
Updates in  
Gallbladder Diseases

Edited by Hesham Mohamed Abdeldayem

Edited by Hesham Mohamed Abdeldayem

Photo by 7activestudio / iStock

The basic researches and clinical studies on gallbladder diseases continue to advance 
at a rapid pace. The chapters in this book were written by recognized medical experts 

and researchers from North America, Europe, Asia, and Africa and aim to provide 
the state-of-the-art reviews on the current knowledge and advances in research and 
management of gallbladder diseases. This book includes the most recent advances in 
that field, particularly, the immunogenetic basis of cholecystitis, noncoding RNAs 

in gallbladder cancer, the diagnostic pitfalls and timing of management of acute 
cholecystitis, the incidental gallbladder cancer, the surgical management of gallbladder 

cancer, laparoscopic cholecystectomy in special conditions, and robot-assisted 
cholecystectomy.

ISBN 978-953-51-3087-1

U
pdates in G

allbladder D
iseases





UPDATES IN
GALLBLADDER DISEASES

Edited by Hesham Mohamed Abdeldayem



Updates in Gallbladder Diseases
http://dx.doi.org/10.5772/65176
Edited by Hesham Mohamed Abdeldayem

Contributors

Batool Mutar Mahdi, Gainosuke Sugiyama, Kaylene Barrera, Paul Chung, Amir Houshang Mohammad Alizadeh, 
Atthaphorn Trakarnsanga, Nutthawut Phothong, Mazen Hassanain, Faisal Al-Alem, Ahmad A Madkhali, Rafif Essam 
Mattar, Abdulsalam Al-Sharabi, Faisal Alsaif, Vincenzo Neri, Alberto Fersini, Nicola Tartaglia, Pasquale Cianci, Libero 
Luca Giambavicchio, Sabino Capuzzolo, Antonio Ambrosi, Adrian Bartos, Dana Monica Bartos, Andrei Herdean, 
Hesham Abdeldayem, Panagiotis Paliogiannis, Gavinella Latte, Karim Bel Imam, Maria Rosa Pascale

© The Editor(s) and the Author(s) 2017
The moral rights of the and the author(s) have been asserted.
All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced, 
distributed or used for commercial or non-commercial purposes without INTECH’s written permission.  
Enquiries concerning the use of the book should be directed to INTECH rights and permissions department 
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0 
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided 
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not 
be included under the Creative Commons license. In such cases users will need to obtain permission from the license 
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be 
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those 
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published 
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the 
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2017 by INTECH d.o.o.
eBook (PDF) Published by  IN TECH d.o.o.
Place and year of publication of eBook (PDF): Rijeka, 2019. IntechOpen is the global imprint of IN TECH d.o.o.
Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Updates in Gallbladder Diseases
Edited by Hesham Mohamed Abdeldayem

p. cm.

Print ISBN 978-953-51-3087-1

Online ISBN 978-953-51-3088-8

eBook (PDF) ISBN 978-953-51-4861-6

http://www.iceni.com/unlock-pro.htm


Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

3,650+ 
Open access books available

151
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

114,000+
International  authors and editors

118M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

 





Meet the editor

Professor Abdeldayem graduated from Kasr Al Ainy 
School of Medicine in 1987. He got his training at Cairo 
University Hospitals, Menoufia University, University of 
Pittsburgh Medical Center and King Abdulaziz Medical 
City. He joined the National Liver Institute in 1993. He has 
several publications in the fields of hepato-pancreato-bil-
iary surgery and organ transplantation. He is a member of 

InTech’s Editorial Advisory Board and associate editor of Frontiers in Surgery. 
He currently holds the positions of professor of Surgery and vice dean for 
Postgraduate Studies and Research, at the National Liver Institute, Menoufia 
University, Egypt.





Contents

Preface XI

Section 1 Introduction    1

Chapter 1 Introductory Chapter: Advancements in the Management of
Gallbladder Diseases   3
Hesham Abdeldayem

Section 2 Cholecystitis    7

Chapter 2 Immunogenetic Basis of Cholecystitis   9
Batool Mutar Mahdi

Chapter 3 Acute Cholecystitis: Diagnostic Pitfall and Timing of
Treatment   23
Pasquale Cianci, Nicola Tartaglia, Alberto Fersini, Sabino Capuzzolo,
Libero Luca Giambavicchio, Antonio Ambrosi and Vincenzo Neri

Section 3 Gallbladder Cancer    47

Chapter 4 Noncoding RNAs in Gallbladder Cancer   49
Panagiotis Paliogiannis, Gavinella Latte and Karim Bel Imam

Chapter 5 Gallbladder Cancer: Surgical Management   61
Adrian Bartoș, Andrei Herdean and Dana Monica Bartoș

Chapter 6 Incidental Gallbladder Cancer   79
Faisal Al-alem, Rafif E. Mattar, Ahmad Madkhali, Abdulsalam
Alsharabi, Faisal Alsaif and Mazen Hassanain



Section 4 Endoscopic Ultrasound and the Gallbladder    95

Chapter 7 Endoscopic Ultrasonography (EUS) and Gallbladder   97
Amir Houshang Mohammad Alizadeh

Section 5 Cholecystectomy    111

Chapter 8 Laparoscopic Cholecystectomy in Special Situations   113
Natthawut Phothong and Atthaphorn Trakarnsanga

Chapter 9 Robotic Approach to Cholecystectomy   125
Kaylene Barrera, Paul Chung and Gainosuke Sugiyama

X Contents



Section 4 Endoscopic Ultrasound and the Gallbladder    95

Chapter 7 Endoscopic Ultrasonography (EUS) and Gallbladder   97
Amir Houshang Mohammad Alizadeh

Section 5 Cholecystectomy    111

Chapter 8 Laparoscopic Cholecystectomy in Special Situations   113
Natthawut Phothong and Atthaphorn Trakarnsanga

Chapter 9 Robotic Approach to Cholecystectomy   125
Kaylene Barrera, Paul Chung and Gainosuke Sugiyama

ContentsVI

Preface

Gallbladder diseases are of the most prevalent digestive diseases worldwide. They result in
considerable amount of financial and social burden. At the same time, clinical studies on
these diseases continue to advance at a rapid pace.

The chapters in this book provide the state-of-the-art reviews on the current knowledge and
advances in research and management of gallbladder diseases. This book includes the most
recent advances in that field, particularly, the immunogenetic basis of cholecystitis, noncod‐
ing RNAs in gallbladder cancer, the diagnostic pitfalls and timing of management of acute
cholecystitis, the incidental gallbladder cancer, the surgical management of gallbladder can‐
cer, laparoscopic cholecystectomy in special conditions, and robot-assisted cholecystectomy.

This book is written by recognized medical experts and researchers from North America,
Europe, Asia, and Africa. I wish to thank all the distinguished authors for their cooperation
and desire to share their precious experience with the medical community. On their behalf, I
wish to express hope that this publication will facilitate access to the latest scientific achieve‐
ments in the field of gallbladder diseases all across the world.

I am particularly thankful to Ana Pantar, Romina Rovan, and their colleagues at InTech, the
publisher of one of the largest multidisciplinary open access collections of books covering
the fields of science, for their expertise and support in bringing this edition to completion.

I would like to acknowledge the help of my colleagues at the National Liver Institute, Me‐
noufia University, Egypt, a dedicated center of excellence and a leading medical institution
at the Middle East involved in the management of liver diseases and advanced training and
research in hepatobiliary sciences.

Hesham Mohamed Abdeldayem
National Liver Institute

Menoufia University
Egypt
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Gallbladder diseases are the most prevalent digestive diseases worldwide. They result in con‐
siderable amount of financial and social burden. At the same time, clinical studies on these 
diseases continue to advance at a rapid pace.

The surgical management of gallstones, the most common affliction of the biliary tree, has 
been parallel to the evolution of surgical techniques. The first surgical report on gallstones 
dates back to 1687 when Stal Pert Von Der Weil found gallstones while exploring a patient 
suffering from peritonitis [1]. Open cholecystectomy was first performed and reported by the 
German surgeon, Carl Johann Langenbuch since one century. Later, this technique became 
the gold standard for the treatment of symptomatic gallstones [2] and remained so for almost 
a century. Operative cholangiography was introduced by Mirizzi over 60 years ago for the 
detection of stones in the bile duct [3].

Dr Med Erich Mühe of Böblengen, Germany in 1985, while performing laparoscopy for gyne‐
cologic indication on a woman who was also suffering from symptomatic gallstones, moved 
the laparoscope to the subhepatic area and succeeded to remove the gallbladder laparoscopi‐
cally and the patient recovered uneventfully. Once the safety of laparoscopic cholecystectomy 
was established, it became the treatment of choice for cholelithiasis [4] and one of the most 
commonly undertaken procedures in general surgery.

Since then, this procedure has undergone many refinements including reduction in the port 
size and number. Some surgeons tried two ports only; others described single port technique 
through the umbilical scar. No scar laparoscopy cholecystectomy has been also described, the 
so‐called NOTES (natural orifice transluminal endoscopic surgery) [5]. In the later technique, 
the gallbladder is removed through transanal, transvaginal, transcolonic, and transgastric 
route. Percutaneous cholecystostomy is another option available for too ill patients who are 
not fit for the laparoscopic procedure. It seems that surgical management of gallstones is still 
open for innovation, and further advancement included robotic‐assisted laparoscopic chole‐
cystectomy [6].

© 2017 The Author(s). Licensee InTech. 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.



Gallbladder cancer (GBC) is the most frequent type of cancer of the biliary tract. The most 
important risk factor is gallstones. The majority of GBCs are adenocarcinomas, followed by 
squamous cell, adenosquamous, and undifferentiated carcinomas [7].

Surgery is the only curative therapy for GBCs. Most of the resectable GBC cases are diagnosed 
incidentally after histopathological examination of the resected gallbladder after laparoscopic 
cholecystectomy performed for gallstones [8].

The aim of surgery is to get negative margins. The extent of resection varies depending on the 
extent of the disease. For locally advanced GBC, major hepatectomy and/or resection of the 
CBD would be mandatory to get R0 resection. On the other hand, the potential benefit of such 
major resections should be balanced against the high morbidity and the poor.

The roles of radiation, chemoradiation, and chemotherapy in the neoadjuvant and adjuvant 
settings remain to be defined. Chemotherapy has been used in advanced GBC with limited 
results. Molecularly targeted agents that inhibit angiogenesis and EGFR pathways are being 
investigated [9].

Advances in the understanding of the molecular pathways of and genetic profiling of gall‐
bladder cancer patients together with integration and coordination of clinical research efforts 
are critical to improve the outcomes for GBC.

The articles in this book provide a state‐of‐the‐art review of the current knowledge and 
advances in research and management of gallbladder diseases, as well as promote future 
research, and clinical studies on the biliary disorders worldwide.

The immunogenetic basis of cholecystitis including human leukocyte antigens, as well as 
single‐nucleotide polymorphism, is discussed in a separate chapter. Other chapters also dis‐
cuss the role of endoscopic ultrasound in the diagnosis of gallbladder diseases together with 
the diagnostic pitfalls of acute cholecystitis. Advances in laparoscopic cholecystectomy are 
reviewed, particularly those related to robot‐assisted and laparoscopic cholecystectomy in 
special situations like pregnancy and left‐sided gallbladder.

Advances in gallbladder cancer research including noncoding RNAs are reviewed. Topics 
related to incidental gallbladder cancer, including its incidence, management, and prognosis, 
are discussed in details. Recent advances in the diagnosis, staging, and management of gall‐
bladder cancer whether surgical or non‐surgical are reviewed as well.

This book focuses on basic science and current methods in the diagnosis and management of 
gallbladder diseases. It is written by recognized medical experts and expected to be of great 
value for researchers and practicing gastroenterologists, endoscopists, and surgeons.

Author details

Hesham Abdeldayem

Address all correspondence to: habdeldayem64@hotmail.com

National Liver Institute, Menoufia University, Egypt
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Abstract

Cholecystitis is an inflammation of the gallbladder caused by many causes like stone 
that is cholesterol gallstone and sometimes the cause is due to bacterial infection also 
known as acalculous cholecystitis. The risk factors for this disease are female, 40, fatty, 
fair, aging, diabetes mellitus, pregnancy, oral contraceptive and the most common fac-
tor is the interaction between genetic and environmental factors. Genetic factors include 
human leukocyte antigens, ethnicity, race and single nucleotide polymorphism in genes 
involved in the synthesis of cholesterol, transport and excretion.

Keywords: cholecystitis, genetic, stone, HLA, ethnicity

1. Introduction

Cholecystitis is an inflammation of the gallbladder, originated from Greek word—cholecyst 
means “gallbladder,” combined with the suffix -itis means “inflammation,” means inflam-
mation of the gallbladder, which occurs due to calculous in 90% of the cases and the rest 
10% known as acalculous cholecystitis [1]. The most common presenting symptom is upper 
abdominal colicky pain frequently begins in the epigastric region that may radiate to the right 
shoulder and then localizes to the right upper quadrant of the abdomen associated with nau-
sea and vomiting while acalculous cholecystitis may present with fever and sepsis only [2], 
jaundice may occur suggesting choledocholithiasis [3]. Immunocompromised patients and 
elderly patients may have vague symptoms that may not include fever or localized tenderness 
[4]. The pathogenesis of cholecystitis is blockage of the cystic duct with one or multiple gall-
stones form when substances in the bile form crystal-like particles. They can range from the 
size of a grain of sand to the size of a golf ball resulting in accumulation of bile and increased 
pressure within the gallbladder. Many factors contribute in the pathogenesis such as concen-
trated bile, increased pressure inside the gallbladder and secondary bacterial infection by 

© 2017 The Author(s). Licensee InTech. 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.



gut organisms, predominantly Escherichia coli and Bacteroides species irritate and damage the 
gallbladder wall, causing inflammation and swelling of the gallbladder. This leads to reduce 
normal blood flow to areas of the gallbladder, leading in cell death due to insufficient oxygen 
supply to tissues [5]. The importance of chronic inflammation of the gallbladder (chronic cho-
lecystitis) and cholelithiasis is related to its association with gallbladder cancer [6]. Thus, it is 
important to deal with its etiogenesis.

2. Causes

Cholecystitis is a gallbladder inflammation, which is most commonly caused by gallstones, 
tumor or scarring of the bile duct [7]. The greatest risk factor for calculous cholecystitis is 
gallstones and the risk factors for gallstones include female sex, increasing age more than 
60, pregnancy, oral contraceptives, obesity, diabetes mellitus, ethnicity like Native North 
American or Mexican American ethnicity, rapid weight loss and drugs like hormonal replace-
ment therapy in women during menopause. Cholesterol gallstones, accountable for about 
90% of gallstones, due to supersaturation of bile with cholesterol stand for a multifactorial 
disease with a significant genetic component (Figure 1) [8].

A genetic factor in the vulnerability to gallstones was recognized as early as 1937 [10]. These 
stones were formed due to interactions of lithogenic alleles of gallstone susceptibility genes 
in DNA and many environmental factors [11]. The genetic cause may be due to fibroblast 
growth factor receptor 4 (FGFR4) polymorphism, which is a genetic risk factor contributing 

Figure 1. Formation of cholesterol gallstone [9].
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to aggravation of gallstone disease by maintaining bile acid homeostasis by regulating the 
expression of cholesterol 7α-hydroxylase (CYP7A1). The Gly388Arg (G-388R) had a greater 
inhibitory activity against bile acid biosynthesis and polymorphism in it affects stabiliza-
tion and activation of FGFR4 and overexpression of FGFR4, especially the G-388R mutant 
of FGFR4 that inhibits luciferase activity of CYP7A1 reporter [12]. Acalculous cholecystitis 
is related to conditions associated with biliary stasis such as critical illness, major surgery or 
severe trauma/burns, sepsis, long-term total parenteral nutrition, prolonged fasting, myocar-
dial infarction, sickle cell disease, Salmonella infections, diabetes mellitus and patients with 
AIDS who have cytomegalovirus, cryptosporidiosis or microsporidiosis [13]. Genetic factors 
play an important role in causation of disease because around 50–70% of cholecystitis patients 
have a positive family history of the disease [14]. In addition to that, epidemiologic studies 
have showed that environmental factors and genetic elements are contributed in gallstone for-
mation through many studies on twins, families and ethnicities with gallstone formation [15].

2.1. Genetic factor

Cholecystitis had been found in certain area of the world and had an epidemiological distri-
bution raises an issue of genetic or chromosomal factors associated with it [16]. The frequency 
of diseases of the gallbladder, gallstones (cholelithiasis), cancer of the gallbladder and other 
biliary tract system diseases is more common in western countries (North America, Europe 
and Africa) [17]. This may be due to general response to some dietary or other environmen-
tal risk factor, suggesting a gene-environment interaction. The role of diet was attributed 
to the consumption of high-calorie, high-fat, low-fiber diets and insufficient exercise [18]. 
There was an epidemic of gallbladder disease among Amerindians and peoples genetically 
related to them [19]. The existence of this epidemic indicates a genetic basis of this disease. 
In addition to that, the prevalence of cholecystitis in geographically associated distribution 
may be related to genes of aboriginal Amerindian origin, the degree of Amerindian admix-
ture. The person from New World genotype will do cholecystectomy by age 85 years and 
this constitutes about 40% in Mexican-American females and increased the risk of gallblad-
der cancer. Thus, genetic factor can be considered as Carcinogenic reason in New World 
peoples as any major environmental exposure [20]. The genetic effect in gallbladder diseases 
starts from chromosomal changes in gallbladder cells that leads to gallbladder cancer either 
acquired or inherent genetic instability in normal cells of the gallbladder causing mutational 
events that result in neoplastic transformation of normal cells and provide such cells with a 
selective growth over normal cells that leads to carcinoma of the gallbladder [21].The cause 
was due to loss of heterozygosity in the 3p, 8p, 9q and 22q chromosomal regions of cancer 
patients [22]. Other study demonstrated chromosomal aberrations were confined on chromo-
some 1’s long arm and translocation from the long arm of chromosome 4 to the long arm of 
chromosome 6. These aberrations constitutes about 16.6% and may be due to environmental 
effects, infections and inflammation [16]. The frequency of gallbladder disease was increased 
in Eastern populations like China, this may be due to the diet of the Chinese in Taiwan is 
already Westernized and differences among genetic populations [23]. The effect of genetic 
factor in the development of acute acalculous cholecystitis was manifested by infection with 
Epstein–Barr virus and development of disease [24]. Other microorganism that causes acal-
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culous cholecystitis is Lactococcus garvieae that is recognized as a freshwater fish bacteria, is 
now regarded as zoonotic microorganism in human. The genome sequence of L. garvieae 
is draft genome sequence of L. garvieae LG-ilsanpaik-gs201105, with a total genome size of 
1,960,261 bp in 53 contigs and a 38.1% average G-C content [25]. These extracellular bacteria 
phagocytosed by antigen presenting cells like macrophages, dendritic cells and B cells that 
processed them and presented with Major histocompatibility complex class II molecules to T 
cells. Human leukocytes antigens (HLA) (Figure 2) is one of the genetic factor that cause cho-
lecystitis, studies into the genetic characteristics of patients with chronic cholecystitis made 
the significance of hereditary load in the development of cholecystitis and to identify genetic 
markers (B (III) blood group), type Hp 1-1, HLA-A3, HLA-A30 and HLA-B5, and genetic 
protectors (O (I) blood group), HLA-B8 and HLA-B14 of the disease [26].

The class II molecule of HLA is a heterodimer consisting of two chains, an alpha (DRA) and a 
beta chain (DRB), both anchored in the membrane of the cell wall. HLA DRB1 plays a central 
role in the immune system by presenting peptides derived from extracellular proteins and 
the class II molecules are expressed in cell wall of antigen presenting cells B lymphocytes, 
dendritic cell and macrophages. The beta chain is approximately 26–28 kDa and is encoded 
by six exons. Exon 1 encodes the leader peptide; exons 2 and 3 encode the two extracellular 
domains; exon 4 encodes the transmembrane domain and exon 5 encodes the cytoplasmic tail. 
Within the DR molecule the beta chain contains all the polymorphisms of HLA that specify-
ing the peptide binding specificities. Allelic variants of DRB1 are linked with many diseases 
[27]. Cholecystitis patients and control groups were typed for identifying the DRB1* alleles 
using DNA-based methodology (PCR-SSOP). Allele’s frequencies of HLA-DRB1 for chole-
cystitis patients and control group. There was an increased frequency of HLA-DRB1*03:01 
in patients with cholecystitis compared with healthy controls (p = 0.0442, odd ratio = 4.1111, 
95% CI: 1.0372–16.2949); also there is an increase in the HLA-DRB1*13:01 in patients with 
cholecystitis while the control group did not have this allele, thus this allele is predispos-
ing allele to diseases development. The highest frequencies belong to HLADRB1*03:01 and 
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HLA-DRB1*13:01 that are 0.14 and 0.16, respectively. This demonstrated the role of chromo-
some 6 in gallbladder disease by HLA typing. Thus, HLA-DRB1*13:01 is significantly higher 
than control group [28]. In other populations, HLA A3, HLA A30, HLA B5, HLA B8 and 
HLA B14 are associated with this disease [29]. Human leukocyte antigens are important in 
determining immune response whether cellular or humeral. The HLA-DR antigen expression 
on macrophages and monocytes plays an important role in antigen presentation to T-helper 
lymphocytes [29]. In fact, these cells require both HLA-DR and exogenic antigens on the mac-
rophage surface to initiate proliferation. Thus, HLA-DR is a major histocompatibility complex 
class II cell surface receptor that is up-regulated in response to signaling during an infection. 
Therefore, decrease of human leukocyte antigen-DR leading to increased gallbladder inflam-
mation and sepsis [20]. The cholecystitis pattern of genotypic variability in an admixed popu-
lation is a function of the gene frequencies of the original contributing parental populations, 
the number of loci involved in a trait of interest, the mating pattern relative to those loci and 
the amount of admixture between populations. Native peoples of the New World, including 
Amerindians and admixed Latin Americans such as Mexican-Americans, are highly suscep-
tible to cholecystitis. This pattern differs from that generally associated with Westernization, 
which suggests a gene-environment interaction [30]. Among women with cholecystitis, the 
risk is highest among American Indians, followed by Hispanics, non-Hispanic whites and 
non-Hispanic blacks. Men differ from women by having lower risk in all ethnic groups and 
by having a similar prevalence between Hispanics and non-Hispanic whites. Genetic markers 
have not been identified that would explain differences in risk among ethnic groups. Patients 
with HLA typing haplotype HLAB*07 and DRB1*15 have a higher level of IgG4 in patients 
with primary sclerosing cholangitis [31]. Allele like HLA-DRB1*13:119 and 14:57 are either 
new alleles or ambiguous allele that assign with high number. According to IMGT/HLA, 
these two alleles occur in Native Indian.

Occurrence of genetic alterations is risk factors have been associated with gallbladder disease 
like cholecystitis, chronic inflammation of the gallbladder, congenital biliary abnormalities 
and polyps. Genetic predisposing factors associated with cancer of gallbladder like muta-
tions in KRAS, TP53, p16/CDKN2A, microsatellite instability, overexpression of COX2, VEGF, 
hTERT and ERBB2 genes in gallbladder cancer (GBC) [32, 33]. Chronic inflammation of the 
gallbladder and biliary tract infections or irritation by gallstones and progression to invasive 
carcinoma, tracks at the molecular level, with tumor suppressor gene silencing by DNA meth-
ylation, together with global and gene-specific loss of methylation [34]. There are different 
studies about lesions’ methylome and gene-specific promoter methylation alterations in the 
following genes (APC, CDKN2A, ESR1, MCAM, MGMT, PGP9.5, RARβ and SSBP2) of DNA 
of the patients with cholecystitis. The acquisition of hypermethylation at gene-promoter sites 
(p16, APC, methylguanine methyltransferase, hMLH1, retinoic acid receptor beta-2 and p73) 
may lead to loss of gene function and chronically inflamed gallbladder and cancer and this 
hypermethylation differ in different parts of the world [35]. In addition to that, aberrant meth-
ylation of 5′ gene promoter regions is an epigenetic phenomenon that is a main method for 
silencing of genes, which is absent in chronic cholecystitis, whereas it is present in gallblad-
der disease [36]. The methylation levels seem to play an important role in the progression of 
chronic cholecystitis without metaplasia to chronic cholecystitis with metaplasia [37].

Immunogenetic Basis of Cholecystitis
http://dx.doi.org/10.5772/67365

13



2.2. Genetic cause of calculous cholecystitis disease

Gallstone disease is a very common biliary tract disease in the world. Gallstones are one of the 
most common and mainly costly digestive diseases in the developed countries. Geographic 
and ethnic differences in its occurrence imply that genetic factors influence risk of gallstone 
formation [14]. Its prevalence in the western countries was 48% [38], whereas in Asian ones 
was 5.9–21.9% [39]. It is a most common cause for cholecystitis, acute cholangitis and bili-
ary pancreatitis. It is formed due to genetic-environmental factors interactions. Genetic fac-
tors that influence gallstone formation by its implication in different metabolic pathways, 
have been involved from linkage studies of twins, families study and ethnicities, it had been 
found that this disease is more common in siblings and other family members of affected 
persons than spouses or unrelated controls in a ratio 3:1 [40]. Twin studies have provided 
a clue into the genetic effect on disease development; the rates of this disease in monozy-
gotic twins of both sexes were higher than in dizygotic twins [41]. This involves the genetic 
effects of multiple LITH genes of susceptible alleles that interact with environmental factors. 
The genetic defect either oligogenic (mutations in single genes) or polygenic (mutation in 
multiple genes) that affect the molecular pathophysiology of cholesterol gallstone formation, 
defect in the physical-chemistry of bile and the physiology of biliary lipid secretion [42–44]. 
One of these metabolic pathways defect is MDR3 which is the phosphatidylcholine translo-
cator across the hepatocyte canalicular membrane because phospholipids are a carrier and 
a solvent of cholesterol in hepatic bile. Thus a defect in the MDR3 gene due to mutations 
involving a conserved amino acid region represents a genetic factor involved in the forma-
tion of cholesterol gallstone disease in adults and familial intrahepatic cholestasis type-3 that 
characterized by production bile acid-rich toxic bile that damages the intrahepatic bile ducts 
[45]. Other genetic pathway disease is caused by defects of canalicular secretion of bile salts.  
Most of bile salts were absorbed in terminal ileum while in the liver, there is a transporter 
at the basolateral sinusoidal membrane called sodium-dependent taurocholate transporter 
and the bile salt export pump at this membrane-mediated hepatic uptake and canalicular 
secretion of bile salts. When there is impairment in the bile flow leads to impairment in the 
metabolism of cholesterol and bile acids by expression of transporter proteins and enzymes 
of the cytochrome P-450 system. This stimulates or inhibits the transcription of genes encod-
ing transporters and enzymes involved in their metabolism leading to a hepatoprotective 
dysfunction and familial intrahepatic cholestasis type-1 results from mutations in various 
genes encoding hepatobiliary transport proteins while type-2 results from mutations in the 
bile salt export pump gene [46]. There is other genetic defect that leads to cholelithiasis, which 
is a mutation in ABCB4 gene (adenosine triphosphate-binding cassette (ABC), subfamily B, 
member 4) a major genetic risk factor in a symptomatic and recurring form of cholelithiasis in 
young adults [47]. Pullinger et al. [48] showed that a deletion mutation in cholesterol 7 alpha-
hydroxylase enzyme (CYP7A1) was related to hypercholesterolemia resistant to 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors that lead to a loss of enzyme 
function which results in decrease in bile salt synthesis. This ends in increase of bile stone for-
mation and calculus cholecystitis. Other monogenic disorder is mutations in the ATP-binding 
cassette (ABC) 1 gene that leads to a defect in cellular cholesterol efflux ends in Tangier disease 
[49, 50]. Other cause was defect in splicing of cholecystokinin A receptor (CCK-1R) resulted in 
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non-functional receptor and stasis of bile in gallbladder [51]. Additional defect was mutations 
in the ATB7B gene leads to copper accumulation and Wilson’s disease [52]. A genome-wide 
association (GWA) study of more than 500,000 SNP identified a coding variant rs11887534 
(D19H) of the sterol transporters ABCG5/G8 on the canalicular membrane of hepatocytes as 
a risk factor for cholesterol gallstone development [10]. In addition to that, polymorphisms 
of the apolipoprotein (APO)-E (three allelic variants, e2, e3 and e4) e4 genotype is a genetic 
risk factor for cholelithiasis [53], Apo-B and the cholesteryl ester transfer protein are result in 
familial type III hyperlipoproteinemia (HLP III) [54].

Thus, in conclusion, there are a large number of genetic polymorphisms (SNPs) that causing 
calculus cholecystitis starting from cholesterol transporter [55], plasma transport [56], cho-
lesteryl ester transfer protein [57] and cholesterol uptake [58], bile acid synthesis [59], trans-
porter [60] and bilirubin excretion [61], mucin affect the formation of the gallstone genetically 
[62], gallbladder motility [63] and hormone receptor [64]. Thus, genetic study provided an 
insight toward the pathogenesis of the calculus cholecystitis.

2.3. Immunologic causes

The role of immune system on development of calculus and cholecystitis is manifested by 
cell-mediated immunity (Th1 cell) exerting its effect on formation of cholesterol gallstone and 
local inflammation [65]). It was first be confirmed by Lee and coworkers [66]. The proinflama-
tory cytokines had an effect on mucin production. Regarding immunoglobulins (particularly 
IgM and IgG), it had been found that they promote crystal nucleation [67]. This immune 
mechanism in the biliary system was altered due to the presence of multiple microbial flora 
[68] and other bacteria like enterohepatic Helicobacter spp. as H. pylori [69].This bacteria-
induced disease through stimulation of adaptive immunity by Th1-mediated proinflam-
matory immune response and secretion of cytokines [70] and increased immunoglobulines 
production that alters mucin production [71]. In addition to that innate immunity also had an 
important role in defense mechanism against cholecystitis represented by Toll-like receptors 
by initiating and directing immune response to bacteria, lower expression of TLR4 in chronic 
cholecystitis in the glandular and luminal epithelium of gallbladder enhancing cholecystitis 
[72]. CXCL16 (membrane-bound molecule) was detected on gallbladder epithelia, CXCR6(+)/
CD8(+) T cells and CXCR6(+)/CD68(+) macrophages were upregulated due to E. coli infection 
through Toll-like receptor 4. This is due to role of the scavenger receptor class A on macro-
phages that phagocytes E. coli followed by foamy changes and that bacterial infection causes 
the upregulation of CXCL16 in gallbladder epithelia, leading to the chemoattraction of more 
macrophages via CXCL16-CXCR6 interaction [73].

3. Conclusions

Inflammation of the gallbladder whether calculus or acalculous is a complex process medi-
ated by genetic and environmental factors. Cholecystitis required a strong involvement of a 
genetic factor whether in the immune response infection against pathogen, formation of a 
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stone and defense mechanism against inflammation. Understanding the concept of genetic 
factor leads to a novel diagnostic tools, treatments and preventive measures.
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Abstract

Objective: Cholelithiasis represents a very frequent health problem with higher prevalence 
in developed countries. The aim of this chapter is to underline, also by submitting our surgi-
cal experience, some diagnostic deceptions and the timing of treatment.

Methods: The presentation of 42 patients admitted in our institution (September 2012/
September 2014) with the diagnosis of acute pancreatitis allows to identify two differ-
ent clinical forms of acute biliary pancreatitis: the pancreatic pattern and biliary pattern. 
Moreover, the evaluation of another 42 patients observed in our institution (September 
2014/September 2016) with acute cholecystitis should show our treatment program. Also, 
we added the analysis of our previous research, regarding acute cholecystitis, already pub-
lished: difficult cholecystectomy, antegrade dissection in laparoscopic cholecystectomy, 
postoperative morbidity, laparoscopic approach in cirrhotics, finally the robotic experience.

Results: Clinical features, laboratory, and imaging exams should identify, into acute bili-
ary pancreatitis, two clinical forms as biliary pattern and pancreatic pattern for different 
therapeutic approach. The treatment chosen for acute cholecystitis is early laparoscopic cho-
lecystectomy within 24–72 hours. Severe, complicated acute cholecystitis can require urgent 
surgical intervention.

Conclusion: Acute cholecystitis encompasses clinical forms with various degree of severity 
and several clinical courses. The treatment is focused on early cholecystectomy with various 
and different management strategies, suitable to the specific pathological conditions.

Keywords: acute cholecystitis, acute pancreatitis, cholelithiasis, cholecystectomy, 
laparoscopic approach
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1. Introduction

Cholelithiasis represents a very frequent health problem. The prevalence of cholelithiasis is 
higher in the developed regions such as Europe and North America in comparison to the 
developing regions of the world (Africa, Middle East, China, India, Far East). On average, 
gallstone disease affects 10–15% of the adulthood population in the age of majority [1, 2]. The 
cost of gallstone disease has high social, administrative, and economic impact as interference 
with work activities, home care, hospital admission, and so on. Mortality rate for gallstone 
disease reaches 0.6%, thanks to the reduction of more than 50% over the last 60 years [3]. 
Gallstone disease in its evolution involves acute cholecystitis and some risks of complications 
such as gallstone-related pancreatitis and cancer [4, 5]. Moreover, cholecystectomy morbid-
ity encompasses various and diversified pathological conditions especially in severe inflam-
matory circumstances. We underline the problems connected with insufficient preoperative 
evaluation. Complications can be divided in intraoperative and postoperative. Intraoperative 
morbidity includes bile duct injury, gallbladder perforation, bleeding, and bowel perforation. 
Postoperative complications consist of infection and dehiscence of surgical incision, subhe-
patic abscess, residual choledocolithiasis, postcholecistectomy syndrome, umbilical hernia. 
Currently, cholecystectomy morbidity rate reaches 8.7–9.5% with up 15% in so-called difficult 
cholecystectomy. Among these complications is in evidence the bile duct injury which causes 
great impact on patient outcomes and requires usually complex and various procedures of 
repair: endoscopy, surgery, operative biliary radiology [6].

2. Etiology and pathogenesis of gallstones

Various etiological conditions and risk factors can cause gallstone disease. We can underline 
the gender, age, obesity, fast weight loss, alcohol use, diabetes, pregnancy, hypertriglyceride-
mia, and so on. The study of pathogenesis of gallstones can identify all etiological factors. The 
majority of gallstones are non-pigmented stones which are composed of cholesterol (75% of 
cases). The cholesterol is retained in solution by an unsteady balance among levels of phos-
pholipids, bile acids, and cholesterol (Admirand’s triangle) [7]. This balance can be disrupted 
by several factors: cholesterol supersaturation in bile, crystal nucleating factors because choles-
terol supersaturates tends to precipitate and crystallize, impairment of gallbladder functions 
as motility, absorbtion, secretion, finally impaired enterohepatic circulation of bile acids that 
changes the balance of Admirand’s triangle. In summary, cholesterol stones are caused by cho-
lesterol iperproduction, large cholesterol-phospholipid vesicles, crystal precipitation (choles-
terol monohydrate crystal) [8]; moreover, by calcium nucleation, and other nucleating factors 
as mucin glycoproteins, immunoglobulins, and so on. In addition, impairment of gallbladder 
functions plays a significant role: decrease of motility with stasis as in prolonged fasting and 
parenteral nutrition, diabetic disease, long-term somatostatin therapy, alteration of absorptive, 
secretive activity with increase of water reabsorption. Finally, the reduction of intestinal reab-
sorption of bile acids in the entero-hepatic circulation is also in evidence. Crystallizations of 
cholesterol within bile form biliary sludge and biliary sludge can be considered a common 
precursor of the gallstones. Pigmented stones consist of calcium-bilirubinate. These stones 
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are due to  solubilization of unconjugated bilirubin with precipitation. There are two types: 
black and brown. Black stones reach about 15–20% of global biliary stones. They are caused 
and occur in several diseases: hemolytic disorders (increased red blood cell destruction), liver 
diseases, cirrhosis (abnormal metabolism of hemoglobin), distal ileal resection (reabsorption 
of bile salts), and long-term total parenteral nutrition (TPN). Commonly these stones form in 
gallbladder. Brown stones, on the contrary, are found in biliary ducts as primary common bile 
duct (CBD) stones. These stones are associated with infection in bile ducts. Bacteria (Escherichia 
coli, Klebsiella frequently) produce bacterial beta-glucuronidase; consequently deconjugated 
bilirubin, not hydrosoluble, forms calcium bilirubinate. Biliary infections are commonly associ-
ated with biliary ducts stenosis, ampullary stenosis, abnormal sphincter of Oddi, sclerosing 
cholangitis, cirrhosis.

3. Epidemiology and pathophysiology of acute cholecystitis

Symptoms or complications of gallstones can develop in 1–2% of the patients for years [9]. 
Clinical presentation of cholelithiasis can be various: in the majority of cases (60–80%) lithiasis 
stay on long asymptomatic or for the patient’s whole life and its detection could be incidental. 
Symptoms of different degree, mild or severe for advanced complications occur in the 20–40% of 
patients. Acute cholecystitis is the very frequent surgical entity that occurs in 15–20% of patients 
with symptomatic disease. Cholecystitis could be caused by obstruction of the cystic duct by a 
gallstone with the same pathogenesis of biliary colic. The obstacle of bile outflow from gallblad-
der causes its wall distention and wall inflammation. This pathological condition may develop 
in different ways. In the severe cases (10–18%), the prolonged and complete obstruction causes 
extension of parietal flogosis resulting in disturbance of blood perfusion and necrosis. In the 
favorable cases, which are the majority, the stone moves, obstruction resolves, and inflammation 
may regress. In the acute cholecystitis, bacterial superinfection can occur in 50% of cases with 
positive bile culture (Escherichia coli, Klebsiella, Enterobacter, etc.) [10]. We can believe that acute 
cholecystitis starts as inflammatory disease without bacterial infection. Recently more complex 
pathogenesis has been hypothesized in acute cholecystitis. Acute cholecystitis should be pro-
duced with the addition of irritating factors of gallbladder mucosa to the blockage of the cystic 
duct. Lysolecithin has been used in experimental setting as irritant; but lysolecithin comes by 
catalyzation from lecithin, normal constituent of bile, by phospholipase A. Trauma of impacted 
gallstone may cause the release of this enzyme [11]. Moreover, lysolecithin was found in the 
gallbladder with acute inflammation [12]. Gallbladder flogosis should be worsened by further 
inflammatory mediators such as prostaglandins, which play an important role in functional 
activity of gallbladder (motility, fluid absorption, etc.) [13]. In summary, prolonged obstruc-
tion of gallbladder neck leads the increase of intraluminal pressure, with venous congestion, 
impaired blood supply, and lymphatic drainage. Damage of gallbladder wall (edema, intramural 
haemorrhage) and secondary bacterial infection complete the pathological features. Acalculous 
cholecystitis is acute inflammatory disease associated with right upper abdominal quadrant 
pain, leucocitosis, thickened wall without gallstones (ultrasonography (US) findings). Most fre-
quently, it happens in patients with severe disease such as severe burns, trauma, major surgery, 
long-term TPN; frequently cholecys`titis can develop with high morbidity and mortality [14]. 
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In the acute acalculous, cholecystitis probably can play a role of the bile stasis (fasting, narcosis) 
causing distension of wall, impaired blood supply, necrosis. Increased viscosity by dehydration 
and intestinal dynamic occlusion produces sludge formation and bacterial overgrowth in the 
gallbladder. US shows gallbladder wall thickening, sludge, pericholecystic fluid.

4. Clinical presentations of gallstone disease

Gallstones disease can present and develop in the wide clinical range. Asymptomatic disease 
can be detected incidentally. The absence of symptoms is linked to the mobility of stones 
that will not obstruct the cystic duct. The presence of gallstones, although asymptomatic for 
a prolonged time, can develop in symptomatic disease with various clinical entities. Most 
simple and frequent presentation is biliary colic characterized by abdominal pain localized in 
right upper abdominal quadrant, nausea, vomiting, frequently irradiating to the right shoul-
der. Usually the colic lasts a few hours. Asymptomatic patients can develop symptomatic 
disease in 20–30% of cases in the long term (20 years). The clinical developments of gall-
stone disease encompass several presentations: biliary colic, acute cholecystitis (with various 
degree of severity such as gangrene, emphysematous cholecystitis, perforation, cholecysto-
enteric fistula, gallstone ileus), choledocolithiasis, cholangitis, biliary pancreatitis, gallblad-
der carcinoma. The significant clinical problem is the surgical indication of cholecystectomy 
for patients with asymptomatic gallstone. The overall likelihood of clinical appearance for 
asymptomatic patients should be about 30% but we have to insert it and evaluate it in specific 
conditions: demographic, pathophysiological, and clinical. Another relevant information for 
the surgical indication choice is the incidence of postoperative morbidity of cholecystectomy. 
From the literature, overall morbidity (minor and major) of cholecystectomy in the laparo-
scopic era for uncomplicated gallstone disease in patients without comorbidity is very low: 
overall complication rate is 1.5% and the mortality rate is less than 0.1% [15]. In summary, sur-
gical treatment is the first choice in the patients with symptoms, cholecystitis, and gallblad-
der stone-related complications. Moreover, nowadays, the surgical indication for patients 
completely asymptomatic is debatable and not well defined. We can identify several clinical-
pathological conditions without clear and evident clinical appearance in which laparoscopic 
cholecystectomy should be indicated: patients with mild clinical appearance such as intense 
discomfort in the right upper quadrant, nausea vomiting, biliary colic because considerable 
risk for developing complications, young patients because high likelihood to develop in later 
years symptoms or/and complications, patients with pigmented stones caused by hemolytic 
disorders (increased red blood cells destruction) because the risks linked to this pathology in 
case of gallstone-related complications, patients with clearly established gallbladder dysfunc-
tion that frequently develops symptomatic disease (25–30% of cases) [16], patient with large 
stones (>2 cm) for high risk to develop cholecystitis, patients with porcelain gallbladder (cal-
cifications in the wall) because of the risk of gallbladder cancer (5–10%).

4.1. Common clinical presentation of acute cholecystitis

Patients with mild symptomatic gallstone disease such as recurrent biliary colic or mild 
postprandial discomfort can develop in about 20% of cases acute cholecystitis. This path-
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der stone-related complications. Moreover, nowadays, the surgical indication for patients 
completely asymptomatic is debatable and not well defined. We can identify several clinical-
pathological conditions without clear and evident clinical appearance in which laparoscopic 
cholecystectomy should be indicated: patients with mild clinical appearance such as intense 
discomfort in the right upper quadrant, nausea vomiting, biliary colic because considerable 
risk for developing complications, young patients because high likelihood to develop in later 
years symptoms or/and complications, patients with pigmented stones caused by hemolytic 
disorders (increased red blood cells destruction) because the risks linked to this pathology in 
case of gallstone-related complications, patients with clearly established gallbladder dysfunc-
tion that frequently develops symptomatic disease (25–30% of cases) [16], patient with large 
stones (>2 cm) for high risk to develop cholecystitis, patients with porcelain gallbladder (cal-
cifications in the wall) because of the risk of gallbladder cancer (5–10%).

4.1. Common clinical presentation of acute cholecystitis

Patients with mild symptomatic gallstone disease such as recurrent biliary colic or mild 
postprandial discomfort can develop in about 20% of cases acute cholecystitis. This path-
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ological evolution commonly is connected with obstruction by stones of gallbladder neck 
or cystic duct. The time duration of the obstructive condition (short or long time) can lead 
to decrease and resolution of inflammatory process or, on the contrary, to wall distension, 
impaired blood supply, ischemia, necrosis of gallbladder (severe cases 15–20%). In about 
50% of cases, commonly in the prolonged impairment of bile outflow from the gallbladder, 
bacterial infection adds to flogistic process. In acute cholecystitis, patients complain of severe 
pain in abdominal right upper quadrant and overall the clinical presentation is overlappable 
to biliary colic but the characteristic pain is on the contrary prolonged greater than 4–6 hours. 
Usually fever, nausea, anorexia, and vomiting join and the pain should be referred to right 
shoulder or back. Frequently the patients refer previous episodes of biliary colic, or fatty 
food ingestion few hours before the onset of colic. Clinical observation shows the suffering 
patient with fever, tachycardia, nausea, emesis, anorexia, and inhibition or diminution of the 
respiratory movement of right upper quadrant and epigastric area of abdominal wall. On 
physical examination can be seen right upper quadrant tenderness of varying degree and 
positive Murphy’s sign with increased discomfort and/or inspiratory arrest while, palpating 
right upper quadrant, the patient is invited to make deep inspiration. A positive sign shows 
sensitivity of 97% and specificity of 93% [17]. In some cases (about 30%), acute cholecystitis 
can develop discrete extension of inflammation outside gallbladder wall causing local perito-
nitis with involvement of omentum and adjacent organs that forms a flogistic mass, palpable 
in upper right quadrant. Leukocytosis is an almost constant laboratory finding characterized 
by the white cell count increase, connected with the severity of the disease.

4.2. Deceptions of clinical diagnosis of acute cholecystitis

Cholelithiasis is the most frequent cause of acute pancreatitis. Clinical diagnostic difficulties 
may arise in the context of acute biliary pancreatitis. The major clinical problem is to dis-
tinguish clinical forms of hyperamylasemia, associated with severe abdominal pain, physi-
cal signs of upper abdominal tenderness and guarding based on acute biliary tract disease 
(acute cholecystitis, cholangitis, etc.) from acute biliary pancreatitis with evident pancreatic 
involvement. In the context of acute biliary pancreatitis may merge acute abdominal dis-
eases different to each other; but they have in common hyperamylasemia and acute/severe 
upper abdominal pain and abdominal wall guarding. The correct diagnosis and distinction 
between moderate or severe acute biliary pancreatitis with hyperamylasemia, evident pancre-
atic involvement, severe upper abdominal pain/abdominal wall guarding, and acute biliary 
tract disease (cholecystitis, cholangitis, etc.) with hyperamylasemia, severe upper abdomi-
nal pain, abdominal wall guarding, minimal, or mild pancreatitis, allows to follow different 
therapeutic program overall in regard to timing of surgery [18]. Our aim is to define clinical 
and laboratory differentiation between these two clinical manifestation regarding the choice 
of therapeutic program. The presentation of consistent and appropriate experience should 
clarify some diagnostic difficulties, within the acute biliary pancreatitis, between two clinical-
pathological forms different but confusable. We have evaluated 42 patients admitted in our 
Institution in the period September 2012/September 2014. The admission diagnosis was acute 
pancreatitis, based on first basic clinical and laboratory evaluation. Demographic features: 
male 26, female 16, mean age 64 years (range: 89–27 years). Signs and symptoms of 42 patients 
at the admission are reported in (Figure 1).

Acute Cholecystitis: Diagnostic Pitfall and Timing of Treatment
http://dx.doi.org/10.5772/67549

27



In the first phase of the study, the patients have been divided by etiology of acute pancreatitis. 
The majority of cases (30 pts. 71%—Group A) shows biliary etiology, based on the detection 
with imaging study (US) of biliary lithiasis. In seven patients (Group B—16.6%), the clinical-
anamnestic criteria show the alcoholic etiology (prolonged alcohol abuse). The other five 
patients (Group C—11.9%) have been classified as acute pancreatitis patients with unknown 
etiology. The patients subdivided following the etiological criteria (Groups A, B, C) have been 
evaluated regarding to severity of disease with Ranson criteria, pancreatic involvement with 
CT severity index (Balthazar), and finally likelihood of biliary etiology with Blamey criteria 
using clinical and laboratory data (age, sex, amylase, alkaline phosphatase, ALT) [19–22]. The 
important section of this study concerns the biliary pancreatitis. Within 30 patients with ini-
tial diagnosis of acute biliary pancreatitis (Group A), we have identified two subgroup: the 
first subgroup A1 that encompasses 18 patients with acute biliary pancreatitis with moderate/
severe pancreatic involvement and the subgroup A2 that includes 12 patients with acute biliary 
disease and minimal pancreatic involvement based on transient hyperamylasemia. The aim of 
this subdivision and comparison is to identify, by laboratory and imaging study, two different 
clinical forms of acute pancreatitis: the pancreatic pattern (A1) and the biliary pattern (A2). 
The patients have been subdivided in three groups following the etiology criteria: biliary 
(Group A), alcoholic (Group B), and undefined pancreatitis (Group C). First, we can evaluate if 
there are differences among the groups of patients regarding clinical severity (Ranson score), 
degree of pancreatic involvement (CT severity index-Balthazar), and finally the likelihood of 
biliary etiology (Blamey score). The evaluation of clinical severity (Ranson score) between the 
group A (biliary) and group B (alcoholic) shows no differences with Student’s t-test: t = 0.1375 
< t0.05 = 1.6896. Because of the low number of cases in our groups, we have also employed the 
Kolmogorov-Smirnov test for the comparison of clinical severity (Table 1).

Figure 1. Frequency (%) of signs and symptoms in patients with diagnosis of acute pancreatitis.
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The results of the severity disease comparison (CT severity index) show that there are not 
statistically significant differences between group A versus group B and between group B ver-
sus group C. The comparison between group A versus group C shows also no differences 
(empirical p value < theoretical p value) even if in the group C there are mild pancreatitis and 
in group A there are severe pancreatitis. The comparison among the three groups of degree of 
pancreatic and extrapancreatic damage (CT severity index-Balthazar) demonstrates that, even 
in this area, there are not statistically significant differences (Table 2).

Finally the evaluation of the predictive accuracy of biliary etiology based on clinical data 
(Blamey score) among the three groups did not provide effective results for the early defini-
tion of the biliary etiology because of no statistical differences (Table 3).

Group Aa versus Group Bb D = 0.205 < D0.05 = 0.554

Group A versus Group Cc D = 0.634 < D0.05 = 0.640

Group B versus Group C D = 0.429 < D0.05 = 0.800

*Kolmogorov-Smirnov test.
aGroup A: biliary.
bGroup B: alcoholic.
cGroup C: undefined.

Table 1. Comparison of clinical severity between group A, group B, and group C*.

Group Aa versus Group Bb t = 0.4345 < t0.05 = 1.609

Group A versus Group Cc t = 0.2884 < t0.05 = 1.6939

Group B versus Group C t = 0.2006 < t0.05 = 1.8595

*Student’s t-test.
aGroup A: biliary.
bGroup B: alcoholic.
cGroup C: undefined.

Table 2. Comparison of CT severity index between group A, group B, and group C*.

Group Aa versus Group Bb t = 0.0568 < t0.05 = 1.6896

Group A versus Group Cc t = 0.9195 < t0.05 = 1.6924

Group B versus Group C t = 0.8594 < t0.05 = 1.8125

*Student’s t-test.
aGroup A: biliary.
bGroup B: alcoholic.
cGroup C: undefined.

Table 3. Comparison of Blamey score between group A, group B, and group C*.
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To identify the two subgroups A1 (pancreatic pattern) and A2 (biliary pattern) within the 
group A (acute biliary pancreatitis) have been used clinical features, laboratory, instrumental 
tests (imaging), therapeutical procedures employed. We have verified if there are statistically 
significant differences between group A1 and group A2 with respect to leukocytosis, amyla-
semia, bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline 
phosphatase, clinical severity score (Ranson), modified CT severity index (Balthazar). The 
purpose of the study is to identify clinical or instrumental criteria for detection of pancreatic 
pattern versus biliary pattern in acute biliary pancreatitis. In the statistical evaluation, leu-
kocytosis, amylasemia, and alkaline phosphatase did not show differences between the two 
groups. On the contrary, there are differences for bilirubin, AST, and ALT. The results of com-
parison, among subgroups A1 and A2, of clinical severity score (Ranson) and modified CT 
severity index (Balthazar) are different with statistical significance with Student’s t-test but not 
following Kolmogorov-Smirnov test (Table 4).

Finally, we have compared the results of clinical severity score and modified CT severity index 
respectively within the subgroup A1 (Figure 2) and subgroup A2 (Figure 3).

In the subgroup A1 (pancreatic pattern), the results of two scores are overlappable (covari-
ance = 0.000177 > 0). Otherwise in the subgroup A2, the data of the two scores are discordant. 
The results of this section of our study allow several considerations. First, we can identify 
in the group A (acute biliary pancreatitis) two subgroups: A1 (pancreatic pattern) and A2 
(biliary pattern). In the subgroup A2, the pancreatic involvement (valued with modified CT 
severity index) was mild (pancreatic edema); on the contrary, in the subgroup A1, the pan-
creatic damage was moderate/severe or severe (Grade C2, D3); the difference between the 
two groups is statistically significant with Student’s t-test not with Kolmogorof-Smirnov test. 
The clinical severity (Ranson score) was comparable in both groups and of middle level. 
The comparison of bilirubin, AST, ALT shows impairment significant in the subgroup A2; 
not significant the differences for amylasemia, leukocytosis, and alkaline phosphatase. The 
therapeutic program followed the indication of clinical evaluation. The first approach is 
based on medical treatment: fluid-electrolyte replacement, control of pain, nutrition, control 
of papillary flow and, if necessary removal of persistent papillary obstacle. Patients (18) with 

Student’s t-test Kolmogorov-Smirnov test

White blood cells t = 0.2918 < t0.05 = 1.7011 D = 0.22 < D0.05 = 0.500

Amylasemia t = 0.8754 < t0.05 = 1.7011 D = 0.203 < D0.05 = 0.500

Bilirubin t = 2.0192 < t0.05 = 1.7011 D = 0.72 < D0.05 = 0.500

AST t = 2.1664 < t0.05 = 1.7011 D = 0.67 < D0.05 = 0.500

ALT t = 8.7062 < t0.05 = 1.7011 D = 0.78 < D0.05 = 0.500

Phosphatase t = 0.6253 < t0.05 = 1.7011 D = 0.39 < D0.05 = 0.500

Ranson’s score t = 1.8477 < t0.05 = 1.7011 D = 0.363 < D0.05 = 0.500

Balthazar’s index t = 1.8585 < t0.05 = 1.7011 D = 0.416 < D0.05 = 0.500

Table 4. Comparison within acute biliary pancreatitis between subgroup A1 and A2 with Student’s t-test and Kolmogorov-
Smirnov test.
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pancreatic  pattern (subgroup A1), after initial medical treatment, followed by improvement 
of general conditions and pancreatic involvement, have been treated 7–10 days after onset 
of disease with cholecystectomy (13 pts.). In five patients with cholestatic index and persis-
tent CBD dilation was planned magnetic resonance cholangiopancreatography (MRCP) and 
endoscopic retrograde cholangiopancreatography (ERCP)/endoscopic sphincterotomy prior 
the cholecystectomy, delayed for few days but in the same hospital stay. All cholecystec-
tomies were performed with laparoscopic approach. On the other hand, patients (12) with 
biliary pattern (subgroup A2) because severe damage of general condition, imminent risk 
of developing severe sepsis, clinical/instrumental evidence of biliary inflammatory disease 

Figure 2. Correspondence between Ranson’s score (X) and Balthazar’s index (Y) in the A1 subgroup in acute biliary 
pancreatitis.

Figure 3. Correspondence between Ranson’s score (X) and Balthazar’s index (Y) in the A2 subgroup in acute biliary 
pancreatitis.
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within acute biliary pancreatitis, underwent emergency surgery (48 hours from onset). The 
intraoperative findings were acute cholecystitis (6), within two cases choledocolithiasis and 
cholangitis, in six cases gangrenous cholecystitis. In these patients was present pancreatic 
edematous impairment. The conversion rate of these procedures was 16.6% (2/12). In both 
subgroups, postoperative morbidity was Grade I and Grade II according to Clavien-Dindo 
criteria. In the subgroup A2, mortality rate was 8.3% (1/12) [23]. We can conclude that it 
seems possible to identify two types of acute biliary pancreatitis for which the therapeutic 
approach should be different. The pancreatic pattern characterized by preeminent pancreatic 
involvement requiring conservative treatment following the severity and evolution of pan-
creatitis; not delayed cholecystectomy, control, and treatment of papillary obstacle if present, 
prolonged control of pancreatic and peripancreatic fluid-necrotic collections, and so on. The 
biliary pattern is characterized by persistent, severe acute biliary tract disease, accompanied 
by mild or moderate acute biliary pancreatitis. This clinical-pathological condition should 
undergo urgent surgical intervention to treat the septic-inflammatory disease (acute chole-
cystitis, cholangitis, etc.).

5. Pathological features of acute cholecystitis

Acute cholecystitis can develop some inflammatory complications that give rise to severe patho-
logical conditions, gangrenous cholecystitis, gallbladder empyema, emphysematous cholecysti-
tis, perforation of gallbladder, cholecystoenteric fistula, and gallstone ileus. These complications 
are life-threatening with risk of severe sepsis and septic shock evolution, peritonitis, and so on; it 
is mandatory urgent surgical procedure. Gangrenous cholecystitis is a very dangerous compli-
cation because of the difficulty of preoperative detection. Gangrene is the development of wall 
phlogosis, impaired blood supply, wall ischemia, gangrene; the final development of this compli-
cation can be the perforation. Gangrene is not frequent complication and perforation can occur 
in 5–10% of these patients. Gangrene as complication of acute cholecystitis occurs frequently in 
patients with compromised clinical conditions: diabetes, trauma, severe burns, prolonged TPN 
and stay in intensive care unit, cardiac surgery. Frequently perforation is localized in a circum-
scribed peritonitis, characterized by pericholecystic abscess limited with omentum and surround-
ing organs. Free perforation causes generalized peritonitis, accompanied by severe impairment 
of clinical course such as abdominal wall guarding, fever, increase of leukocytosis, start of severe 
sepsis and septic shock. Gallbladder empyema results as pus collection in the gallbladder because 
of bacterial overgrow. Obviously, the septic site can initiate severe sepsis and septic shock. The 
clinical picture is severe with abdominal pain in upper right quadrant, leukocytosis, fever, and 
tachycardia. Initial medical treatment with broad-spectrum antibiotics must be followed by 
urgent cholecystectomy. In the emphysematous cholecystitis is added the superinfection of gas-
forming organisms (Clostridium Welchii, Escherichia coli, Klebsiella, etc.) [24]. This complication is 
uncommon and usually develops in males, old and diabetics patients. The most frequent evolu-
tion of gallbladder wall emphysema (75% of cases) is gangrene and perforation. Clinical course 
develops severe sepsis and septic shock. Imagine exams (CT scan) show gas in the gallbladder 
wall. Emergency surgery should be the correct treatment.
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Cholecystoenteric fistula can be due to dual pathogenesis: long-standing pressure necro-
sis by large stones and flogistic adhesion of gallbladder wall with adjacent hallow organs, 
followed by pathological communication. Most frequent communications are with duo-
denum (70–85%) and right flexure of the colon (15–20%) [25]. Cholecystoduodenal fis-
tula allows the passage into the small intestine of gallstones, usually of large size that 
cause decubital effect. The stone progress in small intestine and in the narrowest part, 
frequently ileum, stops and determines mechanical obstruction, that is gallstone ileus 
(about 15% of patients with cholecystoenteric fistula). Clinical course of gallstone ileus 
develops as common intestinal obstruction. In the past decades, this clinical condition 
appeared in the characteristic way: acute cholecystitis treated with medical therapy, 
in 7–10 days improvement of signs and symptoms (decompression of the gallbladder 
because the fistula forms), in the following several days appearance of clinical features 
of intestinal obstruction (gallstone ileus). In the therapeutic program, the first step is the 
resolution of intestinal obstruction by enterotomy and stone removal. The treatment of 
 cholecystoduodenal  fistula should be performed in the same time or delayed for impaired 
general conditions of patients.

In the uncomplicated cholecystitis, usually there are no increase of serum total and direct 
bilirubin and alkaline phosphatase (cholestasis indexes). If the signs of cholestasis occur, 
may be due to choledocolithiasis, cholangitis, or the Mirizzi syndrome. There are two 
types of Mirizzi syndrome: in type I, a large stone blocked in the cystic duct and in the 
Hartmann’s pouch of gallbladder compresses the common bile duct but without fistula 
between gallbladder and common hepatic duct. In the type II, due to necrosis of wall 
of common hepatic duct, there is a fistula with various degrees of defect of hepatic duct 
wall and presence of stone in hepatic duct. The first type can be treated with “partial” 
cholecystectomy and repair of bile duct with T-tube. The type II requires more complex 
procedure with complex dissection and hepaticojejunostomy. On the other hand, there are 
patients, in course of acute cholecystitis, with mild increase of amylase, AST, ALT, biliru-
bin caused by papillary passage of sludge, pus, and cholesterol crystals [26]. Moreover 
in several cases because transient papillary obstruction during transpapillary passage of 
small stones, can occur elevation of serum transaminase levels (AST, ALT), so called “gall-
stone hepatitis” [27].

6. Imaging studies in acute cholecystitis

6.1. Plain radiography

Plain radiography is not very useful to confirm the diagnosis of acute cholecystitis. In few 
cases, it may detect biliary disease such as biliary stones (only 10–15% of stones contain cal-
cium enough to be radiopaque), gallbladder wall calcified, pneumobilia; but unfortunately, 
these findings are not diagnostic for acute cholecystitis. The role of plain radiography remains 
crucial in any acute abdomen to rule out some pathological condition such as perforated hol-
low organs (pneumoperitoneum), and intestinal obstruction (air fluid levels).
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6.2. Ultrasonography

Transabdominal US should be employed as completion of clinical examination in patients with 
abdominal pain. It is very important to define accurately the reliable data that the US can pro-
vide in different diseases that can cause an acute abdomen. The US can detect gallstones (acous-
tic shadowing behind to the stones) with sensitivity of 84% and specificity of 99% [28–30]. We 
have to remember some features that US can highlight such as mobile gallstones in the gallblad-
der, polyps, small stones attached to the wall, very small stones without acoustic shadow, and 
the fluid absence around the gallstones that make difficult their detection. Finally, there are 
also some false negative exams with US that range from 5 to 15% in acute cholecystitis [31, 32]. 
More crucial for the diagnosis of acute cholecystitis are the gallbladder wall edema or pneuma-
tosis (“double wall sign”) and wall thickening; both features of inflammation condition. US can 
detect bile duct dilation and also the site of obstacle if present. The US can add some information 
about pericholecystic fluid collection or inflammatory mass in upper right abdominal quadrant 
but the complete definition of these findings should be obtained by CT scan.

6.3. Abdominal computed tomography

CT scan has limited role in the diagnostic confirmation of uncomplicated acute cholecystitis 
because the same information and sensitivity of US (presence of gallstones, gallbladder wall 
thickening, dilation of CBD). On the contrary, CT scan is crucial in the diagnostic definition of 
complications such as pericholecystic fluid, gallbladder empyema, emphysematous gangrene, 
perforation, limited peritonitis with inflammatory mass, intrahepatic and extrahepatic bile 
duct dilation, choledocolithiasis, concomitant pancreatitis, hepatic lesions.

6.4. Magnetic resonance imaging

Magnetic resonance imaging (MRI) as CT scan is of little help in the diagnosis of simple acute 
cholecystitis. On the other hand, MRI is very sensitive in detecting the morphology of biliary 
tract, gallstones, and bile duct stones. Moreover, it is a noninvasive technique in the study of 
intra- and extrahepatic biliary ducts [33, 34]. Cholescintigraphy, noninvasive test, allows ana-
tomic and functional evaluation of liver, gallbladder, bile duct. This nuclear medicine exam 
uses intravenous injection of hepatic 2, 6-dimetyl-imidodiacetic acid (HIDA) that is rapidly 
excreted in the bile. Cholescintigraphy allows the functional evaluation of hepatic ability to 
extract the radionuclide, the flow into the biliary ducts and gallbladder and finally the passage 
into the duodenum within 30–60 min. In the acute cholecystitis, cystic duct obstruction by 
stones prevents to visualize the gallbladder; also, stones in the common bile duct or papillary 
obstacle prevent the passage of radionuclide into the duodenum. The sensitivity and specific-
ity of HIDA test in detecting acute cholecystitis reach 90–95% [35]. In our experience, we do not 
have used this exam that nowadays is less frequently used.

7. Treatment

The first approach in patients with acute cholecystitis includes fluid resuscitation, analgesia, 
suspension of oral intake, nasogastric tube, broad-spectrum antibiotics. This therapeutic scheme, 
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while widely shared, may subject to small variations in timing of each therapeutic measures 
and in the choice of the antibiotic. Should be discussed the use of nasogastric tube if it can be 
employed widely at the onset of the disease or selectively in case of nausea, vomiting, abdominal 
distention. Control of abdominal pain is an essential therapeutic target. For this purpose, nonste-
roidal anti-inflammatory drugs are widely used for analgesia. These drugs inhibit the activity of 
cyclooxygenase 1 and 2 (COX-1 and COX-2) with critical reduction of prostaglandins formation. 
Prostaglandin E2 plays protective role on epithelial cells of gallbladder by secreting mucin; its 
reduction decreases this mucin production and consequently the distention of gallbladder wall. 
The therapy with a single broad-spectrum antibiotic can be correct for mild or moderate acute 
cholecystitis. In the severe cases should be used more selective antibiotics such as imipenem/
cilastatine, third-generation cephalosporine and metronidazole. Bacteria present in acute cho-
lecystitis are frequently Escherichia coli, Enterococcus, Klebsiella, and so on. In the treatment of 
acute cholecystitis, cholecystectomy plays the central role as standard management. This state-
ment seems seemingly plain and without controversies. There are in the literature several points 
of wide discussion in which we will report also our experience. The timing of the intervention is 
very important topic: the choice between early and delayed cholecystectomy with various opera-
tive outcomes. The first item to make is to define “early intervention.” Within acute cholecysti-
tis, there are several clinical pathological conditions that are the evolution of the inflammatory/
septic process, from mild to severe, life-threatening forms. The reasonable options, always in 
urgent approach, can vary from emergency to intervention within 24–48–72 hours (early proce-
dures). Another consideration adds uncertainty in the choice of timing of intervention because 
the dissection difficulties of inflamed operative site, with the possible increase of intraoperative 
morbidity that can be very severe in both approaches, laparoscopic and open [36].

In our experience about cholecystectomy morbidity, in the group which includes also the acute 
cholecystitis, we have compared the outcomes in two following periods: first period 2006–2008 
and second period 2009–2011. Total morbidity in the second following period was markedly 
reduced from 18.5 to 9.96% (p = 0.009). With regard to morbidity by incomplete preoperative 
evaluation and surgical error, we have defined some criteria to increase the control and pre-
vention: acceptable general anesthesia, clear visibility of surgical site, optimal exposition of the 
hepatic hilum and its structure, control of possible anatomical variations, finally convertion to 
open cholecystectomy if necessary [37]. Employing, since 2002, of antegrade dissection in lapa-
roscopic cholecystectomy as standard technique allows reduction in intervention time (mean 
operative time 40 min) and decrease of the conversion rate (from 3.4 to 0.8%) in the comparison 
with common retrograde approach [38]. Minor postoperative morbidities as wound infections 
can be prevented following correct criteria of medications. In our experience, topical antibiotic 
application may reduce surgical wound infection in umbilical site after laparoscopic cholecys-
tectomy [39]. Concerning the subhepatic collections, in our opinion, the common use of sub-
hepatic drainage after cholecystectomy for acute cholecystitis enables the correct drainage of 
serous and/or serohematic secretions usually present in the first days in inflamed surgical site.

There are in the literature several reviews regarding the timing of early or delayed cholecystec-
tomy and the comparison of its operative morbidity. Tokyo guidelines suggest a therapeutic 
program for acute cholecystitis based on precocious severity assessment as guide for treatment 
choices. Mild acute cholecystitis should undergo early laparoscopic cholecystectomy, within 
72 hours from onset with possible improvement of other medical problems. For moderate 

Acute Cholecystitis: Diagnostic Pitfall and Timing of Treatment
http://dx.doi.org/10.5772/67549

35



forms also should be performed early cholecystectomy with laparoscopic or open approach 
(conversion to open following difficult dissection). Severe acute cholecystitis can show, in 
addition, damage of general conditions (organ dysfunction) which needs to treat. For these 
clinical-pathological conditions, urgent surgery is necessary: the type of surgical procedures 
is connected with pathological findings such as gangrenous or perforated cholecystitis, local 
or generalized peritonitis, involvement of adjacent organs. The urgent procedures vary from 
cholecystecyomy to cholecystostomy, percutaneous gallbladder drainage, and so on. The revi-
sion of Tokyo guidelines [40] confirms the first choice of laparoscopic early cholecystectomy 
but without the exact definition of time of precocious intervention. We can underline that in 
the Tokyo guidelines is reported also the elective cholecystectomy, in all degree of severity, 
after improvement of the acute inflammatory process [41–43]. Nevertheless, another confir-
mation of the validity of early cholecystectomy, within 24 hours, regarding minor morbidity 
and lower cost, has been presented by Gutt CN [44]. More selective criteria have been used in 
order to bind the study of patients with acute cholecystitis excluding very severe forms (need 
of intensive care admission, urgent cholecystostomy, etc.) by Canadian Researchers. They 
employed a population-based analysis (20,000 patients—period 2004–2011) for comparison of 
operative outcomes of early and delayed cholecystectomy [45].

This study showed, in the comparison of delayed cholecystectomy, that early cholecystectomy 
in the treatment of acute cholecystitis was associated with a lower risk of major bile duct injury, 
of operative mortality, of postoperative (30 days) mortality (respectively 1.36 and 0.46%) and 
finally a shorter hospital stay. It is also demonstrated almost same conversion rate between 
early and delayed laparoscopic cholecystectomy. Obviously early cholecystectomy put in a 
safe place for risk of recurrent gallstone disease. Similar results have been reported from other 
studies: early laparoscopic cholecystectomy (performed within 48 hours) is associated to bet-
ter postoperative outcomes with lower morbidity and hospital stay [46, 47]. A very interesting 
French study evaluated the choice for optimal timing for early cholecystectomy [48]. Patients 
with acute cholecystitis from the French National Health Care database have been studied: 
42,452 patient—507 hospitals—period 2010–2013. The exam of the literature shows the thera-
peutic indication of early laparoscopic cholecystectomy as standard procedure for acute chole-
cystitis. Nevertheless, with exception for urgent surgery indications (sometimes with various 
procedures) in case of very severe cholecystitis as perforated, gangrenous forms with local or 
generalized peritonitis, the time of “early surgery” is not well defined. Polo et al. in this study 
show that the optimal time for laparoscopic cholecystectomy in acute cholecystitis is between 
the first and third day after hospital admission. In this time interval is recorded lower risk 
of mortality and lower morbidity: common bile duct injury, reoperation rate, postoperative 
sepsis, conversion rate, and finally minor length of hospital stay and cost. The definition of 
best time for surgical procedure always has an element of uncertainty because it is very dif-
ficult to report the onset of the symptoms and is instead reported the hospital admission. To 
assess the significance of this inaccuracy is very difficult. Moreover, this study report also not 
negligible morbidity and mortality (range from 0.8 to 1.4%) for the patients treated within 
the first 24 hours. This particular result, in our opinion, proves the need, also in the program 
of early cholecystectomy, of a brief time interval for supportive therapy, and resuscitation to 
improve the general condition in patients with severe cholecystitis and septic complications. 
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It is evident in the recent literature that the first, preferred choice for acute cholecystitis is the 
laparoscopic approach with conversion rate ranging from 10 to 15%. The first choice of the 
open approach should be limited to peritonitis, perforated chilecystitis but always as personal 
choice, that cannot be standardized. In the setting of the therapy of acute cholecystitis, we can 
propose the presentation of a series of consistent clinical cases, observed and treated in our 
Institution in the period September 2014–September 2016, to show our treatment program. In 
the chosen period, we have treated 42 patients with acute cholecystitis. Demographic data are 
the following: male 45.2% (19/42), female 54.7% (23/42), mean age 59.6% (range: 20–87 years). 
Furthermore, we have recorded the pathological features of the patients (Table 5).

Therapeutic program in severe cholecystitis with complications, characterized by severe 
morbidity and mortality, demands ready surgical intervention. In our patients with severe 
acute cholecystitis (38%), prompt surgery was performed few hours after hospital admis-
sion; two patients needed preoperative intensive care and they were treated within 24 hours. 
The patients with acute cholecystitis were treated with laparoscopic early cholecystectomy 
performed within 72 hours (range: few hours–72 hours) based on the needs of preoperative 
treatments related to comorbidities. All these interventions start with laparoscopic approach 
and the conversion rate was 21% (9/42). Postoperative outcomes were characterized by minor 
morbidity, no mortality and the postoperative hospital stay was in mean 4.2 days (range: 2–14).

Laparoscopic cholecystectomy for acute cholecystitis, because of the inflammation and severe 
pathological involvement in the operative site, can be in most cases a “difficult cholecystec-
tomy.” Our experience and other from the literature have shown that laparoscopic difficult 
cholecystectomies for acute cholecystitis are safe and effective and are associated with lower 
incidence of minor and major postoperative complications, moreover with several advan-
tages as less respiratory infections, shorter postoperative course, and shorter hospital stay. 
Laparoscopic approach decreases some complications of laparotomy as infections, dehiscence, 
and laparocele [49–51].

There is an impending risk of lesions of common bile duct during cholecystectomy for acute 
cholecystitis. The adoption of an operating procedure that puts at minor risk biliary duct 
lesions should be proposed. Gallbladder antegrade dissection is an operative procedure 
employed also in the past for open cholecystectomy. This well-known type of dissection has 
been proposed in the laparoscopic approach. Several data from the literature demonstrate the 

Acute cholecystitis 26

Severe cholecystitis 16

Hydrope (2/16)

Emphysematous (3/16)

Gangrene/perforation (7/16)

Patients 42

Table 5. Pathological features in acute cholecystitis (September 2014–September 2016).
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frequent use of this operative procedure in difficult cholecystectomy because of acute flogosis 
and the decrease in conversion rate to open with antegrade dissection [52, 53].

In our study, we have compared postoperative results of two groups of patients submitted 
to antegrade dissection and retrograde dissection in laparoscopic approach [54]. This study 
shows that antegrade dissection in laparoscopy for acute cholecystitis with phlogosis of 
Calot’s triangle is safer procedure in comparison to retrograde approach, seems to reduce the 
operative time, and should significantly decrease the risk of intraoperative complications such 
as common bile duct injury and hemorrhages. In our opinion, confirmed by more recent expe-
rience, antegrade dissection may be proposed as a standard procedure of cholecystectomy and 
not only for interventions in the acute cholecystitis [38].

Moreover, there are some specific problems related to urgent cholecystectomy in cirrhotic 
patients. Cholelithiasis in cirrhotics occurs twice as often in the general population with a 
reported incidence of 9–13% versus 5% in non-cirrhotic patients [55]. Major incidence of cho-
lelithiasis is due to several factors with various pathogenesis: hypersplenism, increased level 
of estrogen, increased intravascular hemolysis, reduction in gallbladder emptying, and motil-
ity. In our experience, published some years ago [56], this epidemiologic characteristic was 
confirmed. In this study, we have evaluated 65 cirrhotic patients with symptomatic gallstone 
disease treated with laparoscopic cholecystectomy in the decade 2002–2012. This group of 
patients has been compared with 81 non-cirrhotic patients with symptomatic gallstone dis-
ease, no significant morbidity and no significant differences in demographic data, and under-
went laparoscopic cholecystectomy in the period October 2011–May 2012. Within the group 
of non-cirrhotic patients, the incidence of acute cholecystitis was 13.5% (11/81) and there are 
not further complications; on the contrary, in the cirrhotic group, the incidence of acute cho-
lecystitis reached 27.6% (18/65) with several complications such as 1 cholangitis, 2 gallbladder 
hydrops, 2 gallbladder empyema, 3 gangrenous cholecystitis. The cohort of cirrhotics evalu-
ated by Child-Pough classification shows 43 patients in A score (66.2%), 19 in B score (29.2%), 
and three patients in C score, medically treated preoperatively and reclassified in B8 score. 
Cirrhotic patients have undergone cholecystectomy: six with open approach as first choice, 
59 with laparoscopic procedure with conversion rate 20.3%. The comparison of the results 
between the two cohorts of patients has been evaluated (Table 6).

In this experience, laparoscopic cholecystectomy morbidity in cirrhotic patients is slightly 
increased compared to non-cirrhotics. Moreover, postoperative morbidity in cirrhotic patients 
is minor on the whole with laparoscopic approach than open procedure. Cholecystectomy 
in cirrhotic patients is associated with non-negligible rate of morbidity and mortality. The 
more frequent complications are blood loss, postoperative liver failure, and sepsis [57, 58]. 
Postoperative liver failure is due to the anesthetic agent’s action, which decrease hepatic arte-
rial blood flow (the ability of cirrhotic patients to compensate for this ischemia is impaired) [59]. 
Diminished Kupffer cell function leads to reduced clearance of the enteric organisms, endo-
toxinemia, and risk of infection in cirrhotic patients. The increased risk of bleeding is related 
to reduced prothrombin time, thrombocytopenia, and portal ipertension. Finally, patients 
can have a gallbladder with a significant intrahepatic component due to atrophy of the right 
hepatic lobe and a hypertrophic left lobe with more difficulties for intervention [55, 60–62].
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The last evolution in the surgical treatment of acute cholecystitis is the robotic approach. On 
the whole, the main advantages of robotic surgery can be realized in some phases of complex 
laparoscopic procedures requiring high dexterity and best visualization. In this perspective, 
robotic approach for cholelithiasis and later for acute cholecystitis should be the start of valu-
able learning curve for robotic advanced skills in general surgery. Our experience in the field 
of gallbladder lithiasis confirms the safe feasibility of robotic approach that requires the use 
of standardized procedures. The obvious purpose of this approach, however, in the chole-
cystectomy, is the improvement of the technical skills in advanced and more complex robotic 
assisted surgical procedures [63]. The comparison of the results of laparoscopic versus robotic 
cholecystectomy proves the complete equivalence between both the procedures regarding of 
safety and feasibility in all types of gallbladder’s pathology. In particular, acute cholecystitis 
can be treated with robotic-assisted approach showing postoperative overlapping outcomes 
with symptomatic gallstones disease [64]. On the contrary, the data from a study based on 
the literature search with randomized controlled trials and population-based analyses shows 
that the advantages of current use of robotic surgery in cholecystectomy are not provable [65].

8. Conclusions

Acute cholecystitis encompasses clinical forms with various degree of severity and several 
cases (8–10%) present pathological findings that can make the operative site a surgical chal-
lenge, very difficult to treat. Indeed the laparoscopic approach, worldwide more common 

VLC (47) Open (6) Converted (12)

Operative time (minutes) 88.9 141 149 85

Hospitalization (days) 4.8 9.1 8.1 3.2

Conversion rate 20.34% - - 3 (3.7%)

Mortality - - - -

Blood transfusion in peri-operative time 2 (4.2%) 1 (16.6%) 2 (16.6%) -

Blood products transfusion in peri-
operative time

7 (14.9%) 1 (16.6%) 4 (33.3%) -

Hemoperitoneum 1 (2.12%) - - -

Reintervention 1 (2.12%) - - -

Pleural effusion - - 2 (16.6%) -

Pulmonary condensation - - 1 (8.33%) -

Trombocytopenia - - 1 (8.33%) -

Atrial fibrillation - - 1 (8.33%) -

Incisional hernia on umbilical port site 4 (8.51%) - - 2 (2.46%)

Table 6. Peri- and postoperative morbidity outcomes in cirrhotics (65) and in control group (81).
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choice in the treatment of acute cholecystitis, presents significant conversion rate to open pro-
cedure (10–15%). Furthermore, besides more common clinical, laboratory, and instrumental 
features of acute cholecystitis, there are some diagnostic pitfalls, such as the biliary pattern that 
should be distinguished from the pancreatic pattern in the field of acute biliary pancreatitis. 
The treatment is focused on early laparoscopic cholecystectomy well defined usually within 
24–72 hours. Nevertheless, severe, complicated acute cholecystitis can require urgent surgical 
intervention. Finally should be evaluated some particular components of a complex clinical 
problem such as laparoscopic antegrade dissection in acute cholecystitis to allow minor risk 
of biliary duct lesions, the control of the specific problems related to urgent cholecystectomy 
in cirrhotic patients, and finally the possible future increased use of robotic approach in the 
treatment of acute cholecystitis.
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choice in the treatment of acute cholecystitis, presents significant conversion rate to open pro-
cedure (10–15%). Furthermore, besides more common clinical, laboratory, and instrumental 
features of acute cholecystitis, there are some diagnostic pitfalls, such as the biliary pattern that 
should be distinguished from the pancreatic pattern in the field of acute biliary pancreatitis. 
The treatment is focused on early laparoscopic cholecystectomy well defined usually within 
24–72 hours. Nevertheless, severe, complicated acute cholecystitis can require urgent surgical 
intervention. Finally should be evaluated some particular components of a complex clinical 
problem such as laparoscopic antegrade dissection in acute cholecystitis to allow minor risk 
of biliary duct lesions, the control of the specific problems related to urgent cholecystectomy 
in cirrhotic patients, and finally the possible future increased use of robotic approach in the 
treatment of acute cholecystitis.
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Abstract

Gallbladder cancer (GBC) is the most frequent malignancy of the biliary tract, represent-
ing about 85–90% of the cancers involving this anatomical district; it is characterized 
by high mortality rates with less than 10% of the sufferers surviving more than 5 years. 
Extensive scientific research is needed in order to identify biomarkers for early diagnosis, 
improve the treatment options available, and assess new effective therapies. Consistent 
improvements have been made in recent years in the field of noncoding RNAs. More than 
90% of the human genome is constituted by a noncoding portion that actively transcribes 
an enormous and complex amount of RNA, while only approximately 2% represents 
the coding genes. Noncoding RNAs are divided into two categories in accordance with 
their dimensions: small RNAs, which are made by less than 200 nucleotides, and long 
RNAs, which are bigger. MicroRNAs (miRNAs) and long noncoding RNA (lncRNAs) 
are the main subclasses, respectively, which concentrate consistent scientific efforts in 
recent times with promising results in several diseases, including cancer. In this review, 
we summarize the roles of miRNAs and lncRNAs in gallbladder cancer pathophysiology 
and their possible translational implication in the diagnosis and treatment of this aggres-
sive disease.

Keywords: biliary tract, gallbladder, cancer, long noncoding RNA, lncRNAs, miRNAs

1. Introduction

Gallbladder cancer (GBC) is the most frequent malignancy of the biliary tract, representing 
about 85–90% of the cancers involving this anatomical district. Furthermore, it is the main 
cause of death among biliary tract tumors [1]. More than 76,000 cases of gallbladder cancer 
have been estimated worldwide in 2012; two thirds were registered in less developed areas of 
the globe [2]. At the same time, more than 60,000 deaths were estimated worldwide, evidencing  

© 2017 The Author(s). Licensee InTech. 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.



that incidence and mortality rates are very close [2]. Indeed, the absence of specific clinical 
manifestations in the early stages of the disease, along with the lack of specific biological 
markers, makes the prompt diagnosis challenging, and a great part of the patients presents 
with advanced stage local or metastatic lesions. Most of those who receive surgery, chemo-
therapy, and/or radiotherapy develop early recurrences or do not respond to treatments; 
as a result, the overall survival is poor, with less than 10% of the sufferers surviving more 
than 5 years [3]. This makes necessary further scientific efforts in order to identify trustful 
biomarkers for early diagnosis, improve the treatment options available, and assess new 
effective therapies.

Interesting developments were made in recent years in the study of noncoding RNAs 
(ncRNAs) and their involvement in cancer development, growth, and dissemination. Results 
of the human genome project and other next-generation sequencing studies evidenced that 
the approximately 20,000 protein-coding genes represent approximately 2% of the human 
genome, while more than 90% is made by a noncoding portion that actively transcribes an 
enormous and complex amount of RNA [4]. This part of the transcriptome has been called 
“dark matter” in the past because it has been interpreted as transcriptional debris; neverthe-
less, recent advantages confirmed that this huge amount of ncRNA displays numerous roles 
in the normal cellular biology, as well as in many pathological processes.

The group of ncRNAs is commonly divided into two further categories, according to their 
size. The first one includes small ncRNAs, like the recently discovered microRNAs (miRNAs), 
small interfering RNAs (siRNAs), small nucleolar RNAs (snoRNAs), and others, in addition to 
the classical cellular RNAs (ribosomal, transfer, and other RNAs). miRNAs are RNAs approx-
imately 22 nucleotides long, which function as intricate components of cellular networks 
involved in the specific regulation of both protein-coding and noncoding genes, generally by 
posttranscriptional silencing [5, 6]. The Figure 1 summarizes the main types of ncRNAs cur-
rently known. Noncoding RNAs greater than 200 nucleotides represent the remaining cate-
gory, including molecules defined long noncoding RNA (lncRNAs). This merely dimensional 
definition of lncRNAs has some limitations, like the arbitrary cutoff value and the real protein 
coding potential, and this reflects the complexity of this group of molecules [7].

Figure 1. According to the length of RNA chain, RNA molecules of the human genome can be classified in small RNA 
and long RNA. Generally, small RNAs are shorter than 200 nucleotides (nt) in length, while long RNAs are made 
by more than 200 nt. Long RNAs, also called large RNAs, include mainly the long noncoding RNAs (lncRNAs) and 
the messenger RNA (mRNA). Small RNAs mainly include ribosomal RNA (rRNA), transfer RNA (tRNA), microRNAs 
(miRNAs), small-interfering RNAs (siRNAs), small-nucleolar RNAs (snoRNAs), piwi-interacting RNAs (piRNAs), 
tRNA-derived small RNAs (tsRNAs), and small rDNA-derived RNAs (srRNAs).
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2. MicroRNAs in gallbladder cancer

MicroRNAs (miRNAs) are endogenous noncoding RNAs that bind to the 3’ untranslated 
region (UTR) of a target messenger RNA (mRNA), specifically in a sequence called miRNA 
recognition element (MRE), which can be fully or partially complementary. They are essen-
tial posttranscriptional regulators of multiple genes and determine the function of the cells 
under physiological and in several pathological conditions. Since 1993, when they were dis-
covered, hundreds of miRNAs have been characterized, and they are being widely studied 
as an important biological compound with promising prospects as diagnostic and prognostic 
biomarkers and as therapeutic targets. A number of studies on the roles of several miRNAs in 
the pathogenesis of GBC have been recently published; numerous miRNAs exhibit expression 
changes, with most of them being upregulated in neoplastic cells and tissues, and further evi-
dences confirmed their biological effects as either oncogenes or tumor suppressors (Table 1).

2.1. Onco-suppressor miRNAs in gallbladder cancer

Ten different miRNAs have been demonstrated to have onco-suppressive properties in recent 
studies (Table 1). miRNA-1 and miRNA-145 were analyzed in a study in which a significance 
analysis of microarrays (SAM) algorithm was employed to identify a set of 36 miRNAs consis-
tently downregulated in GBC compared to normal gallbladder tissue. The real time (RT-PCR) 

miRNA Main effect Interactions References

miRNA-1 Onco-suppressor VEGF-A and AXL [8]

miRNA-145 Onco-suppressor AXL [8]

miRNA-135a-5p Onco-suppressor VLDLR [9]

miRNA-26a Onco-suppressor HMGA2 [10]

miRNA-34a Onco-suppressor PNUTS [11]

miRNA-355 Onco-suppressor [12]

miRNA-130a Onco-suppressor HOTAIR, cMyc [13]

miRNA-218-5p Onco-suppressor BMI1, CCT1 [14]

miRNA-146b-5p Onco-suppressor EGFR [15]

miRNA-143 Onco-suppressor [16]

miRNA-155 Oncogenic [19]

miRNA-20a Oncogenic Smad7 [17]

miRNA-182 Oncogenic CADM1 [18]

miRNA-21 Oncogenic PTEN [20]

miRNA-187 Oncogenic [21]

miRNA-122 Oncogenic [21]

Table 1. The miRNAs most studied in gallbladder cancer.
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analysis confirmed the statistically significant reduced expression of miRNA-1 and miRNA-
145 in tumors and GBC cell lines [8]. The ectopic expression of miRNA-1 and miRNA-145 in 
NOZ cell lines of GBC significantly repressed cell viability and colony formation, while only 
miRNA-1 reduced gene expression of known oncogenes, such as the vascular endothelial 
growth factor A (VEGF-A) and AXL receptor tyrosine kinase (AXL), suggesting that these 
miRNAs act as tumor suppressors in GBC [8].

Also miRNA-135a-5p has been demonstrated to be an onco-suppressor in gallbladder cancer. 
Its levels have been found to be significantly downregulated in GBC tissues and were corre-
lated with the histological grade of the tumors [9]. Furthermore, the transfection of a miRNA-
135a-5p mimetic inhibited proliferation and colony formation of GBC cells by G1/S phase 
cell-cycle block; lentivirus-mediated overexpression of miRNA-135a significantly reduced the 
proliferation of GBC cells. In addition, xenografts from miRNA-135a–infected cells in nude 
mice were significantly smaller compared to controls [9]. These evidences suggested the onco-
suppressive role of this miRNA in GBC.

Also, miRNA-26a has a similar role. The expression of miRNA-26a was associated with the 
pathological stage of GBC in a recent study, which also demonstrated that miR-26a con-
tributed in reducing neoplastic cell proliferation. The authors found that the introduction 
of high-mobility group AT-hook 2 (HMGA2), whose expression is inversely related to the 
levels of miRNA-26a, eliminated its effect on GBC cells [10]. In other words, the alterations 
of neoplastic cell proliferation induced by miRNA-26a in GBC appear to be intermediated by 
HMGA2 [10].

In another recent article, the levels of miRNA-34a and the telomere length were evalu-
ated in 77 GBCs and 36 peri-tumoral tissues by RT-PCR [11]. The study evidenced a sig-
nificantly reduced expression of miRNA-34a and longer telomere length in GBC tissues. 
Furthermore, it was found that the reduced expression of miRNA-34a was a negative 
prognostic factor. Remarkably, induced overexpression of miRNA-34a in vitro reduced the 
colony-forming capacity of GBC stem-like cells and repressed xenograft neoplastic growth 
in vivo [11].

The reduced expression of miRNA-335 has been found to be associated with aggressive clini-
cal and pathological properties of GBC, specifically with high histologic grade, advanced 
clinical stage, and positive lymph node metastasis [12]. Furthermore, a reduced expression of 
miRNA-335 in GBC patients was associated with poor prognosis [12].

Also, miRNA-130a was found to be significantly downregulated in cancer tissues, compared 
with adjacent normal tissues; furthermore, its levels were negatively correlated to a lncRNA, 
HOX transcript antisense RNA (HOTAIR), which has been shown to be correlated with the 
metastatic progression of several carcinomas, and as a consequence, to be a negative prognos-
tic factor [13]. We will return in this interaction later in this chapter, talking about lncRNAs 
in gallbladder cancer. A similar interaction is also displayed between miRNA-218-5p and 
lncRNA CCT1; the later negatively regulates miRNA-218-5p which, in turn, inhibits GBC cell 
invasion, migration, and proliferation by targeting the B-cell–specific moloney murine leuke-
mia virus integration site 1 (Bmi1) [14].
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The expression level of miRNA-146b-5p was similarly downregulated in GBC tissues com-
pared with that in adjacent healthy tissues and was significantly correlated with tumor size 
and development in a study published by Cai et al. [15]. Moreover, high levels of miRNA-
146b-5p in gallbladder neoplastic cells repressed malignant growth by provoking apoptosis 
and G1 phase cell-cycle block. In addition, the authors established that the amounts of epi-
dermal growth factor receptor (EGFR) mRNA and those of miRNA-146b-5p were inversely 
related; this led them to the conclusion that EGFR can be considered as a mediator of the 
oncologic functions of miRNA-146b-5p in GBC [15].

Finally, miRNA-143 was found to be downregulated in studies performed by miRNA micro-
array analysis in GBC tissues, in comparison to adjacent healthy tissues [16]. Using blood 
samples from 40 GBC patients and healthy volunteers, the aberrant expression pattern of 
miRNA-143 was confirmed, and it was also evidenced that its expression levels were corre-
lated with lymph node metastasis and the pathological TNM stage of the disease.

2.2. Oncogenic miRNAs in gallbladder cancer

Six miRNAs with an oncogenic activity in GBC have been reported in recent studies (Table 1): 
miRNA-155, miRNA-20a, miRNA182, miRNA-21, miRNA187, and miRNA-122 [17–21]. All 
of them have been found to be upregulated in neoplastic tissues in comparison to healthy 
tissues, while miRNA-187 and miRNA-122 have been determined also in blood samples. 
Some of them display interesting interactions with other molecular networks. For example, 
miRNA-20a was evidenced to play an essential role in the metastatic progression and poor 
survival of GBC by targeting the mothers against decapentaplegic homolog 7 (Smad7)-β-
catenin axis [17]. Downregulation of miRNA-20a by a specific antagonist effectively restored 
the expression of Smad7 in GBC cells in vitro and in vivo and weakened transforming growth 
factor (TGF)-β–induced cell metastasis.

A similar situation was observed regarding the miRNA-182. In a recent study, it was found 
that the TGF-β–induced overexpression of miRNA-182 promoted GBC cell migration and 
invasion, while its inhibition produced the arrest of neoplastic progression [18]. Furthermore, 
the reduction of miR-182 expression by means of a specific inhibitor in vivo had a negative 
impact on the incidence of GBC lung metastases. Interestingly, the cell adhesion molecule 1 
(CADM1) gene was identified as a novel molecular target of miRNA-182; its ectopic expres-
sion in GBC cells led to decreased tumoral invasion [18].

3. LncRNAs in gallbladder cancer

The first lncRNA, lncRNAH19, has been discovered in 1990 by Brannan et al. [22]. Since then, 
a great number of further lncRNAs have been discovered, and several digital databases pro-
vide information about their molecular features and their biological functions [7]. More than 
6700 lncRNA genes have been identified in the human genome in recent times [23]. Generally, 
their length reaches 100 kilobases, without significant open reading frames (ORF); they are 
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transcribed by RNA polymerase II or III and can be polyadenylated or not, spliced or not, 
nuclear or cytoplasmic. Their expression levels are usually lower than those of the protein-
coding genes, and a certain tissue-specificity has been described.

Several classifications of lncRNAs, based on different criteria, have been proposed. A first 
classification, based on their location on the genome, divides the lncRNAs into five groups: 
(a) sense, when they overlap with the exons of a different transcript on the same strand, (b) 
antisense, when they overlap with the exons of a different transcript on the opposite strand, 
(c) intronic, when they originate from an intron of a different transcript, (d) bidirectional, 
when the lncRNA and an adjacent transcript on the opposite strand are expressed at the same 
time, and (e) intergenic, when located in a region not affected by other coding sequences [24]. 
From a strictly functional perspective, Isin and Dalay classified lncRNAs in three categories: 
(a) the lncRNAs guides which can bind and guide cellular proteins toward their target, (b) 
the lncRNAs scaffolds which can bind effector molecules and initiate the formation specific 
molecular complexes, and (c) the lncRNAs which can bind proteins or RNA molecules and 
thus prevent these from exerting their function (we could call them “inhibitors”) [7].

The lncRNAs are implicated in a wide range of pre- and posttranscriptional functions, 
including nuclear architecture and import, immunity, imprinting, epigenetic regula-
tions, cellular trafficking, splicing, precursors of smaller RNAs, and pluripotency of the 
embryonic stem cells. LncRNAs can regulate gene expression at different levels including 
chromatin modifications, transcription, splicing, translation, posttranscriptional regula-
tion, processing of small RNAs, as well as several other functions [7]. They can affect and 
regulate the cell cycle and proliferation, differentiation and apoptosis and are involved in 
cancer development, maintenance, and progression [25]. Indeed, recent articles evidenced 
that approximately 18% of the total human lncRNAs are associated with several types of 
tumors [26]. The role of lncRNAs in gallbladder cancer has been investigated only in very 
recent years. Data about the roles of eleven lncRNAs have been published in the last three 
years; among them, eight have been demonstrated to be oncogenic and three onco-suppres-
sors (Table 2).

3.1. Onco-suppressor lncRNAs

Three different lncRNAs have been found to display an onco-supressive role in gallblad-
der cancer (Table 2): GCASPC, LET, and MEG. In a study published in 2016, Ma et al. used 
RT-PCR to measure GCASPC levels in tissues from 42 gallbladder cancer patients, and the 
levels of GCASPC were further confirmed in a separate cohort of 89 gallbladder cancer 
patients [27]. Its levels were significantly lower in neoplastic than adjacent nontumor tis-
sues and were associated with tumor size, stage, and prognosis. GCASPC overexpression 
suppressed cell proliferation in vitro and in vivo, whereas its silencing had opposite effects. 
The authors also identified pyruvate carboxylase as an RNA-binding protein associated to 
GCASPC. Because GCASPC is a target of miR-17-3p, they evidenced that both miR-17-3p and 
GCASPC downregulated pyruvate carboxylase level and activity. The authors defined this 
way a novel mechanism of lncRNA-regulated cell proliferation in gallbladder cancer, creating 
a new basis for understanding its pathophysiology [27].
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The same research group in a previous study evidenced that low levels of the lncRNA LET 
were associated with a less differentiated histology, advanced nodal status, and tumor stage, in 
relation to GBC patients with high LET expression [28]. Moreover, the overall 5-year survival 
rates of low and high LET expression groups was approximately 38 and 67%, respectively, 
with the low expression of this specific lncRNA being a significant predictor of metastasis and 
death in GBC patients [28]. Interestingly, the authors evidenced also that hypoxia correlated 
with decreased lncRNA LET levels in GBC EZ-GB2 and SGC-996 cells. They demonstrated 
that the invasive potential of GBC cells significantly decreased in cells overexpressing LET 
under hypoxia, while the invasive potential of GBC cells enhanced in LET knockdown cells 
under hypoxic conditions. They also showed that under hypoxic conditions, LET inhibited 
GBC cell proliferation by inducing a G0/G1 arrest, further confirming the tight connection 
between hypoxia and LET effects [28].

Regarding MEG3, Liu et al. demonstrated an approximately 6.25-fold reduction in its expres-
sion in GBC tissues compared to normal tissue samples [29]. The transfection of pcDNA-MEG3 
plasmids in human GBC GBC-SD and QBC939 cell lines resulted in reduced tumorigenic 
potential. When 5-week-old male athymic BALB/c mice were injected with GBC transfected 
cells, smaller tumors resulted compared to those treated with an empty vector. pcDNA-
MEG3 plasmid transfection in GBC cells induced the accumulation of p53 protein and reduc-
tion of the cyclin D1 gene expression. These transfected cell lines showed an accumulation of 
cells at the G0/G1 phase, lower expression levels of ki-67, and higher expression levels of 
Caspase-3, which implies that MEG3 also plays a vital role in the induction of apoptosis in 
GBC [29].

LncRNA Main effect Interactions References

AFAP-AS1 Oncogenic MET proteins [30]

ANRIL Oncogenic p53, p15INK4b, p16INK4a, cell 
cycle and apoptosis proteins

[29]

CCAT1 Oncogenic miRNA 218-5p, Bmi1 [14]

GCASPC Onco-suppressor miRNA 17-3p, pyruvate 
carboxylase

[27]

H19 Oncogenic miRNA 194-5p, AKT2, MET 
proteins

[31, 32]

HOTAIR Oncogenic miRNA 130a [13]

ITGB1 Oncogenic B-catenin, TCF8, MET proteins [34]

KIAA0125 Oncogenic B-catenin, MET proteins [33]

LET Onco-suppressor p21, Bax/Bcl-2, apoptosis proteins [28]

MALAT1 Oncogenic ERK/MAPK [35]

MEG3 Onco-suppressor p53, cell cycle and apoptosis 
proteins

[29]

Table 2. The main lncRNAs studied in relation to their role in gallbladder cancer pathophysiology.
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3.2. Oncogenic lncRNAs

Eight different lncRNAs showed oncogenic potential in GBC (Table 2): AFAP1-AS1, ANRIL, 
CCAT1, H19, HOTAIR, ITGB1, KIAA0125, and MALAT-1. In a recent study, Ma et al. analyzed 
the lncRNA AFAP1-AS1 expression by RT-PCR in 40 gallbladder cancer tissues and adjacent 
normal tissues [30]. The authors evidenced that the expression of lncRNA AFAP1-AS1 was 
significantly elevated in GBC tissues and GBC cell lines. In addition, its expression levels 
were significantly associated with tumor sizes and prognosis. Knockdown of AFAP1-AS1 
suppressed cell growth and invasion in NOZ and GBC-SD cells. Furthermore, they found that 
knockdown of AFAP1-AS1 in GBC cells inhibited EMT by downregulating the transcription 
factor Twist1 and Vimentin and upregulated the E-cadherin [30].

The role of lncRNA ANRIL in the pathogenesis of GBC was studied by Liu et al. together with 
that of MEG3 mentioned before [29]. In that study, GBC tissues and adjacent normal samples 
were collected from 84 patients, and empty vector and pcDNA-ANRIL vectors were transfected 
into GBC-SD and QBC939 cells. The expression of ANRIL was significantly higher in GBC and 
pcDNA-ANRIL-transfected cells in comparison to controls, and it was associated with prognosis.  
Even if mice injected with pcDNA-ANRIL showed contrasting results, the authors concluded 
that ANRIL can improve the proliferation of gallbladder cells and inhibit apoptosis [29].

Recently, Ma et al. demonstrated an approximately 1.5-fold upregulation of CCAT1 in 40 GBC 
tissues compared to paired normal tissues [14]. The expression of CCAT1 was higher in tumors 
extending beyond the gallbladder, with a stage-dependent pattern of expression. Similarly, 
overexpression of CCAT1 was found to be significantly associated with lymph node invasion 
and advanced node metastasis, highlighting its role in metastasis in GBC. As we mentioned 
before, the authors further observed that ectopic expression of CCAT1 increased the transcript 
level of Bmi1 in GBC-NOZ cells, while it decreased the expression level of miRNA-218-5p 
which has a tumor suppressive activity in several carcinomas and regulates the Bmi1 gene 
expression. They advocate that CCAT1 up-regulates Bmi1 by competitively ‘sponging’ the 
tumor suppressor miRNA-218-5p, as both shared the same miRNA responsive element in 
their sequences and displayed the same miRNA-218-5p-dependent regulation pattern [14].

Similar evidences were found about the lncRNA H19, which was found to be significantly 
upregulated in GBC tissues compared to adjacent noncancerous tissue and was positively 
correlated with tumor size and decreased survival of GBC patients [31, 32]. Its oncogenic 
role was further experimentally confirmed in a 4-week-old male athymic nude mice model 
of human GBC. In addition, the ectopic expression of H19 led to decreased expression of 
E-cadherin, and increased the expression of Vimentin and Twist1, in cell lines as well as in 
mice [32]. Interestingly, it was found that H19 positively regulates the expression of the AKT2 
gene (a putative oncogene) while reduces the levels of miR-194-5p, which demonstrated 
tumor-suppressive activity in several cancers [31].

Moreover, the levels of lncRNA HOTAIR were significantly higher in 65 GBC tissues, espe-
cially in those in higher pathological stage, in a recent report [13]. At a molecular level, 
HOTAIR expression was shown to be regulated by c-Myc [13]. As we mentioned before, regu-
lators of HOTAIR activity include miRNA-130a, a tumor suppressor miRNA, and this reflects 
the complexity of the regulatory networks in gallbladder cancer, which include several types 
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knockdown of AFAP1-AS1 in GBC cells inhibited EMT by downregulating the transcription 
factor Twist1 and Vimentin and upregulated the E-cadherin [30].

The role of lncRNA ANRIL in the pathogenesis of GBC was studied by Liu et al. together with 
that of MEG3 mentioned before [29]. In that study, GBC tissues and adjacent normal samples 
were collected from 84 patients, and empty vector and pcDNA-ANRIL vectors were transfected 
into GBC-SD and QBC939 cells. The expression of ANRIL was significantly higher in GBC and 
pcDNA-ANRIL-transfected cells in comparison to controls, and it was associated with prognosis.  
Even if mice injected with pcDNA-ANRIL showed contrasting results, the authors concluded 
that ANRIL can improve the proliferation of gallbladder cells and inhibit apoptosis [29].

Recently, Ma et al. demonstrated an approximately 1.5-fold upregulation of CCAT1 in 40 GBC 
tissues compared to paired normal tissues [14]. The expression of CCAT1 was higher in tumors 
extending beyond the gallbladder, with a stage-dependent pattern of expression. Similarly, 
overexpression of CCAT1 was found to be significantly associated with lymph node invasion 
and advanced node metastasis, highlighting its role in metastasis in GBC. As we mentioned 
before, the authors further observed that ectopic expression of CCAT1 increased the transcript 
level of Bmi1 in GBC-NOZ cells, while it decreased the expression level of miRNA-218-5p 
which has a tumor suppressive activity in several carcinomas and regulates the Bmi1 gene 
expression. They advocate that CCAT1 up-regulates Bmi1 by competitively ‘sponging’ the 
tumor suppressor miRNA-218-5p, as both shared the same miRNA responsive element in 
their sequences and displayed the same miRNA-218-5p-dependent regulation pattern [14].

Similar evidences were found about the lncRNA H19, which was found to be significantly 
upregulated in GBC tissues compared to adjacent noncancerous tissue and was positively 
correlated with tumor size and decreased survival of GBC patients [31, 32]. Its oncogenic 
role was further experimentally confirmed in a 4-week-old male athymic nude mice model 
of human GBC. In addition, the ectopic expression of H19 led to decreased expression of 
E-cadherin, and increased the expression of Vimentin and Twist1, in cell lines as well as in 
mice [32]. Interestingly, it was found that H19 positively regulates the expression of the AKT2 
gene (a putative oncogene) while reduces the levels of miR-194-5p, which demonstrated 
tumor-suppressive activity in several cancers [31].

Moreover, the levels of lncRNA HOTAIR were significantly higher in 65 GBC tissues, espe-
cially in those in higher pathological stage, in a recent report [13]. At a molecular level, 
HOTAIR expression was shown to be regulated by c-Myc [13]. As we mentioned before, regu-
lators of HOTAIR activity include miRNA-130a, a tumor suppressor miRNA, and this reflects 
the complexity of the regulatory networks in gallbladder cancer, which include several types 
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of ncRNAs and coding genes. Ectopic expression of HOTAIR reduced the level of miRNA-
130a, while miRNA-130a inhibition upregulated HOTAIR. Furthermore, it was demonstrated 
that depletion of HOTAIR inhibited the invasion of GBC cells, while a miRNA-130a inhibi-
tor reversed this decrease in invasiveness of GBC cells. Moreover, the depletion of HOTAIR 
resulted in the suppression of cell proliferation [13].

Both the lncRNAs ITGB1 and KIAA0125 were found to be overexpressed in GBC tissues, and 
both of them influence the GBC cell migration and invasion, in part through the alteration of 
Vimentin and β-catenin levels [33, 34]. Also, MALAT1 was significantly upregulated in GBC 
tissues compared with corresponding noncancerous tissues [35]. Knockdown of MALAT1 in 
GBC cell lines (SGC-996 and NOZ) significantly inhibited the proliferation and metastasis of 
the GBC cells both in vitro and in vivo (xenograft BALB/c nude mouse model of human GBC). 
Furthermore, the ERK/MAPK pathway was found to be inactivated in the GBC cell lines after 
MALAT1 knockdown, as it significantly reduced the levels of phosphorylated MEK1/2, ERK 
1/2, MAPK, and JNK 1/2/3 proteins, with no changes in their total levels. This suggests that 
MALAT1 acts as an oncogenic lncRNA that promotes proliferation and metastasis of GBC 
and activates the ERK/MAPK pathway [35].

4. Future perspectives

As we mentioned before, the number of the noncoding RNAs of the human genome, both 
miRNAs and lncRNAs or other species, is enormous, as is the number of their possible inter-
actions with a myriad of biological networks in healthy and neoplastic tissues. This reflects 
how little we know about them, and the huge scientific efforts which should be made in the 
future in order to better understand their pathophysiological roles and use them as diagnostic  
or prognostic markers, as well as targets for effective specific therapies. This would be particularly  
desirable in malignancies such as GBC, characterized by an aggressive clinical behavior and 
poor prognosis.
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Abstract

Gallbladder cancer represents one of the rare and highly fatal neoplastic diseases, early diag-
nosis and treatment being the key for an acceptable outcome. The best survival results are 
obtained for patients with T1-T2 stage, a radical cholecystectomy being sufficient in most 
of these cases. For advanced tumors, major liver resections could be necessary to obtain 
optimal oncological results. Although a high percentage of the patients are diagnosed with 
unresectable disease, the continuous progresses made in the field of surgical therapy and 
oncological treatment could finally improve the outcome of this neoplastic pathology.

Keywords: gallbladder cancer, surgical treatment, hepatic resection, radical 
colecistectomy, hepatic limphadenectomy

1. Introduction

Biliary tract cancers are a group of neoplastic diseases that arise from the biliary epithelium. 
According to their localization, they are divided into: intrahepatic cholangiocarcinoma, peri-
hilar cholangiocarcinoma, distal cholangiocarcinoma and gallbladder cancer. Gallbladder 
cancer represents one of the rare and highly fatal neoplastic diseases; early diagnosis and 
treatment are the key [1].

2. Epidemiology: risk factors

Gallbladder cancer is the fifth most common type of digestive cancer and the most frequent 
biliary tract cancer. The maximum incidence of this disease is reported in Chile, Bolivia and 

© 2017 The Author(s). Licensee InTech. 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.



other South-American countries [2]. Urban population presents a higher risk of developing 
gallbladder cancer [1]. The prognosis is a very poor one, with a 5-year overall survival rate 
of less than 10% [2]. During the last decade, the mortality rate has improved in developed 
countries, while in developing countries it is still at a high level [1]. Chronic inflammation of 
the gallbladder mucosa and all its predisposing factors increase the incidence of the disease. 
The most common risk factors for developing gallbladder cancer are: gallbladder lithiasis, old 
age, female sex, tobacco and alcohol abuse, multiple pregnancies, low physical activity, obe-
sity and infectious diseases. The most common pathogens implicated in the development of 
gallbladder cancer are Salmonella typhi, Salmonella paratyphi and Helicobacter [1]. Gallstones, 
especially large ones, frequently associated with Mirizzi syndrome, represent the most com-
mon predisposing factor for gallbladder cancer [1]. Gallbladder polyps, the porcelain gall-
bladder and anatomical abnormalities of the ampulla of Vater, which causes bile reflux, are 
also predisposing factors. Diet is another important risk factor in the development of gall-
bladder cancer; increased intake of fried foods or those that cause constipation (less than 
one bowel movement in 6 days) increases the risk. On the other hand, in women, the intake 
of boiled beans, or in men, the intake of fish, lowers the incidence of gallbladder cancer. The 
involvement of environmental factors such as heavy metals (high levels of nickel, cadmium, 
manganese, copper, chromium and lead, as well as low levels of selenium or zinc) is not yet 
fully understood, requiring prospective studies conducted on large groups of patients [1]. 
Also, mutations of K-ras or p53 genes are still being studied; identifying a link between these 
mutations and the development of gallbladder cancer is still difficult [1].

A separate entity is represented by incidental gallbladder cancer discovered at histopatho-
logical examination of specimens resulted from cholecystectomy performed for gallbladder 
lithiasis [3]. These cases represent 47% of all cases of gallbladder cancer [4].

3. Pathology

Gallbladder cancer develops similar to other digestive cancers: the progression can be 
observed from dysplasia to infiltrative carcinoma at the level of gallbladder mucosa. The pre-
neoplastic nature of gallbladder polyps is controversial, however there is some data showing 
the progression to adenocarcinoma. About 3–6% of the patients present with gallbladder pol-
yps at the ultrasound examination [5]. Most of them are cholesterol polyps without any risk 
of becoming malignant. The risk of polyps for becoming malignant has been associated with 
old age, dimensions over 1 cm and the presence of a single polyp [5].

Gallbladder cancer presents most often as monocentric; multifocal forms are extremely rare. 
The most common localization is at the fundus of the gallbladder (60%), followed by the body 
(30%) and the infundibulum (10%) [5].

These tumors are considered highly aggressive since infiltrative forms are rapidly involving 
hepatic parenchyma, mostly segments IVb and V. Also, tumor extension can occur towards 
the cystic duct and its confluence with the common hepatic duct, in which case the presenta-
tion could be similar to a Klatskin tumor [6]. Malignant tumors of the gallbladder can invade 
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logical examination of specimens resulted from cholecystectomy performed for gallbladder 
lithiasis [3]. These cases represent 47% of all cases of gallbladder cancer [4].

3. Pathology

Gallbladder cancer develops similar to other digestive cancers: the progression can be 
observed from dysplasia to infiltrative carcinoma at the level of gallbladder mucosa. The pre-
neoplastic nature of gallbladder polyps is controversial, however there is some data showing 
the progression to adenocarcinoma. About 3–6% of the patients present with gallbladder pol-
yps at the ultrasound examination [5]. Most of them are cholesterol polyps without any risk 
of becoming malignant. The risk of polyps for becoming malignant has been associated with 
old age, dimensions over 1 cm and the presence of a single polyp [5].

Gallbladder cancer presents most often as monocentric; multifocal forms are extremely rare. 
The most common localization is at the fundus of the gallbladder (60%), followed by the body 
(30%) and the infundibulum (10%) [5].

These tumors are considered highly aggressive since infiltrative forms are rapidly involving 
hepatic parenchyma, mostly segments IVb and V. Also, tumor extension can occur towards 
the cystic duct and its confluence with the common hepatic duct, in which case the presenta-
tion could be similar to a Klatskin tumor [6]. Malignant tumors of the gallbladder can invade 
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the branches of the hepatic artery or portal vein, which leads to the atrophy of the ipsilateral 
lobe and compensatory hypertrophy of the contralateral lobe.

The most common histological type of gallbladder malignant tumor is adenocarcinoma. The 
papillary form of adenocarcinoma has the best prognosis because this type of tumor tends to 
be noninvasive or minimally invasive [5]. However, we must not forget the other histological 
types, such as squamous cell or adenosquamous carcinoma, mucinous carcinoma, signet ring 
cell carcinoma and not least lymphomas and neuroendocrine tumors. Rare forms are repre-
sented by melanomas or secondary tumors localized at the level of the gallbladder.

Gallbladder cancer most commonly spreads directly into the surrounding organs. Step by 
step spreading is further enabled by thin gallbladder wall, which is formed by only one mus-
cular layer and by the fact that the connective tissue of the gallbladder is continuous with 
the interlobular connective tissue of the liver [7]. This highly aggressive malignant tumor 
also spreads through satellite lymphatic vessels of the cystic duct to the hilar lymph nodes 
and further to the gastroduodenal lymph nodes, retropancreatic lymph nodes, celiac trunk 
lymph nodes and finally to the interaortocaval lymph nodes. Advanced cases of the disease 
determine enlarged lymph nodes at the level of the hepatic hilum, which erode and invade 
the portal vein wall, causing thrombosis and all the consequences of portal hypertension. 
Spreading to the peritoneum, which determines the occurrence of paraneoplastic ascites, as 
well as pulmonary and hepatic metastases, determine the infaust evolution of terminal cases.

4. Diagnosis

Gallbladder cancer can be diagnosed either preoperative or intraoperative during surgical 
treatment for another disease or after the histopathological examination of the specimen 
resulted from cholecystectomy for gallbladder lithiasis. The clinical signs of gallbladder can-
cer are not specific, which is why more than half of the cases cannot be diagnosed preopera-
tively. The lack of efficient screening methods for this disease also leads to the impossibility 
of an early diagnosis. The systematic examination of the specimens resulting from cholecys-
tectomy improved the early diagnosis rate of this extremely aggressive neoplastic disease.

Even though clinical signs and symptoms are not specific, knowing and following them in 
patients suspected of having this disease is particularly important for proper management. 
Symptoms associated with gallbladder lithiasis or choledochal lithiasis are commonly found 
in the clinical presentation of gallbladder cancer. So, in symptomatic patients, abdominal pain 
with the character of biliary colic is a common sign, especially in cases when the cancer is 
diagnosed incidentally, during the treatment for an acute or chronic cholecystitis.

Jaundice and angiocholitis are also frequently seen in the clinical presentation of the gallblad-
der cancer [6]. In addition to jaundice, we can observe other paraneoplastic signs and symp-
toms like asthenia, fatigue and marked weight loss.

The physical examination of the patients reveals discomfort in the right hypochondrium, 
where it can also be found as a hard mass, which is poorly delimited and fixed due to tumor 
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invasion of surrounding organs. If gallbladder cancer is suspected, some laboratory tests and 
imaging examinations must be performed in order to establish a correct diagnosis.

Required laboratory tests are the usual ones and they determine mainly an extrahepatic cho-
lestasis syndrome. Prolonged biliary stasis can also determine high levels of serum transami-
nases and other parameters that show liver failure. Most of the times, the laboratory findings do 
not establish an accurate diagnosis unless they reveal an advanced stage of disease. Biological 
signs of advanced disease are: anemia, low levels of serum albumin, high levels of leukocytes 
and extremely high alkaline phosphatase and conjugated bilirubin levels [5]. Relevant tumor 
markers are CEA and CA 19-9. A high level of CEA has a specificity of 90% for malignant 
tumors of the gallbladder, but has a low sensitivity (50%) [5] when it is used for screening 
because it is also elevated by benign tumors. The tumors markers have a low utility for gall-
bladder cancer’s diagnosis but they are extremely important for the follow-up of these patients.

Imaging exams are crucial for diagnosing and staging of this disease and they usually reveal 
asymmetric thickness of the gallbladder wall. Since polyps or malignant tumors of the gall-
bladder could have similar imaging characteristics to the normal gallbladder wall, an accurate 
diagnosis is difficult to establish. The situation can be further complicated by a certain degree 
of inflammation of the gallbladder wall caused by lithiasis.

The ability of ultrasound examination to reveal this disease has been appreciably improved 
by employing ecoendoscopic techniques, which in some cases is even more accurate than 
computed tomography (CT) or magnetic resonance imaging (MRI) [6]. CT imaging with intra-
venously administered contrast may reveal a tumor at the level of the gallbladder, which 
invades hepatic parenchyma and other adjacent organs. Despite this, an accurate staging 
using CT is hard to achieve due to the weak sensitivity for identifying possible lymph node 
metastases [6]. MRI has better sensitivity for both identifying possible lymph node metastases 
and for revealing any invasion at the level of the adjacent hepatic parenchyma. This is best 
evidenced by MRI T2 sections [8].

5. Staging

Staging is a key moment in the management of patients presenting with malignant gallblad-
der tumors. The American Joint Committee on Cancer (AJCC) proposes the tumor-lymh 
nodes-metastasis (TNM) staging as follows (Table 1).

Complete staging is obtained by a combination of imaging: ultrasound, CT, MRI, positron 
emission tomography (FDG-PET) and diagnostic laparoscopy. Diagnostic laparoscopy is 
superior in identifying possible peritoneal spread, as well as other absolute contraindications 
for radical surgery. Its employment has lead to a decreased rate of blind laparotomies [9].

Diagnostic laparoscopy combined with intraoperative ultrasound techniques, with or with-
out contrast, has better sensitivity in identifying liver metastases and allows for a more pre-
cise evaluation of tumor adjacent blood vessels involvement. The invasion of adjacent organs 
(liver, stomach, duodenum, pancreas, colon, greater omentum and abdominal wall) can also 
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been revealed through laparoscopy. In case of a suspected distant metastasis, the FDG-PET 
examination is recommended [6].

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or muscular layer

T1a Tumor invades lamina propria

T1b Tumor invades muscular layer

T2 Tumor invades perimuscular connective tissue; no extension beyond serosa or into 
liver

T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver 
and/or one other adjacent organ or structure, such as the stomach, duodenum, colon, 
pancreas, omentum, or extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery or invades two or more extrahepatic 
organs or structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastases to nodes along the cystic duct, common bile duct, hepatic artery and/or 
portal vein

N2 Metastases to periaortic, pericaval, superior mesenteric artery and/or celiac artery 
lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Anatomic stage/prognostic groups

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage IIIA T3 N0 M0

Stage IIIB T1–3 N1 M0

Stage IVA T4 N0-1 M0

Stage IVB Any T N2 M0

Any T Any N M1

Table 1. TNM staging (after AJCC 7th edition).
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The preoperative histopathological diagnosis is not considered necessary in case of clinical or 
imagistic suspicion of gallbladder cancer, because during biopsy, peritoneal or biopsy tract 
spreading may occur. In addition, the rate of false negative results of biopsies is significant [5]. 
As such, a negative biopsy must not be taken into consideration.

6. Surgical treatment of gallbladder cancer

The treatment of gallbladder cancer is a multimodal one and implicates a multidisciplinary 
team. Needless to say, the treatment methods must be adapted both to the patient’s status and 
the stage of the disease [3]. Surgical treatment remains the only curative alternative, but its 
results have been improved by the emergence of new oncologic treatments. Surgical treatment 
is done according to the stage of the disease and is divided in two categories: curative and pal-
liative. It is necessary to identify the absolute contraindications for radical surgery. These are: 
liver metastases, peritoneal carcinomatosis, involvement of N2 lymph nodes (lymph nodes of 
the celiac trunk, peripancreatic lymph nodes, periduodenal lymph nodes and superior mes-
enteric lymph nodes) and the invasion to the lesser omentum or of greater blood vessels [9]. 
If at least one of the contraindications above is identified, surgery can be considered just for 
palliation. The invasion of adjacent organs (colon, duodenum and liver) does not represent 
an absolute contraindication to radical surgery; en bloc resection of the tumor and invaded 
organs could be performed [3].

6.1. Radical treatment: indications and prognosis

6.1.1. T1 tumors

Usually, incidentally diagnosed cancers on specimens resulting from cholecystectomy are 
T1a tumors. These lesions are limited to the lamina propria and the performed cholecystec-
tomy is considered to be sufficient if obtained resection margins are negative. In cases with 
T1b tumors, due to the 50% 1-year survival rate [3], a follow-up on the initial intervention 
with a resection of IVb and V segments of the liver (Figure 1) and limphadenectomy along 
the portal pedicle is necessary.

6.1.2. T2 tumors

For this type of tumors, simple cholecystectomy is not sufficient. Hepatic resection and loco-
regional lymphadenectomy is necessary. Major hepatic resections (right hepatectomy or 
extended right hepatectomy) may be necessary if the invasion of the right branch of the portal 
vein occurs. Simple cholecystectomy performed in T2 tumors offers a 5-year survival rate of 
40%, compared to an 80% 5-year survival rate for en bloc resections of the tumor [3]. Given 
its close anatomical relation with the gallbladder, the right branch of the portal pedicle is 
most susceptible to tumoral invasion. In some cases, in order to obtain negative resection 
margins, it is necessary to perform a bile duct resection and a biliodigestive anatomosis. 
Thus, an extemporaneous examination of the cystic stump is vital for certifying oncologic 
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radicality. It is important that bile duct resection to be performed in attentively selected cases 
where the benefit outweighs the complication rate of the necessary biliodigestive anastomo-
sis [1]. Lymphadenectomy is demonstrated to improve the prognosis if N1 lymph nodes are 
involved, whereas in patients presenting N2 lymph nodes involvement, lymphadenectomy 
will not bring certain benefits [3]. Thus, N2 lymph nodes involvement represents a negative 
factor in patient outcome.

6.1.3. T3 tumors

As in the case of T2 tumors, for T3 tumors, simple cholecystectomy is not considered sufficient 
from an oncological point of view. Hepatic resection and loco-regional lymphadenectomy are 
necessary. If adjacent organs are involved, en bloc resection is necessary due to the difficulty 
in distinguishing, from a macroscopic point of view, between inflamed tissue and tumor inva-
sion. A 5-year survival rate between 30 and 50% is obtained in case of R0 resections [3].

6.1.4. T4 tumors

T4 classified tumors are in most cases unresectable without any oncologic radicality preten-
tion. In this stage, the palliative surgical approach combined with chemoradiotherapy is the 
only therapeutic alternative [3].

Figure 1. Resection of segment IVb-V, “in block” with the tumoral gallbladder. Dissection of the glissonian pedicles 
(intraoperative aspect, from the personal archive of the authors).
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6.2. Surgical technique

6.2.1. Open and laparoscopic cholecystectomy

Simple cholecystectomy is the surgical intervention whereby the gallbladder and a portion of 
the cystic duct are removed. This can be performed either open or by laparoscopy. Regardless 
of the approach, three types of cholecystectomy can be distinguished: retrograde, anterograde 
or bipolar. In cases presenting with T1a gallbladder tumors, simple cholecystectomy is suf-
ficient for obtaining a radical resection. Most guidelines state that in surgical oncology, the 
preferred approach is the open one, but due to a substantial improvement in laparoscopic 
techniques, the latter have gained popularity in recent years.

Cholecystectomy is usually performed with the patient placed in a supine position with the 
arms abducted, the main surgeon being situated on the patient’s right side. The laparotomy 
is usually done through a right subcostal incision. For the laparoscopic approach, multiple 
variants of trocar placement have been described; it is the surgeon’s decision to choose the 
preferred method. After entering the peritoneal cavity, the first surgical step is to evaluate the 
local situation and to perform adhesion’s dissection, for a better view of the region of inter-
est. At the same time, the peritoneal cavity is inspected for evidence of possible associated 
pathologies such as peritoneal carcinomatosis or paraneoplastic ascites and to evaluate the 
subhepatic region.

The cholecystectomy can be performed either retrograde (with the primary dissection of the 
gallbladder pedicle at the level of Calot triangle) or anterograde (with primary dissection of 
the gallbladder from its hepatic fossa). The anterograde cholecystectomy may be useful in 
cases where the primary dissection of Calot triangle is difficult due to adhesions or anatomic 
modifications.

The most important moment in performing the cholecystectomy is the dissection of Calot 
triangle, where the elements of the gallbladder pedicle are located. The isolation, ligation and 
resection of the cystic duct and artery are performed at this level. At this point in the proce-
dure, the prelevation of a sample from the cystic duct stump is necessary for performing the 
histopathological assessment of the resection margin. The next step of the procedure is the 
dissection of the gallbladder from its hepatic fossa using the electrocautery. Following that, 
the gallbladder extraction is performed through the subxiphoidian incision, with or without 
the enlargement of the aponeurosis. Given the high risk of spreading malignant cells into the 
abdominal wall, the gallbladder is extracted using an endobag.

There is at least a theoretical risk of trocar port or peritoneal tumoral recurrence. The risk of 
peritoneal tumor spreading is increased by the leakage of bile or calculi from the gallblad-
der during its dissection. For this reason, the dissection of the gallbladder from its hepatic 
fossa needs to be performed with increased attention in order to minimize the risk of creating 
breaches into the gallbladder wall. Port-site excision is to be considered in case when the diag-
nosis is made incidentally based on the histopathological assessment of the cholecystectomy 
specimen. The practice of excising port-sites is not routinely imposed as it does not modify the 
survival rate of these patients [10].
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6.2.2. Radical cholecystectomy

In cases with gallbladder tumors staged over T1a, the required surgical approach is 
radical cholecystectomy, combined, in selected cases, with liver resections. Radical cho-
lecystectomy is defined as the removal of the gallbladder and the hepatic parenchyma 
corresponding to its fossa, with a resection margin of minimum 2 cm [11]. After exposing 
the subhepatic region, the liver parenchyma corresponding to gallbladder fossa is marked 
using the electrocautery. The blood loss from transected liver parenchyma can be mini-
mized by using recent generation surgical instruments, as well as intra-anesthetic lower-
ing the central venous pressure. The Calot triangle dissection is performed in the same 
manner as for simple cholecystectomy. The specimen obtained is sent for extemporane-
ous histopathological assessment of the resection margins. If the margins are negative, a 
portal pedicle lymphadenectomy is performed. If the resection margins are positive, the 
resection must be completed by either resecting more liver parenchyma or by the resection 
of the bile duct with performing a bilio-digestive anastomosis. If it is necessary to resect 
more liver parenchyma, an anatomical resection of segments IVb and V is considered to 
be appropriate [5].

6.2.3. Resection of segments IVb and V

After entering the abdominal cavity through a right subcostal incision, the liver and the sub-
hepatic region are assessed. After splitting the hepatic parenchyma to the right side of the 
falciform ligament, the inflow vessels to segments IVa and IVb are identified and only the 
vessels to segment IVb are ligated and divided, preserving segment IVa. After this, the tran-
section of the liver parenchyma is performed and the middle hepatic vein is identified and 
divided in the middle of the liver. As the transection continues, the pedicle of segment V is 
identified, ligated and divided. A lot of attention should be given not to damage the right 
and left hilar structures during transection. After the specimen is removed, the hemostasis 
control is performed and the abdominal cavity is drained. The abdominal wall is closed in 
anatomical layers [5, 12].

6.2.4. Extended liver resections

Extended liver resections are necessary especially if the tumor is localized at the level of body 
or infundibulum of the gallbladder. Most frequently, it is necessary to perform an extended 
right hepatectomy, due to the close anatomic relation between the gallbladder and the right 
portal pedicle. In numerous cases, it is difficult to distinguish between inflamed tissue and 
tumoral invasion at the level of the right portal pedicle and it is necessary to perform the right 
hepatectomy to ensure a curative surgical attempt.

The right hepatectomy is defined as the removal of segments V, VI, VII and VIII of the liver. 
The extended right hepatectomy imply additional resection of segment IV. After entering 
the peritoneal cavity through a right subcostal incision (Kocher incision), the first surgical 
step is to mobilize the liver by cutting the falciform, right triangular and coronary ligament. 
After the liver is mobilized, a visual and manual assessment of the liver is mandatory. By 
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incising the hepato-duodenal ligament, the portal pedicle is visualized. It is crucial not to 
injure the left portal pedicle during dissection. By dissecting towards Calot triangle, the cys-
tic artery and duct are isolated, ligated and divided. After the dissection at the level of the 
portal pedicle is made, the right branch of the hepatic artery and the right portal branch are 
isolated, ligated and divided to obtain a control on the blood inflow. The right hepatic duct 
may be ligated and sectioned by the time when liver transection is performed. Next step to 
be performed is the exposure of the right hepatic vein. By turning the liver to the left, a good 
assessment of the hepatic veins can be made, at the caval confluence. There might be some 
collateral veins that drain directly into the inferior vena cava and they must be carefully 
identified, ligated and divided. After the right hepatic vein is isolated, ligated and divided, 
the next step is the liver transection. This surgical step can be performed in multiple ways, 
with or without the use of recent generation surgical instruments. A fast way to perform liver 
transection is by using a Kelly clamp to crush the liver tissue and identify, ligate and divide 
the vasculo-biliary structures. After the transection is made, the diffuse blood loss from the 
liver tissue can be controlled with surgical devices such as plasma scalpel. For adjunctive 
hemostasis, a fibrin sealant patch may be used. After removing the right liver, an assessment 
of the whole surgical field is mandatory to identify any source of bleeding or bile leakage. 
Finally, drainage of the abdominal cavity is recommended. The abdominal wall is closed in 
anatomical layers [13].

6.2.5. Bile duct resection

Extrahepatic bile duct resection is necessary either if a tumoral invasion of the common 
bile duct is present or if at the extemporaneous histological assessment, malignant cells are 
revealed at the level of the cystic duct stump. Once negative margins are obtained, the conti-
nuity of the biliary tract is restored through a Roux-en-Y hepaticojejunostomy [11].

6.2.6. Lymphadenectomy

The status of the lymph nodes represents an important prognosis factor for all patients 
undergoing surgery for gallbladder cancer. Lymphadenectomy is mandatory in all cases of 
tumors staged T1b and above, even if there are no macroscopic signs of lymphatic spread. 
The prognosis in significantly improved in patients for which the lymphadenectomy is per-
formed; the 5-year survival rate increases to 57%, compared to only 12% in cases where the 
lymphadenectomy was not performed [14]. The D1 lymphadenectomy is defined by the 
removal of lymph nodes situated at the level of the hepatic pedicle and the hepatico-duo-
denal ligament (cystic artery, hepatic artery, portal vein and common bile duct) (Figure 2). 
The extended lymphadenectomy (D2) consists of extending the lymphadenectomy to the 
N2 classified lymph nodes: periaortic, celiac artery, superior mesenteric artery and infe-
rior vena cava nodes. This type of lymphadenectomy should be performed in cases where 
this is possible without performing large scale surgical procedures, which increase the risk 
of postoperative complications. The only certain benefit of performing the D2 lymphad-
enectomy is obtaining a more accurate staging; the patient survival rate is not significantly 
influenced [14, 15].
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6.3. Palliative treatment

When unresectable gallbladder cancer is certain, it is important to aid the patient by apply-
ing a palliative treatment that is meant to improve the quality of life. Patients in an advanced 
stage of the disease are often presenting with jaundice, pruritus, pain in the upper right 
abdominal quadrant or bowel obstruction [12]. The optimal palliative procedure is one that 
provides the remission of symptoms with a minimum of risk (Table 2) [12]. The palliation can 
be performed either endoscopically or surgically, the approach depending on the biological 
status of the patient and the prognosis of the disease. Surgical jaundice palliation presents a 
higher rate of complications compared to the endoscopic approach [16].

6.3.1. Bilio-digestive anastomosis

Performing a bilio-digestive anastomosis is necessary for unresectable locally advanced 
tumors, which cause jaundice. In most cases, a locally advanced tumor invades the conflu-
ence of the hepatic ducts, so a Roux-en-Y hepaticojejunostomy is not viable [12]. In these 
situations, endoscopic drainage by transtumoral stenting or ultrasound/CT-guided external 
transparietohepatic biliary drainage can be the only alternative.

6.3.2. Digestive bypass

Digestive bypasses represent a method of palliation used for patients presenting with bowel 
obstruction caused by tumoral invasion of the duodenum or colon. If the duodenum is 

Figure 2. Lymphadenectomy along the portal pedicle. PHA, proper hepatic artery, RHA, right hepatic artery, LHA, left 
hepatic artery, CBD, common bile duct, PV, portal vein (intraoperative aspect, from the personal archive of the authors).
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involved, an Omega or Roux-en-Y gastroenteroanastomosis should be performed. If the colon 
is involved (a rare occurrence), an internal bypass is the most frequently used method.

7. Oncological treatment

Oncological treatment supports the surgical act and is meant to improve the outcome of gall-
bladder cancer patients. The prognosis of this pathology is extremely poor, with a high rate of 
recurrence, even in patients undergoing radical surgical treatment. Thus, efficient oncological 
treatment is necessary in order to improve the rate of survival. There are few randomized 
trials conducted on patients with resectable tumors, so the efficacy of adjuvant oncological 
therapy cannot be well assessed. At the same time, oncological treatments can be used for pal-
liative purposes in patients presenting unresectable tumors. The following paragraphs sum-
marize the different types of oncological treatment.

7.1. Adjuvant treatment

Due to a high rate of recurrence, adjuvant treatment comes in the form of radiotherapy, pos-
sibly combined with chemotherapy [17]. A meta-analysis of 20 studies (6712 patients) evaluat-
ing the impact of chemotherapy, radiotherapy and their combination performed for adjuvant 
purposes, indicates an insignificant benefit in unselected cases. However, in cases of sub-
groups of patients defined as presenting an increased risk of recurrence (positive resection 
margins or an advanced degree of lymph node involvent), adjuvant therapy provides a posi-
tive influence on prognosis [17].

A consensus regarding the optimal adjuvant therapy has not been reached; there are multiple 
methods of applying this type of treatment. Due to the high risk of distant metastasis occur-
rence, a possible avenue of treatment can be starting with 6 months of chemotherapy, which can 
lead to avoiding unnecessary radiotherapy for patients that develop distant metastases (cases 
that would not benefit from radiotherapy anyway) [18]. In the case of patients who have positive 

Symptom Palliative method

Jaundice Endoscopic placement of a stent

Pruritus Surgical bilio-digestive anastomosis

Pain Celiac trunk alcoolization

• Percutaneous

• Ecoendoscopic

• Laparoscopic

Bowel obstruction Gastroenteroanastomosis (invasion of the duodenum)
Digestive bypass (invasion of the colon)

Table 2. Palliative options for unresectable gallbladder cancer.
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resection margins, combined treatment (chemotherapy and radiotherapy) is recommended. An 
option is to perform intraoperative radiotherapy. This is meant to improve the prognosis but 
there is little evidence indicating a real benefit of this treatment [19]. One advantage of intraop-
erative radiotherapy is the possibility of targeted administration of a high dosage of radiation 
directly on the tumor, while protecting the adjacent, highly radiosensitive, tissues [18].

7.2. Palliative oncological treatment

In cases of unresectable tumors (see Section 6) palliative chemoradiotherapy can be per-
formed. In the past, the used chemotherapic treatment was 5-FU, Methotrexate, Mitomicin C 
and Doxorubicin, with a response rate of 10–20% [5]. More recently, the use of gemcitabine 
and oxaliplatin has improved the response rate up to 50%. On the other hand, radiotherapy 
has a palliative effect for locally advanced tumors (stages T3 and above) and is usually well 
tolerated and insures the remission of symptoms [5]. Radiotherapy is most commonly used in 
combination with chemotherapy.

8. Outcomes

8.1. Perioperative morbidity and mortality for radical interventions

The perioperative risk depends on the stage of the disease and the biological status of the patient. 
It is important to balance the risk of surgery to the risk of the untreated disease. Surgery should 
be performed with curable intent just when the patient is capable to support it. If the biological 
status of the patient does not support a radical approach it should be ameliorated preoperatively.

Gallbladder cancer surgery is accompanied by a lot of possible complications, some of them 
very difficult to manage. Most feared complications are: postoperative bleeding, bile leak and 
perihepatic abscess.

The perioperative mortality rate is significantly higher in patients with extended hepatic 
resections compared with those who underwent limited resections (resection of segments 
IVb and V), radical cholecystectomy or simple cholecystectomy [20]. An improvement in the 
outcome of patients underwent extended liver resection has been obtained by the progresses 
made in the field of surgical techniques, anesthetic and intensive care management.

Long-term outcome is extremely poor due to the high aggressive nature of this type of can-
cer. Only patients staged T1 have better long-term outcome, but unfortunately only approxi-
mately 10% of symptomatic patients reveals to be T1 and up to 20% from the incidentally 
diagnosed patients have T1 tumors.

8.2. Survival rate after radical treatment

The survival rate of patients undergoing surgery for gallbladder cancer depends of the dis-
ease’s stage.
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For T1a tumors, limited to the lamina propria, radical resection is obtained by simple cho-
lecystectomy in many cases. The 5-year overall survival rate of these patients is reported to 
range between 97 and 99% [21].

For T1b and T2 patients, the oncologic radicality is easy to obtain by performing a liver resec-
tion including segments IVb and V, combined with lymphadenectomy at the level of the 
lesser omentum. The 5-year survival rate in these cases, if the appropriate surgical approach 
is performed, ranges between 59 and 90% [21].

For T3 and T4 tumors, it becomes challenging to balance the surgical risk of an extensive 
resection with the possible benefit. It is known that if a more extensive liver resection is per-
formed, a higher rate of complications may occur. However, by recent improving of the sur-
gical techniques, the rate of complications after major liver surgery has been improved and 
more extensive resections can be made with a diminished morbidity and mortality rate. The 
5-year survival rate is reported to be 25% after major resections.

8.3. Survival rate for palliative treatment

Patients presenting unresectable gallbladder tumors benefit from palliative treatment to increase 
their quality of life. The overall survival rate is not significantly improved by palliative treat-
ment, but there may be some benefits of chemoradiotherapy (as we discussed in Section 7.2).

8.4. Survival rate without treatment

Advanced gallbladder cancer has a very poor survival rate without any treatment even if the 
patient has a good performance status. The overall survival is 4.4 months for unresectable and 
untreated gallbladder cancers [20]. The presence of metastases at the moment of the diagnosis 
appeared to decrease the survival rate.

9. Future perspective

9.1. Intraoperative ultrasonography

Because preoperative imagistic staging of gallbladder cancer is difficult, the intraoperative 
ultrasound techniques are more and more used to obtain an accurate staging before choos-
ing an appropriate surgical approach. The staging laparoscopy can be combined with the 
ultrasonographic assessment of the tumor to improve the accuracy of the diagnosis. As it is 
shown by a recent meta-analysis, the sensitivity of staging laparoscopy is improved when 
it is associated with intraoperative ultrasonography from 55.9 to 65.7% [22]. Laparoscopic 
ultrasonography is used for identification of liver lesions and for showing the precise location 
of the tumor and its relations with surrounding blood vessels. However, the intraoperative 
ultrasound assessment of hepatic hilum is very difficult and requires an experienced surgeon 
with high knowledge of liver imaging. The sensitivity of intraoperative ultrasound has been 
improved by the use of micro-bubble agents [23].
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9.2. Navigation surgery

This new concept is being used in other surgical specialties, but in visceral surgery its usage 
is just at the beginning. Intraoperative navigation is a new technique that, with the use preop-
erative tomographic images, provides a virtual imaging of the anatomical region of interest so 
both the patient safety and the accuracy of the surgical procedure are improved [24].

9.3. Intraoperative fluorescence

Indocyanine is a fluorescent agent that has been used to evaluate the liver function. More 
recently, indocyanine is used for assessing the involvement of lymph nodes during breast 
and digestive surgery. In surgery of the liver, indocyanine has also been used for detecting 
the exact location of the tumors, the liver segmentation and biliary leakage. The role of this 
method is not completely understood. A disadvantage of the method is represented by the 
fact that only superficial tumors can be detected, due to limited depth of detected tissue [23]. 
There are few studies that assess the role of intraoperative fluorescence with indocyanine and 
further studies should be conducted to have a better view on this innovative technique.

10. Key points

• Extremely difficult early diagnosis and poor long-term outcome makes the gallbladder 
cancer an issue in the field of cancer management.

• Early diagnosis (T1a–b) is crucial; only a radical treatment will provide a proper long-
term survival rate.

• The tumors that are staged T2 or T3 have an extremely poor prognosis, even if extended 
lymphadenectomies and hepatic resections are performed.

• Depending on the cancer spreading and the complications that follow, palliative onco-
logic treatment can be combined with certain surgical approach in cases with T4-staged 
tumors.

• The role of adjuvant and neoadjuvant therapies is not yet clearly established; the long-
term outcome is not significantly improved by these.

• The continuous development of screening and diagnostic methods, combined with the 
improvement of surgical techniques due to intraoperative imaging, may lead to better 
outcome for the patients treated with gallbladder cancer.
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Abstract

Gallbladder cancer (GBC) is a rare but fatal disease with an incidence of less than 5000 
new cases per year in the United States. Less than 20% of GBC cases are diagnosed preop-
eratively. The remaining cases are diagnosed either after laparoscopic cholecystectomy 
or intraoperatively. GBC is discovered incidentally during histopathology following 
0.25–3.0% of laparoscopic cholecystectomies; however, this constitutes 74–92% of all 
GBC. The most pivotal and important step is accurate patient staging. Staging dictates 
disease management and treatment options and predicts survival. Because of the fatal-
ity of GBC and its poor prognosis, attempts of curative surgery are limited to localized 
resectable disease.

Keywords: gallbladder, cancer, incidental, adenocarcinoma

1. Introduction

Laparoscopic cholecystectomy is the most common elective operation performed worldwide. 
It is the standard of care for all symptomatic gallstone diseases. Gallbladder cancer (GBC) is 
a rare but fatal disease with an incidence of less than 5000 new cases per year in the United 
States. The anatomy of the gallbladder, specifically the absence of a serosal layer between it 
and the liver, permits the relative early invasion of GBC into the liver [1]. GBC also tends to 
spread both to lymph nodes and hematogenously to the peritoneal surfaces [2]. Moreover, 
because of its nonspecific presentation and constellation of symptoms and signs, many of 
which it shares with benign diseases such as biliary colic or chronic cholecystitis, GBC tends 
to go undiagnosed until relatively later stages [2]. Less than 20% of GBC cases are diagnosed 
preoperatively. The remaining cases are diagnosed either after laparoscopic cholecystectomy 
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or intraoperatively. These cases are categorized as “incidental GBC,” and their management 
is more complex and challenging.

2. Incidence and prevalence

GBC is discovered incidentally during histopathology following 0.25–3.0% of laparoscopic 
cholecystectomies [3–6]; however, this constitutes 74–92% of all GBC diagnoses [7, 8]. 
Although rare, GBC is the most common malignant disease of the biliary tract [9]. Its inci-
dence varies greatly by geographical location, ethnicity, and socioeconomic status. This varia-
tion is likely due to differences in both environmental and genetic factors.

• Ethnicity: Unlike the vast majority of malignancies, GBC commonly occurs in South America, 
in countries such as Chile, Bolivia, and Ecuador, and in Asia, in parts of India, Pakistan, Japan, 
and Korea [10, 11]. Mapuche Indians in Chile exhibit the highest rate of GBC worldwide, with 
rates of 12.3/100,000 and 27.3/100,000 for males and females, respectively [12]. Asia is also a 
high-risk continent for GBC, with the highest incidence found in Indian women followed by 
Pakistani women [11]. GBC also occurs frequently in eastern and central Europe; however, its 
incidence is low in western and Mediterranean Europe, and in the United States [1].

• Age and sex: The incidence of GBC increases with age, especially in people older than 65 years 
[13]. In addition, GBC incidence in women is six times that in men [3].

• Gallstone disease: Gallstones represent the most important risk factor for GBC development 
[14]. However, the likelihood that an individual with gallbladder stones will develop can-
cer is as low as 0.5% [15]. The properties of the gallstones themselves play a role in the 
development of GBC, as different types of stones induce different patterns of mucosal irri-
tation and chronic inflammation [16]. Stones larger than 3 cm confer 10 times higher risk of 
developing cancer than do smaller stones [17]. The higher prevalence of cholesterol stones 
in populations with high prevalence of GBC, such as American Indians, suggests that stone 
content may also be a contributing factor to cancer development [18].

• Obesity: Higher body mass index is associated with higher risk of development of gall-
stones [18]. However, data linking obesity to GBC are conflicting. A recent meta-analysis 
of 14 prospective cohort and 15 case control studies revealed that excess body weight is 
indeed a risk factor for GBC development [19].

• Infection: Infections with certain bacteria such as Salmonella and Helicobacter spp. have been 
linked to biliary malignancies [20, 21]. Chronic bacterial cholangitis also confers a strong 
risk for biliary cancer.

• Other risk factors: Chronic inflammatory conditions, such as primary sclerosing cholan-
gitis, have been linked to malignant transformation. Environmental exposure to factors 
such as radon in mine workers [22] and tobacco [23] has also been implicated as a risk 
factor for GBC. Anatomical risk factors include an anomalous pancreaticobiliary duct 
junction, which is found in approximately 10% of patients with GBC [24]. Histologically, 
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GBC in such patients is of the papillary subtype [11], which is less invasive, with low 
metastatic potential; however, a prophylactic cholecystectomy should be considered in 
such patients.

The survival of these patients is largely affected by disease stage and surgical management. The 
7th American Joint Committee on Cancer (AJCC) [25] reported that the five-year survival rate 
for patients with stage 0 (Tis) GBC is estimated to be 85%, and that it drops to 50% for patients 
with stage I (T1) GBC. The five-year survival rate for patients with stage II GBC is 25%, improv-
ing to 35% after extended cholecystectomy, and for patients with stage III GBC, it is 10%. In 
contrast, the survival rate of patients with stage IV GBC is extremely low, estimated to be less 
than 4%.

3. Time of identification and resection

GBC can be detected during a cholecystectomy procedure if a suspicious mass is found, 
or after surgery. Most these cases are diagnosed following a laparoscopic cholecystectomy 
for associated symptomatic gallbladder stones. This alone is a risk factor for reexploration 
to detect the presence of potential residual disease, which greatly alters the course of dis-
ease management. For gallbladder masses found during cholecystectomy, a specialized 
hepatobiliary surgeon must be consulted for proper management. If no specialized sur-
geon is available, cholecystectomy should be aborted, and the patient should be referred 
to a specialized center [26]. That being said, most cases of GBC are found postoperatively 
on pathological examinations. These cases require further staging workup and possible 
reresection depending on the disease stage. The timing of resection was not studied until 
recently. A multicenter retrospective cohort study that included 207 patients specifically 
examined the timing of reresection surgery and its effect on the patients’ overall survival 
outcomes [27]. Patients who underwent reexploration and resection were divided into 
three groups on the basis of the time interval from the initial cholecystectomy to reopera-
tion: group A (less than 4 weeks), group B (4–8 weeks), and group C (more than 8 weeks). 
Their findings revealed that patients who were reoperated within 4–8 weeks (group B) had 
the longest median overall survival (40 months) compared to that in groups A and C (17.2 
and 22.4, respectively), despite having similar characteristics and tumor staging as these 
groups.

4. Staging of incidental GBC

The principles of oncological surgery remain constant in incidental GBC. The most pivotal 
and important step is accurate patient staging. Thus, a staging workup needs to be performed 
for each patient. GBC stage directly affects disease management and prognosis. TNM staging, 
which is recommended by AJCC guidelines [25], is the most commonly used staging system 
(Table 1). Staging dictates disease management and treatment options, and predicts survival.
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• Imaging: Transabdominal ultrasound (US) is commonly the first imaging modality used for 
evaluating most gallbladder diseases; however, its resolution is insufficient for GBC staging. 
Endoscopic US (EUS) is a method that provides high-resolution images, and consequently, 
accurate staging [28]. Unfortunately, EUS is an invasive procedure that carries the risk of 

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or muscular layer

T1a Tumor invades lamina propria

T1b Tumor invades muscular layer

T2 Tumor invades perimuscular connective tissue; no extension beyond serosa or into liver

T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver 
and/or one other adjacent organ or structure, such as the stomach, duodenum, colon, 
pancreas, omentum, or extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery or invades 2 or more extrahepatic 
organs or structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastases to nodes along the cystic duct, common bile duct, hepatic artery, and/or 
portal vein

N2 Metastases to periaortic, pericaval, superior mesenteric artery, and/or celiac artery 
lymph nodes

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Stage T N M

0 Tis N0 M0

I T1 N0 M0

II T2 N0 M0

IIIA T3 N0 M0

IIIB T1-3 N1 M0

IVA T4 N0-1 M0

IVB Any T N2 M0

Any T Any N M1

Source: From Ref. [68].

Table 1. TNM staging for gall bladder cancer.
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bleeding and bowel perforation, in addition to being uncomfortable for the patient. High-
resolution US (HRUS) combines the convenience of transabdominal US with the high reso-
lution and accuracy of EUS for GBC staging [29].

The initial imaging modality for evaluating surgical resectability and providing appropri-
ate disease staging is generally a high-resolution contrast-enhanced sectional image with 
a computerized tomography (CT) scan of the chest, abdomen, and pelvis. It detects the 
extent of the tumor, distant metastasis, and gross lymph node involvement [30]. Although 
HRUS provides higher accuracy than CT does when predicting the depth of local tumor 
invasion [31], HRUS cannot replace the standard role of CT mainly because GBC resectabil-
ity is determined not just by the tumor itself, but also by its extension into adjacent organs, 
vascular invasion, degree of bile duct obstruction, and the existence of metastasis [32]. CT 
has the added advantage of enabling evaluation of these entities, which makes it the most 
accurate modality for determining GBC resectability [33].

Local extension of disease can be evaluated further by magnetic resonance imaging (MRI), 
which provides detailed evaluation of the liver parenchyma and common hepatic duct/
common bile duct, especially in patients with concomitant liver steatosis or cirrhosis. 
Lymph node status can also be difficult to establish preoperatively; however, abdominal 
CT and MRI increase the detection rate by up to 24% [34]. In terms of detecting metastatic 
lymph nodes in general, diffuse weighted MRI is more beneficial than multislice CT [35]. 
MR cholangiopancreatography using heavily T2-weighted sequences also enables the dif-
ferentiation of the dilated bile duct from the adjacent tissues by producing bright signals 
from the fluid within the ducts [36].

In addition to these methods, 18-fluorodeoxyglucose positron emission (FDG-PET) is a 
technique that utilizes the hypermetabolic condition of malignant masses. It is combined 
with CT to produce a whole body metabolic map of glucose uptake. A previous study 
reported that (FDG-PET)-CT has a sensitivity of 56% for detecting omental, peritoneal, or 
lymphatic spread of GBC [2]. A general drawback of FDG-PET is the possibility of a false-
positive result due to detection of inflammatory areas instead of a tumor, because they both 
have high glucose uptakes.

• Diagnostic laparoscopy: The use of diagnostic laparoscopy is mainly justified by the large 
percentage of cases that are found to have residual nonresectable disease, in the form of 
peritoneal disease, occult metastasis (not evident on imaging), or local invasion to the vas-
cular structures, which render tumors unresectable. Although the relationship between the 
T stage of GBC and the benefit of diagnostic laparoscopy is not yet established in cholan-
giocarcinomas [37], most researchers suggest the use of diagnostic laparoscopy in patients 
with T2/3 lesions scheduled for reresection [38, 39], in order to save them the burden of a 
full laparotomy. A recent meta-analysis found the accuracy of diagnostic laparoscopy to be 
63.9% [40]. The sensitivity of diagnostic laparoscopy in GBC was 0.642 (95% CI: 0.579–0.7). 
The use of intraoperative ultrasound increased the overall performance and contributed 
to a minor increase in the overall sensitivity. Diagnostic laparoscopy prevented unneces-
sary laparotomy in 27.6% of these cases, with a mortality rate of 0.09% and morbidity of 
0.37%. These data indicate that staging laparoscopy prior to laparotomy, which can be 
performed within the same setting, is the recommended procedure for all GBC cases [41].
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5. Contraindications for curative surgery

Because of the fatality of GBC and its poor prognosis, attempts of curative surgery are limited 
to localized resectable disease. Absolute contraindications to surgery include the presence 
of distant metastasis, liver metastasis, peritoneal disease, malignant ascites, and evidence of 
extensive nodal disease (para-aortic lymph nodes). Major vessel involvement, which is an 
indicator of stage IV disease, is another contraindication for curative surgery [42].

In contrast, T3 disease with direct involvement of the duodenum, colon, or liver does not 
preclude resectability if R0 en-bloc resection can be achieved safely [41]. It is not considered a 
contraindication even though it is an indicator of aggressive disease and carries the increased 
possibility of lymph node involvement, which results in poor survival outcomes.

Palliative options, if appropriate, might be the only justification for intervention in unre-
sectable cases. For example, a cholecystectomy can be performed for an acutely inflamed 
gallbladder, or left cholodochojejunostomy for drainage in case of failure of endoscopic 
stenting.

6. Surgical management

Surgery is the mainstay of GBC treatment and the only curative option [43]. Surgical options 
are dependent on the pathological staging and may involve one or more of the adjacent 
organs (Figure 1).

For stage 0-I (T1, N0, and M0):

• Simple cholecystectomy

 – Simple cholecystectomy might be the only treatment needed in early GBC (i.e., Tis, T1a), 
as the risk of lymph node dissemination is low. However, great care should be exercised 
during the handling and mobilization of the gallbladder in order to prevent bile spillage. 
This is important because the bile in the gallbladder of a patient with GBC is highly con-
taminated with malignant cells, which increases the risk of dissemination of the cancer 
cells to the local areas and peritoneal cavity [44]. This concern makes open cholecystec-
tomy the standard of care if the surgeon cannot guarantee an adequate resection with no 
spillage during laparoscopy [41].

 – The cystic duct resection margin is the main deterrent for further surgical intervention 
in T1a GBC. Tumor cell involvement of the cystic duct margin justifies reoperation 
and resection of the extrahepatic bile duct [43, 45]. Hepatic duct involvement sug-
gests poor biology and is frequently associated with lymph node involvement [46]. 
If the margin is negative for cancer cells, cholecystectomy is sufficient and no further 
procedure is needed because further resection does not provide any survival benefits 
to these patients [47, 48].
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• Extended cholecystectomy and lymphadenectomy

 – The treatment strategy for incidental T1b GBC was controversial until recently. Extend-
ed cholecystectomy and lymphadenectomy improve cancer-specific survival and are 
recommended over cholecystectomy alone [41, 49] mainly because of the high risk of 

Figure 1. Schematic representation of the hilar structures including the lymph nodes groups targeted during extended 
cholecystectomy.
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lymph node metastasis (11.5%) in GBC T1b. The recurrence rate after simple cholecystec-
tomy is higher than that after extended cholecystectomy (12.5 vs. 2%, respectively) [41, 
50]. However, this survival benefit has been debated in the literature, and simple chole-
cystectomy is considered sufficient for GBC T1b, especially in eastern countries [51]. Bile 
duct resection is indicated in cases with a positive cystic duct margin, since recurrence 
occurs in 50% of these cases. However, there is no evidence to support routine bile duct 
resection in cases with a negative cystic duct margin.

For stage II (T2, N0, and M0), stage III (T3, N0-1, and M0):

• Extended cholecystectomy and lymphadenectomy

 – If no contraindication for curative surgery exists, extended cholecystectomy and lymph-
adenectomy are indicated in all cases where the GBC lesions invade the subserosal or 
deeper layers (T1b, T2, and T3). This recommendation is based on the high rate of vascu-
lar and perineural invasion and lymph node metastasis in these stages. An appropriate 
treatment would be extended cholecystectomy as follows:

(a) Bile duct resection
Although there is no evidence to support routine resection, it is indicated when 
invasion of the cystic duct margin is evident grossly or on a frozen section. 
Another indication is hepatoduodenal ligament invasion (GB neck tumor) as part 
of en bloc oncologic resection [43, 45, 51]. In these cases, complete removal of the 
bile duct is necessary, with further reconstruction using a Roux-en-Y hepaticoje-
junostomy technique.

(b) Extended cholecystectomy includes resection of the gallbladder bed and hepatec-
tomy to achieve an R0 oncologic resection; a 2–3-cm margin is commonly used. Liver 
resection for GBC treatment ranges from partial hepatectomies (nonanatomical or 
anatomical resection of segments 4a and 5) to major extended hepatectomies. Ana-
tomical resection of segments 4a and 5 is considered a good oncologic option for GBC 
because the cystic vein was found to drain into segment 4a (37–90%) and segment 
5 (52–90%) [52, 53]. A more aggressive approach consisting of routine right extended 
hepatectomy that includes the caudate lobe has been proposed. However, major 
resection does not improve survival over nonanatomical liver resection and only 
increases the risk of postoperative complications [54, 55]. Furthermore, major hepa-
tectomies are associated with higher morbidity rates than partial hepatectomies are, 
with no added survival benefit [56–58]. Therefore, achieving R0 with limited liver 
resection and fewer complications is the recommended procedure for GBC [26, 41].

(c) Major hepatectomies are indicated in select cases, which are encountered less fre-
quently in incidental GBC treatment. These are cases in which an R0 resection 
cannot be achieved with partial hepatectomy or if the tumor is invading the main 
blood supply of the liver lobe [59].

(d) Lymphadenectomy (Figure 1):
Lymphatic drainage of GB follows a route starting from around the cystic duct 
via the portal vein/hepatic artery, into the retropancreatic and celiac/superior  
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mesenteric artery, and then into the para aortic area [60]. Skip lesions have also 
been reported, where the tumor invades celiac lymph nodes directly without 
hepatoduodenal lymph node involvement [61]. Regional lymph nodes of the gall-
bladder are defined as the nodes in the hepatoduodenal ligament, the nodes along 
the common hepatic artery, and the nodes cranial to the duodenal papilla on the 
posterior surface of the head of the pancreas [62]. Therefore, lymphadenectomy 
of GBC should include at least regional lymph nodes of the gallbladder [26, 41]. 
According to AJCC guidelines, a minimum of three lymph nodes are required 
for accurate nodal status evaluation, although recent studies have shown that a 
minimum of six lymph nodes are needed for accurate nodal evaluation [63, 64]. 
It is debatable whether extended lymphadenectomy (including celiac/superior 
mesenteric artery lymph node) as a part of routine lymph node dissection in GBC 
confers a survival benefit. However, studies suggest that extended lymphadenec-
tomy ensures the removal of an adequate number of lymph nodes (more than six) 
and the removal of skipped lymph nodes for proper nodal staging. Therefore, 
extended lymphadenectomy is routinely practiced in high-volume centers [54, 61].

• Port site resections:

 – Port site resection has been proposed for lowering the chances of cancer recurrence at 
the site of a previous cholecystectomy. However, the use of this procedure is not sup-
ported by the evidence found in the scientific literature [41]. Port site resection does not 
seem to improve survival and carries a 15% risk of incisional hernia. Patients with docu-
mented port site metastasis after resection develop peritoneal disease soon after [57, 65]. 
Therefore, routine port site resection is not recommended [41].

For stage IV and unresectable disease:

 – Patients with locally advanced GBC and unresectable disease are considered beyond the 
scope of curative treatment. Patients with preoperatively determined locally advanced 
disease (T3-4, N2) should be enrolled in clinical trials assessing neoadjuvant treatment. 
If these patients undergo resection, they should be enrolled in clinical trials assessing 
adjuvant treatment [41]. The main treatment is palliative, with the aim of ameliorating 
the patient’s symptoms. Biliary obstruction, pain, cachexia, and infections are the usual 
targets for such palliative treatment. A single- or double-agent chemotherapy regimen 
can be added according to patient tolerance and performance status in order to provide 
palliation and prolong survival [26, 41].

7. Importance of postoperative pathological evaluation following 
laparoscopic cholecystectomy

The classical postsurgical approach is to review every tissue histopathologically in order to 
document any concerns regarding the diagnosis and to exclude any oncological etiology. The 
microscopic examination of at least three sections is recommended, especially in high inci-
dence areas [41]. The increase in cost and pathologists’ workload due to evaluation of specimens 
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from the most commonly performed surgery worldwide remains debatable. Yet, this practice 
might result in diagnosis of GBC in 0.25–3.0% of all samples evaluated [3–6]. Some studies 
recommend selective histological examination of the gallbladder on the basis of red flags in 
the perioperative period, on radiological imaging, and on macroscopic examination of the 
gallbladder. Thickening of the gallbladder wall and mucosal ulceration are the most common 
signs associated with malignancy [66, 67]. However, the evidence to support such a practice 
is still lacking.

8. Conclusion

GBC is a rare but fatal disease. Most cases are discovered incidentally while treating a benign 
disease, indicating the importance of histopathological exam after all cholecystectomies. 
Therapy can be multimodal yet surgical intervention is the mainstay of GBC treatment. The 
most pivotal and important step is accurate preoperative staging. Staging dictates disease 
management and treatment options and can predict survival. Due to the rarity of the disease 
patients should be recruited to ongoing multicentral clinical trials.
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Abstract

Diseases of the gallbladder commonly manifest as cholelithiasis and gallbladder cancer. 
Cholelithiasis has become a significant health problem in developed societies, affecting 
10–15% of the adult population. Gallbladder polyps are incidentally detected in approxi-
mately 4–7% of patients. In addition, other gallbladder problems may also occur, but 
these are extremely rare: remnant cystic duct, gallbladder anomalies, Mirizzi syndrome, 
and gallbladder parasites. Endoscopic ultrasound (EUS) is an excellent method for visu-
alizing the bile duct and gallbladder given its proximity when imaging from the duode-
num. EUS can be used for evaluation of gallbladder disease that includes investigation 
of suspected cholelithiasis or biliary sludge, imaging of polypoid lesions of the gallblad-
der, and diagnosis and staging of gallbladder cancer. This procedure can be helpful to 
further distinguish benign from malignant or potentially malignant gallbladder polyps 
and play an important role in determining the treatment strategy for gallbladder polyps. 
Furthermore, EUS can help in the diagnosis of rarely gallbladder diseases such as rem-
nant cystic duct, gallbladder anomalies, Mirizzi syndrome, and gallbladder parasites. 
Recent studies have suggested that EUS‐guided gallbladder drainage (EUS‐GBD) can be 
considered to be an effective emergency treatment for acute cholecystitis patients at high 
risk for surgery.

Keywords: gallbladder, EUS, FNA

1. Introduction

The gallbladder diseases are relatively common. Of these, cholelithiasis is the most common 
pathology that affects 10–15% of the adult population. Other conditions such as gallbladder 
polyp are found in about 5% of the global population, while the estimated incidence of gall-
bladder cancer is approximately two cases per 100,000 population worldwide [1, 2].

© 2017 The Author(s). Licensee InTech. 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.



The diseases of gallbladder are generally diagnosed by several different imaging methods 
in the clinic. Endoscopic ultrasonography (EUS) was introduced in 1980 and has developed 
considerably in the past 30 years. EUS has recently played an increasing role in the diagnosis 
of gallbladder diseases [1, 3]. Clinical situations in which EUS can be used for evaluation of 
gallbladder disease include investigation of suspected cholelithiasis or biliary sludge, imag-
ing of polypoid lesions of the gallbladder, and diagnosis and staging of gallbladder cancer. 
This diagnostic procedure provides high‐resolution images that can improve the diagnosis of 
gallbladder diseases [1, 4].

It is noteworthy that EUS is an accurate modality for imaging gallbladder structures because 
of the close proximity of the duodenum to the gallbladder and extrahepatic biliary tree. 
EUS can differentiate the double‐layered structure of the gallbladder wall and provide 
higher resolution for imaging small polypoid lesions (<2 cm) with sensitivity to up to 91.7% 
and specificity to up to 87.7 [1, 4]. Finally, EUS‐guided gallbladder drainage (EUS‐GBD) is 
recently gaining favor as an attractive alternative for managing acute cholecystitis in high‐
risk patients. The advantages of EUS‐GBD are the avoidance of external drainage (unlike 
percutaneous transhepatic gallbladder drainage) and the potential for no risk of post‐ERCP 
(endoscopic retrograde cholangiopancreatography) pancreatitis or cholangitis (unlike trans-
papillary drainage) [5, 6].

2. EUS and gallbladder microlithiasis

Gallstones (Cholelithiasis) constitute a significant health problem in developed societies, 
affecting 10–15% of the adult population. Microlithiasis is defined as small stones (radiologi-
cal invisibility stones less than 5 mm in diameter and/or stones less than 3 mm in diameter) in 
the gallbladder and is also referred to as sludge, biliary sand, biliary sediment, microcrystal-
line disease, pseudolithiasis, and reversible choledocholithiasis [7–9].

Transabdominal US is considered the gold standard for evaluation of gallbladder stones that 
have been shown to have a high sensitivity (about 98%) for the detection of cholecystoli-
thiasis. However, in some patients, this procedure may miss gallstones, particularly those 
with small gallstones, and a high level of clinical suspicion for cholelithiasis may make addi-
tional studies warranted. Detection of the gallbladder microlithiasis because of their small 
size may be difficult [4, 8]. Microlithiasis in the gallbladder may be undetected by transab-
dominal ultrasound and rarely detected on other imaging modalities including multidetector 
computed tomography (CT) and magnetic resonance imaging (MRI). In some patients with 
microlithiasis, biliary sludge and/or gallstones can be detected by EUS, with its high spatial 
resolution [9–11].

It is noteworthy that idiopathic pancreatitis is diagnosed in 10–30% of acute pancreatitis epi-
sodes. Recent studies have suggested that microlithiasis is a cause of unexplained pancre-
atitis in up to 75% of patients with an intact gallbladder [11, 12]. Given the high incidence of 
microlithiasis and/or biliary sludge as a cause of idiopathic pancreatitis and high accuracy 
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of EUS for recognizing these diagnoses, EUS should be considered as a minimally invasive 
highly accurate diagnostic tool for idiopathic pancreatitis after conventional radiography fails 
(Figure 1).

Overall, the diagnostic yield of EUS in recurrent idiopathic pancreatitis (RIP) varies from 
32 to 88%. Chronic pancreatitis, identified by EUS, is emerging as an important and potential 
cause of RIP, although EUS may be lack of specificity in the diagnosis of chronic pancreatitis 
if secretin stimulation testing is used as the gold standard. Preliminary observations indicate 
that EUS may decrease the need for ERCP through the identification of microlithiasis and 
chronic pancreatitis [11, 13].

3. EUS and gallbladder polypoid lesions

The gallbladder polypoid lesions are relatively common, with a reported prevalence of 
approximately 3–7% in patients who undergo transabdominal ultrasonography (US).

On US, these masses have an image with similar echogenicity as that of the gallbladder wall, 
the lesion projects into the lumen, are fixed, and lack an acoustic shadow. Gallbladder polyps 
are classified as benign or malignant [4, 14]. Cholesterol polyps are most common benign 
polypoid gallbladder lesions (62.8%), which appear as pedunculated lesions with a granular 
surface and an internal echo pattern of a tiny echogenic spot or spots, sometimes with echope-
nic areas. Other polypoid lesions include adenomyomatosis, adenoma, and adenocarcinoma. 

Figure 1. EUS revealed microlithiasis of gallbladder.
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The poor prognosis of gallbladder carcinoma patients means it is important to differentiate 
between benign polyps and malignant or premalignant polyps [14, 15].

The development and refinement of diagnostic imaging modalities such as EUS and their 
widespread application have led to an increase in the coincidental diagnosis of gallblad-
der polyps. Current recommendations for the management of gallbladder polyps are based 
largely on polyp size. Gallbladder polyps larger than 10 mm in diameter, particularly among 
patients more than 50 years of age, are generally indications for cholecystectomy because of 
the risk of malignancy [4, 14, 16].

Transabdominal ultrasonography (US) has made the detection of gallbladder polyps easier, 
but the differential diagnosis of polyps less than 20 mm remains difficult. EUS can be helpful 
to further distinguish benign from malignant or potentially malignant gallbladder polyps, 
and is superior to transabdominal US for this purpose. Overall, EUS markedly improves the 
accuracy of the differential diagnosis of gallbladder polyps and is thought to play an impor-
tant role in determining the treatment strategy for gallbladder polyps [4, 14, 17].

3.1. Adenomyomatoses

Adenomyomatosis is a non‐inflammatory gallbladder alteration that occurs in middle age 
patients and the incidence increases with age. Adenomyomatosis of the gallbladder (GA) 
remains a common entity among benign gallbladder masses, diagnosed in 2–8% of all cho-
lecystectomies in recent studies. The differentiation of GA from gallbladder cancer is still 
required because of the similarity in the appearance between gallbladder adenomyomatosis 
and gallbladder cancer, although many studies have reported imaging findings of adeno-
myomatosis of the gallbladder using US, computed tomography (CT), magnetic resonance 
imaging (MRI) and EUS [15, 18, 19].

EUS is a minimally invasive imaging method that can provide high quality images of the gall-
bladder. EUS has been reported to identify gallbladder adenomyomatosis lesions that were 
missed by routine abdominal ultrasound. However, this procedure may mistakenly misdiag-
nose gallbladder cancer as adenomyomatosis. This inaccuracy may occur because of the sole 
presence of multiple microcysts that can also be seen in gallbladder cancer. In addition to this, 
EUS provides an additional valuable function, which is the ability to perform EUS fine‐needle 
aspiration of local lymph nodes, although a resectable gallbladder mass suspicious for cancer 
should not undergo biopsy due to the risk of seeding. Due to the high cost of performing EUS 
(its relative invasiveness) and the advanced training it requires, ultrasound remains the pri-
mary screening method. So, EUS may be unnecessary in patients in whom ultrasonography 
produces characteristic findings of adenomyomatosis [18–20].

3.2. Gallbladder carcinoma

Gallbladder carcinoma (GBC) is the fifth most common gastrointestinal malignancy and the most 
common biliary tract cancer, accounting for 3% of all tumors. Detection and diagnosis of the gall-
bladder carcinoma in its early stages is hard because it usually has very slight symptoms or is 
asymptomatic (Figure 2). But once the diagnosis is confirmed, most of these patients often have 
metastasis and invasion. In addition to this, gallbladder carcinoma is not sensitive to radiotherapy 
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and chemotherapy. All of these characteristics make gallbladder carcinoma as a highly lethal tumor 
with a five‐year survival rate of less than 5% [16, 21]. Many of the signs and symptoms of gallbladder 
carcinoma are nonspecific, so it is more likely to be diagnosed at an advanced stage in patients and 
is associated with a high mortality rate. It is important the accurate preoperative staging (Table 1) of 
gallbladder carcinoma, because staging is essential to determine the operative approach, and depth 
of invasion (T stage) closely correlates with prognosis [4, 15].

Considering that survival after simple cholecystectomy for T1 disease is reported to be near 
100%. It becomes increasingly necessary for early diagnosis and identifying patients at high 
risk of gallbladder carcinoma. As mentioned earlier, EUS can be helpful to distinguish benign 
from malignant or potentially malignant gallbladder polyps (Figure 3).

In addition, there has been interest in using EUS for preoperative staging of gallbladder carci-
noma because of this procedure allow detailed visualization of the layers of the gallbladder wall 
[4, 16]. This procedure is more sensitive than transabdominal US and has the added benefit of 
determining depth of invasion, extent of local disease, and nodal disease. Moreover, diagnostic 
accuracy of EUS has been shown for T‐stage: Tis‐stage 100%, T1‐stage 75.6%, T2‐stage 85.3%, and 
T3,4‐stage 92.7%. EUS also adds the possibility of fine needle aspiration (FNA) for tissue diagno-
sis of the primary as well as lymph nodes, where diagnostic accuracy approaches 100% [16, 21].

Finally, a scoring system to predict malignant gallbladder polyps has been presented. The 
total EUS score on the basis of coefficient of multivariate analysis has been shown as follows: 
(maximum diameter in mm) + (internal echo pattern score; where heterogeneous = 4, homo-
geneous = 0) + (hyperechoic spot score; where presence = − 5, absence = 0). According to EUS 
scoring system, the specificity, sensitivity, and accuracy for the risk of malignant gallbladder 
polyps with scores of 12 or higher were reported for 83, 78, and 83%, respectively [4, 15]. 
Proposed algorithm for management of gallbladder polyps is shown in Figure 4.

Figure 2. Gallbladder carcinoma in EUS: thickness and irregularity in the wall of gallbladder with invasion to duodenal 
wall.
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Figure 3. Mass of gallbladder.

Primary tumor (T)

TX, primary tumor cannot be assessed

T0, no evidence of primary tumor

Tis, carcinoma in situ

T1, tumor invades lamina propria or muscle layer

T1a, tumor invades lamina propria

T1b, tumor invades muscle layer

T2, tumor invades perimuscular connective tissue; no extension beyond serosa or into liver

T3, tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver and/or one other adjacent 
organ or structure

T4, tumor invades main portal vein or hepatic artery or invades two or more extrahepatic organs or structures

Regional lymph nodes (N)

NX, regional lymph nodes cannot be assessed

N0, no regional lymph node metastasis

N1, metastases to nodes along the cystic duct, common bile duct, hepatic artery, and/or portal vein

N2, metastases to periaortic, pericaval, superior mesenteric artery, and/or celiac artery lymph nodes

Distant metastasis (M)

M0, no distant metastasis

M1, distant metastasis

Table 1. TNM (tumor, node, metastasis) staging of gallbladder carcinoma [4].

Updates in Gallbladder Diseases102



Figure 3. Mass of gallbladder.

Primary tumor (T)

TX, primary tumor cannot be assessed

T0, no evidence of primary tumor

Tis, carcinoma in situ

T1, tumor invades lamina propria or muscle layer

T1a, tumor invades lamina propria

T1b, tumor invades muscle layer

T2, tumor invades perimuscular connective tissue; no extension beyond serosa or into liver

T3, tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver and/or one other adjacent 
organ or structure

T4, tumor invades main portal vein or hepatic artery or invades two or more extrahepatic organs or structures

Regional lymph nodes (N)

NX, regional lymph nodes cannot be assessed

N0, no regional lymph node metastasis

N1, metastases to nodes along the cystic duct, common bile duct, hepatic artery, and/or portal vein

N2, metastases to periaortic, pericaval, superior mesenteric artery, and/or celiac artery lymph nodes

Distant metastasis (M)

M0, no distant metastasis

M1, distant metastasis

Table 1. TNM (tumor, node, metastasis) staging of gallbladder carcinoma [4].

Updates in Gallbladder Diseases102

4. EUS and remnant cystic duct

Postcholecystectomy syndrome (PCS) is a common manifestation in patients with cholecys-
tectomy. Choledocholithiasis, biliary dyskinesia, and dilation of cystic duct remnants are 
common causes of these symptoms. Cystic duct or gallbladder remnant with or without 
stones is one of the important causes of postcholecystectomy syndrome [22, 23]. Usually, a 
cystic duct remnant measuring 1–2 cm in length is left, although remnants can be seen up to 6 
cm in length. Stones in the gallbladder remnant after cholecystectomy are difficult to identify 
[23, 24].

Recent progress in radiological imaging has greatly improved diagnostic accuracy in detect-
ing the causes of persistence of symptoms in postcholecystectomy patients. Noninvasive 
methods of imaging such as US, CT scan, MRCP, and ERCP have been used effectively for 
diagnosis of gallbladder remnant with or without stones in patients complaining of symp-
toms suggestive of postcholecystectomy syndrome. Nevertheless, diagnosis of residual 
gallbladder with gallstones remains difficult. EUS is an excellent diagnostic modality in 
this situation. EUS procedure is indicated in the presence of strong clinical suspicion with 
a negative finding on abdominal US. Furthermore, EUS has proven feasibility in diagnos-
ing liver and biliary pathologies with sensitivity and specificity of 96.2 and 88.9%, respec-
tively, and has also been shown to be cost effective in preventing a number of ERCPs 
[24–26].

Figure 4. Proposed algorithm for management of gallbladder polyps. EUS, endoscopic ultrasound; CECT, contrast‐enhanced 
computer tomography; FDG PET, fludeoxyglucose positron emission tomography [16].
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5. EUS and Mirizzi syndrome

Mirizzi syndrome is the extrinsic compression of the bile duct by a gallstone at the level of the 
gallbladder neck or at the cystic duct level. Pablo Luis Mirizzi first described the syndrome 
in 1948 [27, 28]. Mirizzi syndrome occurs in 0.7–2.8% of patients undergoing cholecystec-
tomy. The syndrome represents a diagnostic challenge because standard imaging may fail 
to demonstrate external compression of the bile duct, and no findings are pathognomonic 
for Mirizzi syndrome. However, awareness and diagnosis of this syndrome are essential for 
safe operative intervention due to the high risk of injury to the bile duct during surgical pro-
cedures [28, 29].

ERCP is considered as a procedure of choice for diagnosis of Mirizzi syndrome. The radio-
logical manifestations of the syndrome may be misinterpreted as a tumor of the gallbladder 
or the cystic duct, metastatic disease of the hilum or acute cholecystitis. These diseases should 
be differentiated from Mirizzi syndrome by a CT scan or an ultrasound. EUS images depict-
ing Mirizzi syndrome are rare [28, 30]. However, very few studies use EUS as a diagnostic 
method for this syndrome. This seemed strange because EUS is a procedure that allows the 
observation of the complete bile duct. Furthermore, EUS adequately evaluates the condition 
of the whole gallbladder, from the bottom to the cystic duct, which is the place in which 
Mirizzi specifically locates. Finally, since EUS is less risky and less expensive than ERCP, it 
is suggested that EUS is used as the first diagnostic procedure to confirm whether or not this 
syndrome is present [27, 29].

6. EUS and gallbladder anomalies

The gallbladder is affected by a large number of congenital anomalies, which may affect its 
location, number, size, or form. Congenital abnormalities of the gallbladder and biliary system 
result from embryonic maldevelopment and are most interesting for the surgeon attempting 
to identify biliary anatomy at cholecystectomy. Some of gallbladder malformations are very 
rare and may lead to misdiagnosis. Being difficult to diagnose during routine preoperative 
studies, these anomalies can provide surgeons with an unusual surprise during laparoscopic 
surgery [31–33].

Preoperative imaging of patients with anomalies of the gallbladder and biliary tract includes 
US, CT, MRI, EUS, and ERCP. Anomalies of the number of gallbladder include its agenesis and 
duplication, which may be difficult to diagnose with the use of ultrasound. Agenesis of the 
gallbladder is very rare, having a prevalence of 0.007–0.13%. Abdominal CT exposes patients 
to radiation and might not able to provide detailed anatomy of the gallbladder anomalies 
compared to magnetic resonance cholangiopancreatography (MRCP). Studies have shown 
that intraoperative ultrasound and postoperative MRCP or EUS can help in the diagnosis 
of agenesis or ectopic gallbladder. Overall, it is thought that ultrasonography is the primary 
imaging modality for gallbladder anomalies with CT, MRI being even more helpful, and the 
MRCP or EUS providing a more thorough visualization of the biliary tract [31, 34, 35].
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7. EUS and gallbladder parasites

Parasitic infections of the biliary tract are a major concern in the tropical and subtropical coun-
tries with significant morbidity and mortality. These infections occur most commonly with 
Ascaris lumbricoides, Clonorchis sinensis, Opisthorchis felineus, and Fasciola hepatica. Biliary tree 
parasites can cause cholecystitis, recurrent cholangitis, biliary obstruction, stone formation, 
and biliary tree strictures, and some may lead to cholangiocarcinoma. Hence, it is important 
to be aware of the clinical features, diagnostic modalities, and management strategies for vari-
ous parasites that infest the biliary tract [36–38].

Ultrasonography, CT, and MRI are not only important in the diagnosis of parasitic biliary dis-
eases but also in the follow‐up and surveillance. Furthermore, ERCP is a highly sensitive pro-
cedure to demonstrate the presence of parasites in the biliary tree [39, 40]. This procedure is 
also used in the therapy of biliary parasitic infestations and carries less morbidity and mortal-
ity than the surgical approach. It is noteworthy that EUS may also be helpful in the detection 
of a mobile worm in the extrahepatic bile duct. This diagnostic method can also be a sensitive 
imaging modality for the extrahepatic bile duct in real time and may be useful for the diagno-
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diagnosis of parasites in the biliary tract including Fasciola hepatica and Ascaris [40–42].
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Acute cholecystitis is defined as an acute inflammation of the gallbladder wall, regardless 
of the cause. It results from obstruction to the cystic duct secondary to multiple causes, of 
which cholelithiasis is the most common followed by benign or malignant biliary strictures. 
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ing, transpapillary gallbladder drainage with nasobiliary drainage (ENGBD), and EUS‐
guided gallbladder drainage (EUS‐GBD). EUS‐GBD is recently gaining favor as an attractive 
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self‐expandable metal stents, and, most recently, lumen‐apposing metal stents (LAMSs). Self‐
expandable metal stents have an advantage over plastic stents because of their ability to seal 

Endoscopic Ultrasonography (EUS) and Gallbladder
http://dx.doi.org/10.5772/67758

105



the gap between the stent and the gallbladder wall, theoretically reducing bile leaks. The per-
ceived advantages of EUS‐GBD are the avoidance of external drainage, internalization of bile, 
less postprocedure pain (unlike PTGBD), and the potential for no risk of ERCP pancreatitis or 
cholangitis (unlike transpapillary drainage) [6, 48].

9. Conclusion

EUS is an important new modality for the evaluation of gallbladder disease. This  procedure can 
effectively identify patients with cholelithiasis and gallbladder microlithiasis. Furthermore, 
studies have shown that EUS can help in the diagnosis of remnant cystic duct, gallbladder 
anomalies, Mirizzi syndrome, and gallbladder parasites. Polypoid lesions of the gallbladder 
can be accurately classified by EUS, which can also be safely used to perform FNA to pro-
vide a histologic diagnosis. EUS staging of gallbladder carcinoma can help guide therapy 
and predict prognosis. Recently, EUS‐GBD has become an attractive alternative procedure for 
management of acute cholecystitis in high‐risk surgical patients.
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Abstract

Gallstone disease is one of the common diseases. Laparoscopic cholecystectomy is the 
routine surgical treatment. However, the optimal timing and safety to perform this oper-
ation are still debated, especially in exceptional situations of each patient. In this chapter, 
we have collected data from many literatures to summarize the role of laparoscopic cho-
lecystectomy in special situations that are in patients with pregnancy, cirrhosis, diagnosis 
of acute cholecystitis, and situs inversus.

Keywords: laparoscopic cholecystectomy, acute cholecystitis, pregnant, cirrhosis, situs 
inversus

1. Introduction

Cholecystectomy is one of the most common abdominal operations. Ninety percent of 
patients were performed by laparoscopy. In gallstone disease, laparoscopic cholecystec-
tomy (LC) is the gold standard for surgical treatment. Comparing with open cholecystec-
tomy (OC), LC has many benefits that are less postoperative pain, better cosmetic, shorter 
hospital stays, and less disability. In 1882, Carl Langenbuch of Berlin performed the first 
elective cholecystectomy in a patient with symptomatic cholelithiasis. By the 1960s, lapa-
roscopic technique has been developed. The gynecologist accomplished the first tubal liga-
tion by laparoscopic technique. In 1987, Eric Muhe, German surgeon, performed the first 
LC successfully. Then, laparoscopic technique and new technology for laparoscopy have 
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been developed and commonly used. In 1992, there were published prospective randomized 
trials comparing the results of LC with OC. These results demonstrated that LC associated 
with less postoperative pain, shorter hospitalization, and more rapid return to full activity. 
At the same year, LC became the gold standard operation for gallstone disease. In 1995, 
Strasberg et al. reported a dissecting technique “the critical view of safety” before clipping 
or dividing the cystic duct. This technique resulted in decreasing the risk of bile duct injury 
(Figure 1). Three years later, Lo et al. reported early LC in patients with acute cholecystitis. 
These results showed fewer complications and shorter hospitalization comparing with per-
forming interval cholecystectomy [1].

In the present, minimally invasive surgical equipment and surgical skills have more devel-
oped. Absolute and relative contraindications for LC have been diminished. Absolute con-
traindications include inability to tolerate general anesthesia, refractory coagulopathy, and 
suspicion of carcinoma. In special situations or some relative contraindications, such as in 
patients with liver cirrhosis, acute cholecystitis, pregnancy, and situs inversus, have been 

Figure 1. Critical view of safety for laparoscopic cholecystectomy.
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challenging. Therefore, we reviewed literatures to determine whether LC for patients with 
these special situations is safe.

2. Laparoscopic cholecystectomy in patients with acute cholecystitis

In the past, the patient with acute cholecystitis mostly scheduled for OC after the inflam-
mation had subsided. These patients always resulted in recurrent attacks of biliary colic 
before definite surgery [2]. Then, many studies of early cholecystectomy within 72 hours of 
admission for acute cholecystitis had been published with favorable outcomes [3–7]. In 2006, 
Stevens et al. reported immediate LC within 24 hours of emergency department admission. 
Postoperative outcomes in term of operative time, conversion rate, and complication were 
not different from patients who had been performed LC after 24 hours. In immediate LC 
group, length of hospital stay was significantly shorter than patients performed LC after 24 
hours [8]. In 2010, Gurusamy et al. reported a meta-analysis of randomized controlled trials 
comparing early LC (within 7 days of onset of symptom) with delayed LC (at least 6 weeks 
after the attack of symptom) in patients with acute cholecystitis. There was no significant 
difference regarding the incidence of bile duct injury or conversion rate between the two 
groups; however, patients with failed initial conservative treatment who required emer-
gency LC had a high conversion rate of 45%. Considering the early LC group, these patients 
obtained a faster return to work, and the total hospital stay was shorter than in the delayed 
group [9]. In 2015, Wu et al. reported a meta-analysis of 15 randomized clinical trials com-
paring early (within 7 days of onset of symptom) with delayed LC (at least 1 week after 
initial conservative treatment) in a total of 1625 patients with acute cholecystitis. They found 
that early LC could significantly reduce hospital costs and contribute to an earlier return 
to work, whereas there was no significant difference in conversion rate, bile duct injury, or 
overall complications between two groups. In the delayed LC, patients experienced recur-
rent attack of gastrointestinal symptoms frequently. The incidence of recurrent attacks was 
14% at 6 weeks, 19% at 12 weeks, and 29% at 1 year [10]. In 2016, Roulin et al. published a 
prospective randomized trial comparing clinical outcomes of early LC (as soon as possible) 
and delayed LC (at least 6 weeks after initial diagnosis) in 86 patients of acute cholecystitis 
with more than 72 hours of symptoms. The median interval of waiting time for delayed sur-
gery was approximately 8 weeks. Thirteen patients (29.5%) of delayed LC group had recur-
rent of symptoms or failure of initial conservative treatment. They found that postoperative 
complications and overall morbidity were not significantly different between both groups. 
Early LC was associated with shorter total hospital stay and reduced hospital costs compar-
ing with the delayed group [11].

In conclusion, overall morbidity and complication between early LC and delayed LC were not 
significantly different from previous studies. The patient with acute cholecystitis has trended 
to be managed by early LC within 7 days of the onset of symptom. Additionally, the patient 
has benefits of shorter hospital stay and reduced hospital costs comparing with the delayed 
LC group.
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3. Laparoscopic cholecystectomy in pregnant patients

Gallstone-related disease, which is a wide spectrum of clinical presentations ranging from 
biliary colic to acute gallstone pancreatitis, is one of the most common nonobstetric conditions 
requiring operative management [12, 13]. The management in these patients with gallstone-
related diseases still have controversy both surgeons and obstetricians. In the past, conserva-
tive treatment followed by LC was accepted to perform for pregnant patients; however, the 
risk of fetal death was higher [14]. Moreover, 40–92% of patients had readmission because of 
recurrence of symptoms [14–16]. Then, early LC is preferred, as results of maternal and fetal 
morbidity and mortality including the risk of preterm labor do not increase comparing with 
delayed LC after conservative treatment [17, 18].

From previous data, 40% of pregnant patients with symptomatic cholelithiasis require cho-
lecystectomy [19]. Traditionally, operative treatment had been used in complicated disease, 
such as acute cholecystitis, common bile duct stone, repeated attacks of biliary colic, and bili-
ary pancreatitis. Nowadays, recent evidence has found that operative management in uncom-
plicated disease reduced overall morbidity including maternal and fetal complications [20].

Which operation is proper for pregnant patients with gallstone-related disease, LC versus 
OC, has been debated. The benefit of LC in pregnant patients similar with nonpregnant 
patients including reduced morbidity and postoperative narcotic requirement, shorter 
hospital stay, and earlier mobilization [21–23]. Although LC has been accepted for preg-
nant patients, number of OC has still a high proportion [22, 24]. Many confounding factors 
include technical limitation; especially in the third trimester that large uterine resulted in 
poor vision obtained and limited laparoscopic access, nontechnical limitation that is uncer-
tain physiological effect of a pneumoperitoneum on the fetus has to be investigated [23]. 
Nonetheless, LC seems to be performed as a favorable operation more than OC for pregnant 
patients. In 2011, there was literature review of performing LC comparing with OC in preg-
nant patients. The result showed no significant difference in postoperative complications 
[17]. In 2016, Sedaghat et al. reported a systematic review and meta-analysis comparing LC 
with OC in pregnant patients. They found that LC was a safe procedure in any trimester of 
pregnancy with significantly lower maternal and fetal complications, lower surgical com-
plication, and shorter length of hospital stay comparing with OC. However, surgery should 
have been delayed until the second trimesters that had a lower risk of preterm delivery and 
also the benefit of performing the operation in an abdomen without interference of large 
gravid uterus. Operative time was not significant difference between the two procedures. 
For the risk of preterm delivery, the result showed the nonsignificant higher rate of preterm 
delivery in LC group compared with OC group (P = 0.59) [18]. In the long-term effect of the 
child development, there was a small series demonstrating on the growth or developmental 
delayed after 8-year follow-up [25].

In conclusions, LC is recommended to perform in the second trimester, which is thought to be 
the safest of all trimesters, because of decreased risk of abortion, reduced anesthetic risk, and 
avoiding the operation with large uterus in the third trimester.
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4. Laparoscopic cholecystectomy in cirrhotics

Cholelithiasis in patients with cirrhosis appears the incidence of 9.5–13.7% versus 5.2% in 
noncirrhotic patients [26, 27]. This high incidence results from several factors of cirrhotic liver, 
such as hemolysis, hypersplenism, reduction in biliary acidity, functional alterations in gall-
bladder, and metabolic liver failure, leading to an increased in unconjugated bilirubin secre-
tion [27]. In the past, these patients mostly required cholecystectomy by an open approach. 
OC in cirrhotic patients related with more blood loss, longer operative time, and prolonged 
hospital stay, compared with those performed LC [28, 29]. Moreover, the morbidity and mor-
tality rates for OC in cirrhotic patients were quite high with 5–23% and 7–20%, respectively 
[28, 29]. Excessive blood loss with following postoperative liver failure and sepsis produced 
such poor results [29].

The major operating difficulties contain the increased vasculature, coagulopathy, and throm-
bocytopenia secondary to portal hypertension that increases the risk of intraoperative bleed-
ing [29]. In addition, the fibrotic liver may impact capability to retract the fundus of the 
gallbladder, which results in more troublesome exposure of Calot’s triangle [30]. Thus, cir-
rhosis was initially considered as a relative contraindication for LC [31, 32]. Until now, there 
are abundant evidences to demonstrate that LC has been improved in operating skill and 
equipment to be safe for cirrhotic patients with symptomatic gallbladder disease. In 2012, 
Machado reviewed 1310 cirrhotic patients undergoing LC. Majority of the patients (78.8%) 
were in Child-Pugh class A, followed by 19.5 and 1.6% of Child-Pugh classes B and C, respec-
tively. The results showed that the conversion rate was 4.58%, morbidity and mortality was 17 
and 0.45%, respectively. In Child-Pugh class C patients who undergone LC, the reported mor-
bidity has been as high as 75%. The frequent complications are liver failure and sepsis [33].

In 2003, Puggioni et al. reported a meta-analysis of 25 published reports with over 400 patients. 
They found that the conversion rate in cirrhotic patients was significantly higher than in 
patients without cirrhosis (7.06% versus 3.64%, P = 0.024), longer operative time (98.2 min 
versus 70 min, P = 0.005), and increased overall morbidity (20.86% versus 7.99%, P ≤ 0.001). 
Comparing with OC, LC was associated with less operative blood loss (113 ml versus 425.2 
ml, P = 0.015), shorter operative time (123.3 min versus 150.2 min, P ≤ 0.042), and reduced 
length of hospital stay (6 days versus 12.2 days, P ≤ 0.001) [29].

In 2012, Laurence et al. revealed a meta-analysis of three randomized clinical trials including 
a total of 220 cirrhotic patients (112 patients in LC group and 108 patients in OC group). They 
found that overall complications, infectious complications, and length of hospital stay were 
significantly reduced in the LC group. The incidence of postoperative hepatic insufficiency did 
not differ significantly between two groups; however, the LC group had trend to have a lower 
incidence of postoperative hepatic insufficiency [34]. In 2013, de Goede et al. published a meta-
analysis of four randomized clinical trials comparing LC and OC for patients with cirrhosis 
and symptomatic cholecystolithiasis, which included a total of 234 patients. Ninety-seven per-
cent of patients had Child-Pugh class A or B. Overall postoperative complications appeared 
significantly fewer after LC (P = 0.03). The most common postoperative complication in the 
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OC group was wound infection. There was no statistically significant difference in operating 
time between two groups (P = 0.58). Hospital stay was significantly shorter in the laparoscopic 
group (P ≤ 0.001). Number of blood transfusions required had no statistically significant differ-
ence between the two groups (P = 0.06). Time to resume a normal diet was significantly shorter 
in the laparoscopic group (P ≤ 0.001) [35].

In conclusion, LC in cirrhotic patients (Child-Pugh class A or B) can be safely performed 
with acceptable morbidity and benefits of less blood loss, reduced hospital stay, shorter time 
to resume a normal diet than in the OC group. From the limited previous data, LC should 
not be performed for cirrhotic patients who also have acute cholecystitis or with Child-Pugh 
class C.

5. Laparoscopic cholecystectomy in patients with situs inversus

Diagnosis of gallstone disease in patients with unknown history of situs inversus is challeng-
ing. Because of the unusual anatomy of the left-sided gallbladder (Figures 2 and 3), the clini-
cal presentation of these patients usually involves left upper quadrant pain; however, 30% of 
patients were reported to manifest with epigastrium pain. Ten percent of patients complain 
of right upper quadrant pain, which is a classic presentation in the general population [36]. 
Such a symptom could be troublesome in patients with previously diagnosed situs inversus.

Laparoscopic cholecystectomy remains the standard operation for treatment of gallstone 
diseases, even in the patient of situs inversus. In 1991, Campos and Sipes reported the first 
successful laparoscopic cholecystectomy in a patient with situs inversus with symptom-
atic gallstone [37]. The difficulty of LC in a situs inversus patient is the operative tech-
nique. In 2008, Fernandes et al. described a three-port technique employed by a left-handed 

Figure 2. Left-sided gallbladder.
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surgeon. They placed a 12-mm sub-umbilical camera port, a 10-mm epigastric port, and a 
5-mm left subcostal port to perform successful laparoscopic cholecystectomy [38]. In 2010, 
Eisenberg described a four-port technique using a “mirror image” port placement tech-
nique for ordinary laparoscopic cholecystectomy. A 12-mm camera port was inserted at 
umbilicus, a 5-mm port was inserted at epigastrium, and two 5-mm additional ports were 
placed along left subcostal line. The left-handed surgeon performed dissection through the 
epigastric port. However, most surgeons are right-handed dominant. They have always 
some troubles, such as “sword fighting” between both hands and difficulty for dissection 
using a nondominant hand. In 2016, Phothong et al. reported the four-port technique of 
LC for right-dominant surgeons. The operative equipment, surgeon’s position, and port 
placement were prepared as “mirror image” to the routine laparoscopic cholecystectomy. 
The surgeon was positioned on the right side of the patient with situs inversus. They placed 
the left midclavicular port 5 cm caudally from left costal margin. The right-handed surgeon 
could perform the dissection by the dominant hand through this port with a more ergo-
nomic position. This resulted from increased working space around Calot’s triangle and 
decreased “sword fighting” situation [39].

Laparoscopic cholecystectomy in patients with a left-sided gallbladder is not often confi-
dently performed by right-dominant surgeons; however, the obvious identification of Calot’s 
triangle with or without the aid of radiologic procedure, along with the more ergonomic port 
position, is the key to successfully achieve this operation. Moreover, patients will still obtain 
benefits from this standard minimally invasive technique.

Figure 3. Cystic duct identification.
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Abstract

Cholecystectomy is one of the most commonly performed abdominal procedures with 
more than 600,000 performed annually in the United States. Laparoscopic cholecystec-
tomy, first introduced in the 1980s, offered faster recovery time and a more cosmetic 
result making it the more favorable approach. In developed countries, up to 90% of cho-
lecystectomies are done via laparoscopy. After the first robotic surgery platform was 
approved by the FDA in 2000, it provided surgeons with enhanced ergonomic capa-
bilities and visualization and also offered possibility of telemedicine. The first series of 
robotic cholecystectomies soon followed in the last 15 years, and robotic cholecystectomy 
has become increasingly popular and has been established as a safe approach. The aims 
of this chapter are to address the history of robotic-assisted cholecystectomy, the techni-
cal aspects of multiport and single-port approaches, use of cholangiography, demonstra-
tion of safety and use in both community and academic settings.

Keywords: cholecystectomy, robotic surgery

1. Introduction

Today, in the United States, gallstone disease is one of the most common surgical diseases. An 
estimated 750,000 cholecystectomies are performed annually in the United States [1].

Management of gallstones has had a remarkable evolution in the last 20 years; however, 
mankind’s journey in managing biliary disease has spanned more than 1600 years. The first 
description of gallstones was recorded by a Greek physician, Alexander Trallianus in the 
500 AD. Early attempts to manage this disease included “cholagogues,” which were medi-
cations thought to increase bile secretions and attempts to induce vomiting in an effort to 
dislodge the stones. Efforts to “dissolve” the stones were also unsuccessful. By the 1600s, 
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experiments in dogs demonstrated that survival was possible after gallbladder removal. In 
1743, Jean-Louis Petit performed the first “drainage” of the gallbladder through a percutane-
ous trocar [2–4]. It was not until 1867, that the first cholecystotomy was performed by Dr John 
Stough Bobbs. Bobbs opened the gallbladder, removed the gallstones within and then closed 
it [5]. This changed the philosophy of the management of gallbladder disease at that time. In 
1882, Carl Langenbuch performed the first cholecystectomy in a patient concluding that the 
gallbladder should be removed “not because it contains stones, but because it forms them.” 
Cholecystectomy then became a standard surgery for gallbladder disease [3].

The next landmark in gallbladder surgery was in 1985, when the first laparoscopic gallblad-
der surgery was performed by Dr Erich Mühe in Germany. Immediately he saw advantages 
over the traditional open approach with the immediate recovery stating “the approach was 
like magic.” Unfortunately, he was met with much skepticism by colleagues who rejected 
this novel approach [6, 7]. It was not until laparoscopic cholecystectomy was performed in 
France that it began to spread globally. Dr Philippe Mouret of Lyon in France was a private 
surgeon who shared his practice with a gynecologist, who was performing laparoscopy. 
He too never published his achievement, stating “I did not see any chance for publishing 
in a surgical journal.” Unlike Mühe, news of Mouret’s success spread throughout France. 
Francois Dubois, a surgeon in Paris also performed a successful laparoscopic cholecystec-
tomy and together with Jacques Perissat circulated news of this technique to the world [8, 
9]. Laparoscopic cholecystectomy gradually became an attractive alternative to open chole-
cystectomy with its superior outcomes and is now the gold standard. The learning curve for 
laparoscopic surgery is long, requiring close training, with most complications occurring 
within the first 30 cases [10].

The next decade saw the introduction of single-site laparoscopic cholecystectomy, with the first 
reports published in 1995. This approach hoped to achieve even more enhanced cosmesis and 
decreased post-operative pain. Early versions of the technique utilized standard laparoscopic 
equipment via two 10 mm port incisions in the umbilicus. At the end of the procedure, the 
bridge of skin between the two incisions was cut to permit extraction of the gallbladder [11]. In 
1997, this evolved to a single incision surgery technique where multiple ports could be placed 
through a single incision. In order to perform this type of surgery, surgeons use end articulat-
ing instruments and specialized ports. The most popular commercial ports are the TriPort™ 
(Olympus) and SILS port™ (Covidien) [12, 13]. While the benefits of single-site surgery include 
cosmesis and are thought to reduce postoperative pain, concerns about the complications and 
technical aspect of this type of surgery remain a topic of controversy. Several large prospective 
randomized and case-matched cohorts have demonstrated no significant increases in compli-
cations, such as port site hernias or pain scores. While the procedure is slightly longer, with an 
average operative time of roughly 70 minutes compared to 55 minutes for multiport cholecys-
tectomy, patients report greater satisfaction with the cosmetic result  [13–16]. While the overall 
success and popularity of single-site surgery has been well described, the technical difficulty of 
the procedure remains a deterrent. Additional concerns about complications such as hernias, 
wound infection and increased pain have been demonstrated in prospective randomized con-
trolled trials [17, 18]. Furthermore single-site laparoscopic surgery is limited technically due to 
instrument collisions and the distance needed to travel from the umbilicus to the right upper 
quadrant. In order to operate effectively through a minimal access port, surgeons need to cross 
hand a difficult task to do laparoscopically (Figure 1).
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Robotic surgery has helped to overcome the challenges of conventional and single-site 
laparoscopy. In 2000, the FDA approved the first robotic surgery system. The first robotic 
cholecystectomy was performed on a human the following day [20]. Since then, the 
robotic-assisted platform has been applied to gynecologic, urologic, thoracic, colorectal 
and general surgery. Additionally, single-site cholecystectomy has also become increas-
ingly popular.

2. General indications

Indications for cholecystectomy include [21, 22]:

• Symptomatic cholelithiasis

• Biliary dyskinesia

• Acute cholecystitis

• Gallstone pancreatitis

Outpatient cholecystectomy can be performed in most patients; however, patients with acute 
cholecystitis or gallstone pancreatitis should be managed urgently.

Absolute contraindications include [23]:

• Inability to tolerate general anesthesia

• Suspicion of gallbladder cancer

Figure 1. Single site surgery considerations: (L) Conventional laparoscopic instruments are challenging to use, 
and require the surgeon to cross instruments and arms in order to maintain maneuverability.  (R) Robotic single 
site surgery these challenges into account and compensates for this, while allowing the surgeon to maintain their 
orientation. Ref. [19].
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3. Special considerations

3.1. Obesity

Although once an exclusionary factor, robotic surgery is now performed regularly in obese 
patients, including single-site surgery. In a series of patients with BMI ≥ 30 mg/m2, the only 
significant difference in robotic cholecystectomy was a slightly longer operative time in obese 
patients (69.8 vs. 59.2 minutes, p = 0.001) [24].

3.2. Pediatric patients

Although we do not perform robotic cholecystectomy in pediatric patients in our practice, 
several studies have demonstrated that it can be performed safely. In a series of pediatric 
patients ranging 10–18 years, both multiport and single-site cholecystectomies were per-
formed without complications [25]. Although laparoscopic cholecystectomy and robotic cho-
lecystectomy have similar postoperative stays, concerns about the increased cost remain [26].

3.3. Pregnancy

Cholecystectomy in pregnant patients ranges from 1 case per 1100 to 10,000 live births [27]. 
According the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) 
guidelines, laparoscopic cholecystectomy is safe during all trimesters [28]. At the time of this 
writing, robotic-assisted cholecystectomy has not been reported in the literature. However, 
there are case reports of gynecologic and urologic procedures which include robotic partial 
nephrectomy, adrenalectomy and salpingo-oophorectomy being performed using the robotic 
platform. These procedures typically are performed during the second trimester [29–31]. The 
future of robotic cholecystectomy during pregnancy is yet to be determined.

3.4. Anatomic variations and biliary imaging

Biliary injuries occur in 0.2–0.8% of patients undergoing laparoscopic cholecystectomy [32, 
33]. One of the suggested underlying causes is variant anatomy. Gallbladder and cystic duct 
anatomy can have many variations in all patients including: anomalous hepatic and cystic 
artery course (50%), variations in insertion of the cystic duct and the common hepatic duct, 
duplicate gallbladder and cystic ducts (0.03%), right segmental hepatic bile duct coursing close 
to cystic duct (5%) or may have an absent cystic duct (rare) [34, 35]. The consequences of bili-
ary injuries can be serious, requiring additional surgeries to reconstruct the biliary anatomy.

Measures to reduce the rate of biliary injuries include intraoperative imaging. For many years, 
cholangiography has been a mainstay of biliary imaging. Recently, especially in robotic-
assisted surgery, fluorescent imaging has become popular as it does not require cannulation 
of the cystic duct or additional radiation exposure.

The use of indocyanine green (ICG) to image the biliary tree was first described in 1992 [36]. 
ICG is a tricarbocyanine dye that is excreted into the bile. Peak concentration in the bile occurs 
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at 120 minutes [37]. An intravenous dose of 2.5 mg is given during administration of anes-
thesia or in the preoperative area. When illuminated with near infrared (NIR) light, ICG will 
emit light at a peak wavelength of 830 nm. In order to view ICG in structures, the laparoscope 
must include a charge-coupled device (CCD) camera which can filter out wavelengths less 
than 810 nm [38]. In 2013, the Firefly™ Fluorescence Imaging Vision System was approved 
by the FDA for use with da Vinci® robotic platforms. Fluorescent image guidance can be used 
sporadically as verification or in real time. Use of indocyanine green has been repeatedly 
demonstrated as a safe technique in both laparoscopic and robotic-assisted cholecystectomy, 
allowing for visualization of the cystic duct, common bile duct and common hepatic duct in 
94% or more of cases [39–41]. ICG can also be used to visualize the cystic artery if assessed 
within 45 seconds of an injection of ICG, but may lead to confusion between the vascular and 
biliary structures.

ICG is contraindicated in pregnancy, and in patients with allergies to iodine. Additionally, it 
is not an adequate tool to assess choledocholithiasis.

In our experience, ICG has been an important tool in cases of severe inflammation, help-
ing to identify biliary structures in fibrinous areas and avoid conversion to open procedures 
(Figure 2).

Figure 2. Top: cystic fundus and duct obscured by fibrinous tissue and adhesions. Bottom: cystic duct outlined by 
indocyanine green and near infrared imaging using the da Vinci Fluorescence Imaging Visual System.

Robotic Approach to Cholecystectomy
http://dx.doi.org/10.5772/67517

129



4. Multiport robotic cholecystectomy

4.1. Instruments

• Fundus grasper

• Monopolar cautery hook

• Hem-o-lok® clips and applier, or metal clips

• Curved scissors

• Maryland dissector

• Endocatch bag

• (Optional) AirSeal® system

4.2. Patient preparation

The patient is placed in the supine position with the arms tucked. General anesthesia is admin-
istered and the abdomen is then prepped and draped with the entire abdomen exposed.

If imaging of the biliary tree will be performed, indocyanine green is given intravenously (2.5 
mg).

4.3. Port placement, docking

In our operating room, the operating table is rotated 90° after intubation. The robot is docked 
from the patient’s right and anesthesia is at the head of the bed to the patient’s left. A scrubbed 
assistant can stand to the patients left (Figure 3).

A 12 mm umbilical incision is made and a 12 mm robotic trocar is placed. After insufflation 
of the abdomen to 15 mmHg, an additional three ports are placed under direct visualiza-
tion (Figure 4). In our practice, we use the AirSeal® (SurgiQuest, Inc., Milford, CT), to reduce 
smoke accumulation in the abdomen.

4.4. Dissection

After identification of the gallbladder, the fundus is retracted cephalad over the liver by the 
bedside assistant using a third robotic arm, or manually by a scrubbed assistant. In our prac-
tice, we do not require the third arm which reduces cost. The surgeon sits at the operating con-
sole. Adhesions are taken down using the Maryland dissector. Using an additional grasper, 
the gallbladder is retracted inferolaterally to expose the triangle of Calot.

The cystic duct and cystic artery are identified and further dissected using blunt techniques 
(Figure 5). NIR imaging can be used if the patient was given ICG. The critical view is then 
obtained after further dissection of the posterior peritoneum overlying the liver. The surgeon’s 
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Figure 3. Operating room setup.

Figure 4. Top: placement of ports: (1) left arm instrument port, (C) camera port, (2) accessory port/AirSeal® trocar, (3) 
right arm instrument port. Bottom: docked robot.
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right hand instrument is then exchanged for a Hem-o-lok® clip applier (or similar apparatus). 
The duct and artery are both clipped three times, with space to allow two clips to remain on 
proximal end of both the artery and duct.

The clip applier is then exchanged for a curved scissor to divide both the cystic artery and cys-
tic duct. The gallbladder is then dissected from the liver surface using hook cautery. If a poste-
rior branch of the cystic artery is encountered, this can also be ligated with Hem-o-lok® clips or 
cauterized. An additional option is bipolar cauterization of the cystic duct and arteries which 
has been demonstrated to be effective; however, the use is limited by additional expense [42].

Prior to disconnecting the gallbladder, it can be used to retract the liver to examine for bleed-
ing. Additionally, the cystic artery and ductal stumps can be examined. After completion of 
the gallbladder resection, it can then be placed in an Endocatch bag and removed through the 
umbilical port.

The trocars are then removed under direct visualization. The fascia at the umbilicus is reap-
proximated with a figure of 8-0 vicryl stitch. The skin is reapproximated with interrupted 4-0 
chromic sutures.

5. Single-port robotic cholecystectomy

In addition to the multiport technique, single port robotic cholecystectomy has become a pop-
ular modality made easier with the ergonomics afforded by the robotic platform. The design 
of the da Vinci® Single Site® platform minimizes instrument collisions by using curved trocars 
and flexible instruments. The first series on single-port robotic cholecystectomy were pub-
lished in 2011. Subsequent studies, including randomized prospective trials demonstrated 
no difference in complications compared to conventional laparoscopic cholecystectomy but 

Figure 5. Blunt dissection of the cystic duct and artery. (L) liver, (C) cystic duct, (G) gallbladder.
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an increased preference by patients [43–45]. When compared to single-site laparoscopy, the 
robotic approach is associated with less pain [46].

5.1. Instruments

• da Vinci® Single Site® port

• Two 5 mm curved cannulae

• 5 mm semirigid instruments

 ○ Maryland dissector

 ○ Monopolar cautery hook

 ○ Hem-o-lok® clips and applier, or metal clips

 ○ Curved scissors

• Endocatch bag

5.2. Patient preparation

Patient positioning is similar to multiport robotic-assisted cholecystectomy. The patient is in 
the supine position and arms are tucked. General anesthesia is administered and the abdo-
men is prepped and draped in a similar fashion. If imaging of the biliary tree will be per-
formed, indocyanine green is given at least 45 minutes prior to visualization.

5.3. Port placement, docking

As with multiport cholecystectomy, the operating table is rotated 90° after intubation. 
The robot is docked from the patient’s right and anesthesia is at the head of the bed to the 
patient’s left. A scrubbed assistant stands to the patients left. The patient is placed in reverse 
Trendelenburg position to allow the intestines to fall away from the liver and gallbladder bed.

A 2.5 cm vertical umbilical incision is made and extended to the fascia. A finger sweep is 
performed to clear the area of adhesions and bowel. A multiport da Vinci® Single-Site® port 
(Intuitive Surgical Inc., Sunnyvale, CA, USA) is then placed inside. Wetting the port and or 
using an S retractor can help facilitate placement. In our practice, we secure the port in place 
to minimize movement with 2-0 nylon sutured from the edges of the port superficially to the 
skin at four points.

The port used with the da Vinci Si Surgical System includes five lumens including an insuf-
flation adapter, accessory port, two-curved cannulae ports and a camera port (Figure 6). After 
insufflation, the curved cannulae are placed until the first black line is visible within the abdo-
men. The right-sided cannula is operated by the surgeon’s left hand, and the left-sided can-
nula is operated by the surgeon’s right hand. Care must be taken to not create a false tract 
within the single-site port by forcing entry of the cannula.
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5.4. Dissection

After identification of the gallbladder, a standard laparoscopic grasper is placed through 
the accessory port. This must also be accomplished carefully so as not to create a false tract 
within the single-site port. The bedside assistant retracts the gallbladder fundus cephalad and 
over the liver. The surgeon sits at the operating console. Adhesions are taken down using the 
Maryland dissector. Using an additional grasper, the gallbladder is retracted inferolaterally.

The cystic duct and artery are dissected bluntly. If needed, near infrared (NIR) imaging can be 
used to visualize the biliary anatomy 45 minutes after administration. As with the multiport 
technique, dissection continues until the critical view is obtained. The surgeon’s right hand 
instrument is then exchanged for a Hem-o-lok clip applier (or equivalent). Three clips are 
placed on each duct and artery and transected above the first two clips with robotic Endoshears.

The gallbladder is then dissected from the liver bed using hook cautery, using the same prin-
ciples described in multiport robotic cholecystectomy. The abdomen is inspected for hemo-
stasis and the gallbladder placed in an Endocatch bag.

The single-site port is then released from the stay sutures and removed. The fascia at the 
umbilicus is reapproximated with a running 0-vicryl. The skin is reapproximated with inter-
rupted 4-0 chromic.

6. Conversion to open

Indications to convert to an open procedure include adhesions, suspected biliary duct injury, 
bowel injury and hemorrhage.

Robotic surgery and utilization of ICG may lead to a reduction in rates of conversion to open sur-
gery [47, 48]. In a large series of laparoscopic cholecystectomy, the rate of conversion is reported 

Figure 6. da Vinci® Single Site® multiport system. Left: side view, Right: intra-abdominal side/port sites. (C) curved 
cannulae, (I) insufflation port, (A) accessory port.
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technique, dissection continues until the critical view is obtained. The surgeon’s right hand 
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rupted 4-0 chromic.

6. Conversion to open

Indications to convert to an open procedure include adhesions, suspected biliary duct injury, 
bowel injury and hemorrhage.

Robotic surgery and utilization of ICG may lead to a reduction in rates of conversion to open sur-
gery [47, 48]. In a large series of laparoscopic cholecystectomy, the rate of conversion is reported 

Figure 6. da Vinci® Single Site® multiport system. Left: side view, Right: intra-abdominal side/port sites. (C) curved 
cannulae, (I) insufflation port, (A) accessory port.
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as 2.6–3%, with adhesions being the most common reason for conversion [49, 50]. When com-
pared to robotic surgery in a recent meta-analysis, conversion rate ranged as high as 15.7% for 
laparoscopic compared to 1.9% in robotic surgery, but did not reach statistical significance [51].

7. Cost

A significant concern about the utilization of robotic surgery is the associated cost which has 
been a topic of debate. Analyses of the outpatient costs of robotic-assisted cholecystectomy 
show higher total charges and costs when compared to laparoscopic surgery. However, pro-
ponents cite the numerous benefits of robotic surgery including enhanced surgeon ergonomics 
and the potential for building skills to perform more complex operations robotically [48, 52]. 
In pediatric patients hospitalization cost for robotic compared to non-robotic averaged $11,000 
vs. $7000 [26].

The increased cost in robotic surgery, however, may be a related to it being a relatively new 
technology with limited competition. In hospitals with an established infrastructure for 
robotic surgery, there is potential for cost efficacy. In a review from one institution, over-
all savings from supplies and instruments and shortened operating room times resulted in 
robotic single-site laparoscopic cholecystectomy being more cost effective than laparoscopic 
cholecystectomy [53]. When comparing cost margin only at a private community hospital, 
there was no difference in cost between robotic and laparoscopic cholecystectomy [54].

A similar concern regarding cost existed when laparoscopic cholecystectomy was first 
introduced. Although laparoscopic surgery had increased costs, the savings resulted from 
decreased hospital stays [55]. Today, cholecystectomy is performed routinely as an outpatient 
procedure, and those that are hospitalized are able to be discharged after 1 day. A possible 
area where robotic surgery can present a cost benefit is in the use of ICG vs. cholangiography 
and reduction in biliary injuries and subsequent surgeries and hospitalization.

8. Outcomes

8.1. Biliary injury

With the integration of the Fluorescence Visual Imaging System, biliary imaging is readily 
available following the injection of ICG. In a comparison to laparoscopic cholecystectomy, 
robotic cholecystectomies were found to have less open conversion, less major biliary injuries 
and increased identification of biliary anomalies [47].

8.2. Hernia

Port site hernias remain a concern of single-site surgeries. In the laparoscopic literature, 
reported rates range between 2.9 and 8.4% [17, 56]. Data from robotic single-site surgery are 
limited to smaller case series. In a retrospective series of 27 patients, 5 (19%) trocar-site hernias 
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were reported [57]. In a retrospective study of 112 obese patients, there was only 1 incisional 
hernia (0.9%) [24]. Further long-term studies are needed to further describe the scope of this 
complication.

8.3. Postoperative pain

Robotic surgery is theorized to cause less post-operative pain due to less torque applied to 
the incision sites. A retrospective study comparing single-site robotic cholecystectomy and 
single incision laparoscopic cholecystectomy demonstrated lower post-operative pain scores 
in the robotic group [46]. Conversely, in a randomized double-blind trial comparing single-
site robotic cholecystectomy to laparoscopic cholecystectomy, there were no significant differ-
ences between the two groups [58].

9. Robotic cholecystectomy and surgical education

Robotic cholecystectomies are currently performed in a broad range of hospital settings from 
community to academic teaching institutions. Trainee involvement does not affect outcomes 
[54, 59]. In our institution, resident trainees develop robotic skills on a simulator, and gradu-
ally acquire the skills required to perform the dissection. We anticipate that robotic skills will 
be an essential part of the surgeon’s toolkit. Further evaluation of the learning curve of robotic 
surgery in graduate medical education is warranted.

10. Future directions

In addition the da Vinci® platform, several other new systems are being introduced.

The Revo-I® Model MSR-5000 is currently undergoing animal study in robotic cholecys-
tectomy. Similar to the da Vinci® system, it offers 3D visualization, tremor filtration and 
7 degrees of freedom. However, the current machine is limited to monopolar and bipolar 
energy sources [60].

One criticism of robotic surgery compared to laparoscopic surgery is the absence of haptic 
feedback. The Telelap ALF-X® provides haptic feedback, and the developers of the Revo-i® are 
reportedly developing a haptic feedback component [60]. The Telelap ALF-X® has been used 
to date in gynecologic and urological procedures.

11. Conclusions

Robotic cholecystectomy offers a safe modality to continue treating biliary disease. The contin-
ued study of this technique will identify potential safety and cost benefits. Continued develop-
ment of new robotic technologies may further diversify the field and curb economic concerns.
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