparoscopy includes likelihood of visualizing small 
metastatic tumor deposits on the surface of the liver and peritoneum, which would 
otherwise go undetected. Laparoscopic staging avoids extensive preparation for 
inoperable patients. Cytological analysis of peritoneal washings can be done during 
laparoscopy. 

11. Is there a role of preoperative optimization of the liver prior 
to surgical resection? 

Jaundice is usually the presenting symptom in patients with hilar cholangio-
carcinoma, even when the tumor is small. Complete tumor clearance may require 
extensive liver resection to obtain long-term survival. Having said that, extensive 
liver resection has a mortality rate of up to 20% and morbidity rates of up to 67%. 
Parenchymal transection in a jaundice and cholestatic liver may result in increased 
bleeding, biliary fistula, sepsis, and impaired liver regeneration. In attempting to 
improve preoperative outcome, many centers have advocated preoperative biliary 
drainage and ipsilateral portal vein embolization of the hemiliver to be resected, to 
improve the future of the liver remnant. In a recent French national study, serum 
bilirubin was found to be correlated with mortality, which ranged from 9 to 27% 
when serum bilirubin was more than 300 units (French International Value). The 
choice of the route for biliary drainage is controversial. Endoscopic approach is 
often difficult in patients with complete obstruction, especially when the left duct 
requires drainage. Percutaneous transbiliary drainage can be done either unilateral 
or bilateral. But most centers prefer a unilateral PTBD on the side of the future liver 
remnant. It takes about 4–6 weeks prior to surgery and normalization of serum 
bilirubin. Note that preoperative biliary drainage resulted in an increase of postop-
erative infectious complication rates [70, 71]. Although there is no randomized 
study to show the benefit of portal vein embolization in hilar cholangiocarcinoma, 
some people argue in favor of PVE, especially when extended right lobe resection 
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and vascular reconstruction are anticipated since resection of more than 60% of the 
total liver volume may result in postoperative liver failure [72]. 

12. Surgical treatment 

It is important to determine whether an R0 resection is achievable. Is the future 
liver remnant sufficient for patient survival? Is there distant metastasis and involve-
ment of level 3 lymph nodes, celiac, SMA, and aortocaval, which precludes curative 
resection [73, 74]? In the last 20 years, extended liver and bile duct resection has 
become the standard of care for hilar cholangiocarcinoma. In general, a remnant 
liver consistent of 20–30% of the total liver mass is sufficient to prevent liver failure 
following resection as long as this remaining portion is not compromised. To 
accomplish this, it might be necessary to employ volumetric studies performed by 
radiologists of the total and future remnant liver. Some centers advocate the use of 
(ICG) 15-min retention rate and ICG clearance (K-value). 

Peritoneal carcinomatosis and small intrahepatic metastasis are often not 
detectable by conventional preoperative investigations. This has motivated the use 
of staging laparoscopy and an analysis of peritoneal washing for patients with 
HCCA [75]. 

12.1 Is there a role of local resection in biliary cholangiocarcinoma? 

Local resection is not an adequate curative operation for HCCA, except perhaps 
for small papillary Klatskin tumor without bile duct confluence involvement (Type 
I Bismuth-Corlette classification, TIs and T1 AJCC staging) [76]. 

The goal of the surgical principle in the management of HCCA is to accomplish a 
RO resection, not only cancer-free proximal and distal margin but also cancer-free 
margins around the hepatoduodenal ligament. Patients should undergo a thorough 
surgical exploration, especially if they have no preoperative signs of metastasis or 
locally unresectable disease, because despite the selectivity and specificity of ultraso-
nography, CT scan, and MRI, almost 45% of patients who are explored are found to 
have peritoneal tumor seedings, lymph node involvement, liver metastasis, or 
advanced disease, all of which preclude resection. These patients may benefit with 
biliary bypass and cholecystectomy to prevent future occurrence of acute cholecystitis. 

At laparotomy, a generous Kocher maneuver is performed to mobilize the pan-
creatic head. During this procedure, hepatoduodenal ligament, retropancreatic and 
celiac arteries are also exposed. Distal bile duct is isolated and resected at its 
intrapancreatic portion. Distal margin should be submitted for intraoperative 
frozen section examination. If the frozen section is negative, the distal stump is 
closed. If the distal margin is positive for cancer, then a concomitant pancreatico-
duodenectomy is indicated. This applies to resectable tumors. For unresectable 
perihilar malignant lesions, Roux-en-Y choledocojejunostomy to either segment II 
or III bile ducts or the right hepatic duct can be performed. 

For curative lesions, the location and local tumor involvement determine the 
extent of resection. Perihilar tumors involving the bifurcation or above the common 
hepatic duct (BC Type I or II) without any vascular involvement may be a candidate 
for local resection with portal lymphadenectomy, cholecystectomy, common bile 
duct excision, and bilateral Roux-en-Y hepaticojejunostomy. For lesions involving 
the right or left duct (Bismuth-Corlette IIIa and IIIb), right or left hepatic lobec-
tomy can be performed. Distal bile duct tumors are frequently resectable, and if 
resectable they are treated with pylorus-preserving pancreatoduodenectomy, 
whereas in unresectable distal bile duct tumors, Roux-en-Y hepaticojejunostomy, 
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cholecystectomy, and gastrojejunostomy should be performed to prevent gastric 
outlet obstruction as the tumor progresses. The principal caudate lobe duct drains 
into the left hepatic duct. Tumors extending into the left hepatic duct almost always 
involve the caudate duct and will usually necessitate caudate resection. Also, a 
dilated caudate duct may be suggestive of tumor involvement. The lobe is involved 
by HCCA in 40–98% of patients. Retrospective studies have shown a decrease in 
local recurrence and improvement in 5-year survival with concomitant caudate 
resection. Tsao et al. stated that combining hilar resection and partial hepatectomy 
with complete caudate lobe resection can be performed safely. Others consider 
removing the caudate lobe, only when the left hepatic duct is involved. 

Depending on the level of ductal involvement with surrounding structures the 
following procedures can be performed: 

Left or right hepatectomy with caudate lobectomy is performed for tumor 
involving the left or right secondary biliary duct. Resection of the caudate lobe along 
with left or right hepatectomy or sectionectomy is no more controversial in our 
center. We recommend mandatory caudectomy irrespective of the type of procedure 
to be carried on. Extended left or right hepatectomy with caudate lobectomy can be 
considered depending on the extent of biliary and parenchymal involvement. For B/ 
C, Type IV tumors which involve bilateral secondary biliary radicles are considered 
unresectable. These patients are candidates for palliative treatment or liver trans-
plantations. In various series of Klatskin tumors, portal vein involvement has been 
found in 16–22% of patients. In addition, its propensity to spread along the bile duct 
and nerves, that accompany the hepatic and celiac arteries, as well as its direct spread 
to lymph nodes (53%) and adjacent liver parenchyma, has made it difficult to achieve 
an R0 resection with removal of the duct alone [73]. 

Central hepatectomy is indicated for tumors located at the confluence of the 
three segments deep within the liver substance in patients with good hepatic 
reserve. This involves removal of segment 4a, 4b, 5, and 8 [77, 78]. 

Ex situ ex vivo autotransplantation. This highly skilled bench surgery which 
involves total hepatectomy under hypothermic perfusion and complex reconstruc-
tion and reimplantation should only be attempted in experienced centers on care-
fully selected patients [79]. Bilioenteric continuity is essential to restore the 
continuity of bilioenteric flow. Mucosal to mucosal anastomosis is made between a 
Roux-en-Y loop of jejunum. 

The role of lymphadenectomy in the staging is important, but its role in treat-
ment is debatable. Although earlier studies showed its advantage, clinical evidence 
of the survival benefits of lymphadenectomy during extended resection remains 
low [80, 81]. Portal vein resection can be done in cases where the tumor is adherent 
to the portal vein. It is evident that combined portal vein resection offers improved 
survival when compared to no resection or a resection with positive margins. Portal 
vein resection for HCCA in experienced hands is not debatable and can be done, 
and sometimes the resected portal vein is replaced with autologous vein or interpo-
sition graft. However, hepatic artery involvement by the tumor previously was 
considered contraindication to resection but recently, some centers are resecting 
and reconstructing the hepatic artery for tumors involving secondary biliary 
radicles and hepatic artery. Hepatic artery reconstruction is an evolving technique, 
in which more studies must be done before it becomes a standard [82, 83]. 

12.2 Transplantation 

Surgical R0 resection is clearly the definitive choice for patients with HCCA/ 
ICCA and should be considered in all patients who are surgical candidates 
presenting with resectable tumors. Earlier studies of long-term survival outcome 
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with the radical resection of early stage hilar tumor report a 5-year survival rate of 
34%; the outcome for CCA with aggressive features such as tumor size more than 
2 cm multifocality remains poor because of limitation of resection as treatment 
modality in achieving clear margins. For ICCA, the 5-year survival rate with nega-
tive surgical margins approached 31%; there are no survivors with residual disease. 
The median time for recurrence ranges from 9 to 20 months, with the most com-
mon site being the liver remnant, occurring in 38–70% of cases and metastasis to 
the regional lymph node, lung, and bones. Unfortunately many HCCA and ICCA 
tumors are considered unresectable because of tumor extension to the hepatic 
parenchyma, major hepatic artery, and vein of both right and left hemilivers and 
metastasis to regional lymph nodes. Considering these circumstances for locally 
advanced HCCA/ICCA in the absence of distant metastasis, a total hepatectomy 
followed with regional lymphadenectomy followed by orthotopic liver transplan-
tation offers a viable treatment option because it will address all relevant resection 
margins, as well as liver disease. Liver transplantation offers the advantage of 
removing all structures that may be involved by hilar cholangiocarcinoma includ-
ing portal vein, bilateral hepatic duct, atrophic liver lobes, and hepatic artery. Total 
hepatectomy will permit R0 resection for locally advanced tumors which are 
beyond the ordinary criteria for resection using partial hepatectomy. Unfortunately 
early reports of transplantation in patients with cholangiocarcinoma were not 
successful, the 5-year survival was 20–30%, and it was considered a relative con-
traindication to liver transplantation. It was not until the group from the Mayo 
Clinic developed a protocol with the intent of treating a highly selected group of 
patients with CC. 

The inclusion criteria involves a strict selection of patients with early stage 
HCCA either deemed locally unresectable or arising in the setting of underlying 
PSC. Patients with HCCA were included only if there was no mass lesion below the 
level of the cystic duct. The upper limit of tumor size was 3 cm. When the mass was 
visible in cross-sectional imaging studies, and there must be no evidence of 
intrahepatic or extrahepatic metastasis by any imaging studies, the initial protocol 
excluded patients with intrahepatic CC or gallbladder cancer (Table 4). Surgical 
intervention and percutaneous biopsy were avoided to minimize percutaneous 
seeding; candidates must have no active infection or medical condition to preclude 
neoadjuvant therapy or liver transplantation. The candidates underwent endoscopic 
ultrasound-guided regional lymph node aspiration before neoadjuvant therapy. Any 
patient with positive lymph node metastases are disqualified from subsequent liver 
transplantation. In the Mayo Clinic protocol, patients received external beam 
radiotherapy and transcatheter radiation with iridium (Ir) 192 through a wire 
placed endoscopically. Systemic 5-FU is given during radiation followed by oral 
capecitabine after radiation until the day of surgery. Before transplantation all 

Variables Mayo Clinic UCLA 

Hilar CC Yes Yes 

Hilar CC size <3 cm <3 cm 

Intrahepatic CC No Yes 

Intrahepatic CC size — ≤8 cm 

Metastasis to hepatic parenchyma Absent Present or absent 

Metastasis to regional lymph node Absent Present or absent 

Metastasis to distant organ Absent Absent 

Table 4. 
Comparison of inclusion criteria for Mayo Clinic and UCLA treatment protocol of cholangiocarcinoma. 
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patients undergo a staging laparotomy, including a biopsy of at least one lymph 
node along the proper hepatic artery and another along the common bile duct, as 
well as any suspicious lymph node. Only those with negative lymph nodes will 
proceed with transplantation. The results of transplantation showed 1- and 5-year 
survival rates of 91 and 76%, respectively, and 5 year recurrence-free survival rate 
of 60%. Predictors for tumor recurrence in older patients include CA 19-9 levels 
over 100 units/mL on the day of transplantation, prior cholecystectomy, tumor 
grade, and residual greater than 2 cm, as well as perineural invasion in explant. A 
multicenter study showed a 2- and 5-year recurrence-free survival of 78 and 65%, 
respectively. There is a significant morbidity associated with this, such as 
cholangitis, intrahepatic abscess and sepsis, infection, and tumor necrosis from 
chemoradiation. The greatest concern is vascular complication after transplanta-
tion. The overall vascular complication rate after transplantation was 41%; 21% of 
patients developed hepatic arterial complications, whereas 20% experienced portal 
venous complications. To avoid using irradiated native hepatic artery, an infrarenal 
interposition arterial graft was routinely used to reconstruct arterial inflow in all 
deceased donor grafts, whereas the native hepatic artery was used in live donor 
grafts. Although the Mayo Clinic protocol has resulted in excellent long-term 
recurrence-free survival, proponents for expansion of OLT criteria argue that 
patient inclusion guideline restricted to hilar tumors based only on size may exclude 
patients with locally advanced hilar CC stage IIA, IIB, and III (AJCC). Despite 
absence of metastatic disease, Hong et al. have recently reported that survival 
benefits can also be achieved in patients with locally advanced CC (>3 cm in size, 
tumor extension to hepatic parenchyma, branches of portal vein or hepatic artery, 
presence of perineural and lymphovascular invasion). Using a neoadjuvant and 
adjuvant protocol, they had a 5-year disease recurrence-free survival of 47% in 
patients who received OLT in combination with neoadjuvant and adjuvant thera-
pies than 0% in the resection group [84–86]. 

12.3 Is there a role of adjuvant therapy in the treatment 
of cholangiocarcinoma? 

Some centers reported the use of intraoperative radiotherapy, Busse et al. These 
results are rather conflicting with no significant difference in mean survival. 
Although Kamada et al. suggested that radiotherapy may increase survival in 
patients with positive hepatic duct resection margins. If this modality is to be used 
postoperatively, metal clips should be placed to mark the area of the anastomosis 
after resection or areas of known or suspected residual tumors. Despite significant 
advances in the surgical management of perihilar cholangiocarcinoma, the only 
chance for long-term survival remains complete resection with negative margins. 
Radiation therapy alone has no significant impact in prolonging survival in these 
patients. Some centers are using gemcitabine in combination with cisplatin along 
with radiation, although anecdotal but rather promising. Both gemcitabine and 
cisplatin have been demonstrated in recent years to have activity against hilar CC, 
and a recent phase 3 trial suggests that the best results can be achieved with a 
combination of these two agents [87–91]. 

12.4 Palliative therapy 

Most patients with HCCA may not be suitable for surgical resection. If a patient 
is considered irresectable after histological or cytological tissue is confirmed to be 
cancerous, palliative measures can be an option. The palliative measures include 
biliary decompression either surgical, endoscopic, or percutaneous techniques 
which can be applied in unresectable tumors as well as chemotherapy, radiation 
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therapy, and photodynamic therapy. Palliative biliary bypass can be performed by 
exposing the left hepatic duct; this involves (1) opening the umbilical fissure, 
elevating the base of the segment 4 lobe, while lowering the left hepatic ductal 
system from the undersurface of the quadrate lobe, (2) exposing branches of the 
left duct by dissection at the base of the ligamentum teres, (3) by partial excision of 
the left lateral segment and performing a biliary-enteric anastomosis to the opening 
in branches of the left hepatic duct (Longmire procedure), and (4) Cahow’s 
intrahepatic cholangiojejunostomy. If the left hepatic duct is not accessible, the 
right drainage system (V or VI) can be exposed by a hepatotomy at the base of the 
gallbladder fossa, but in general, segment III bypass is performed, unless the left 
liver is atrophic or is heavily involved with tumors or in cases of the primary lesion 
extending to the umbilical fissure of the liver [92, 93]. 

12.5 What are the importance of endoscopic and percutaneous 
methods and when is it indicated? 

The use of these modalities differs from center to center. Routine biliary drain-
age is not recommended before assessing resectability, except in patients with 
suppurative cholangitis or patients with severe renal dysfunction and malnutrition. 
Endoscopic palliation of jaundice in patients with HCCA is best achieved in patients 
in whom preoperative drainage was achieved endoscopically. At the present time, 
percutaneous drainage of the biliary system is a useful tool in patients in whom 
endoscopic drainage cannot be achieved due to technical difficulties and in non-
availability of advanced endoscopic facilities. Endoscopic stent insertion can also be 
used to deliver other forms of palliative adjuvant therapy, such as brachytherapy 
and photodynamic therapy. The development of newer stents and techniques for 
deployment as well as the rapidly emerging applications of EUS could widen the 
scope of endoscopy as a palliative tool in HCCA. It is technically easier to place 
endoscopically or percutaneously in patients with distal lesions than proximal 
lesions. The patency for metallic stents at the hilar region is less than those placed in 
the distal duct. Endoscopic, percutaneous, and operative approaches to biliary 
decompression are effective. The patency for distal stent is higher than the proximal 
stents. It might be technically difficult to place a stent to the proximal lesion 
endoscopically. In this scenario, percutaneous approach may be better for proximal 
lesions. Stents can be placed unilateral or bilateral and sometimes unilateral stent 
placement may be adequate. The patency of self-expanding bare metal stents is 
higher than polyethylene plastic stents. Covered stents have a comparable patency 
rate to bare metal stents, but they are associated with an increased rate of compli-
cation which involves stent migration. Photodynamic therapy is emerging as a 
promising option for palliative therapy, while brachytherapy is still evolving. Both 
approaches remain, at this time, investigational for CC palliation. It is important 
that the optimal management of patients with CC requires a multidisciplinary team 
of clinicians, including surgeons, interventional and diagnostic radiologists, gastro-
enterologist, and hepatologists [94, 95]. 

12.6 Photodynamic therapy and immunotherapy 

This approach has been used as a palliative measure for tumors of the esophagus, 
colon, and stomach. It is promising as a means of providing biliary decompression 
without stents or another means of treating those with microscopically involved bile 
duct margins. It uses two nontoxic components, a photosensitizing chemical called 
photosensitizer and light which is applied in sequence. The wavelength of the photo-
sensitizer corresponds to the absorption spectra of the photosensitizer, and it is 
activated by several wavelengths. To achieve tumor necrosis, it is better to use the 
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photosensitizer with the longest wavelength. With oxygen molecules present, this 
results in the release of various cytotoxic species, like singlet oxygen and other 
reactive oxygen species. Photodynamic therapy is both anti-angiogenic which dam-
ages tumor endothelial cells as well as dose-dependent immune responses. At high 
doses, it causes damage to the cellular membranes and the blood vessel which leads to 
recruitment of neutrophils and monocytes/macrophages and activation of pro-
inflammatory cytokines like interleukin IL-1beta, IL-2, and tumor necrosis factor 
TNF-alpha. This results in the enhancement of the host immune system which plays 
an important role in secondary cytotoxicity and tumor control. Serum IL-6, a bile 
duct epithelium growth factor correlating with tumor burden in CC, decreases after 
PDT. The side effect of PDT is cutaneous photosensitivity [96]. Although not con-
clusive, but at its preliminary stage as discussed earlier, biliary cancers that express 
epidermal growth factor and angiogenesis have been correlated with poor prognosis. 
Erlotinib and EGFR tyrosine kinase inhibitor and bevacizumab, a vascular endothelial 
growth factor (VEGF) inhibitor, have been shown to have activity in biliary cancer. 
Inhibitors of epidermal growth factor receptor family, such as erlotinib, cetuximab, 
and lapatinib, were recently investigated. Furthermore, bortezomib (an inhibitor of 
proteasome), imatinib mesylate (an inhibitor of c-kit-R), bevacizumab (an inhibitor 
of VEGF), and sorafenib (a multiple kinase inhibitor), that blocks not only tyrosine 
kinase but also serine/threonine kinases along the RAS/RAF/MEK/ERK pathway, 
have been used. Early evidence of antitumor activity was seen, but the results are still 
too early and require further investigation [36]. 

13. Summary 

Cholangiocarcinoma is a very deadly disease, which if diagnosed early and if the 
patient is subjected to a complete surgical resection may have an impact in long-term 
survival. Having said that, much progress has been made with multidisciplinary 
services, transplantation, aggressive surgical approach, and hopefully with new 
developments in technology and research; we hope to improve the survival rate. 
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