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Preface

Diseases of the Gallbladder (GB) are relatively common, and the most com-
mon pathology is gallstone affecting 10–15% of the adult population. Most 
of the patients with GB diseases come to the hospital with RUQ pain or dis-
comfort. We can diagnose most diseases of the GB (gallstone, inflammation, 
and cancer) by laboratory examinations and imaging (ultrasonography, CT, 
and MRI) along with endoscopic ultrasonography. However early diagnosis 
of gallbladder cancer is still difficult.

Our knowledge of the genetics and pathogenesis of various gallbladder 
diseases has expanded recently, and there are several guidelines for the man-
agement of diseases of the GB.

This book provides up-to-date information on all aspects of diseases of 
the GB. As an introduction, laboratory findings, diagnosis, and therapeutic 
methods on diseases of the GB are explained. Up-to-date knowledge regard-
ing GB stones, acalculous cholecystitis, GB lesions associated with IgG4 
related disease, and in patients with pancreaticobiliary maljunction, dyski-
nesia of the GB, and incidental GB cancer are described. All about GB can-
cer including epidemiology, risk factors, gene mutation, diagnostic methods, 
and various treatment modalities are explained. Current issues such as poly-
poid lesions and wall thickening of the GB, and prophylactic cholecystec-
tomy in patients with concomitant gallstones after removal of CBD stone by 
ERCP are discussed. Furthermore, endoscopic drainage of the GB is com-
pared with PTGBD.

The goals of this book are to provide those studying the GB with the 
opportunity to obtain a complete understanding, and to present the prac-
ticing physician with the principles of current diagnosis and treatment 
on diseases of the GB. We are deeply grateful to all the authors for their 
painstaking writing and contributions in preparing this informative book. 
The publisher has also made a significant contribution to this book and has 
turned out an impressive volume with illustrations of the highest quality.

Goyang-si, Korea (Republic of) 
Neyagawa, Japan  
March 2020 

Jae Bock Chung
Kazuichi Okazaki
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Overview of Diseases 
of the Gallbladder

Jae Bock Chung and Jae Uk Chong

Introduction

The gallbladder (GB) is a small size, pear-shape, 
simple structure organ which temporarily stores 
bile. The GB lies on the inferior surface of the 
right lobe of the liver and has distinct anatomic 
zones (fundus, body/infundibulum, neck, and 
cystic duct). Histologically, the GB has four lay-
ers: mucosa, consisting of columnar epithelium 
and lamina propria; a thin layer of smooth mus-
cle; a perimuscular layer of connective tissue; 
and a serosal layer [1]. The gallbladder, despite 
its simple structure and function, is a complex 
organ [2].

Diseases of the GB are relatively common, 
with the most common pathology, cholelithiasis, 
affecting 10–15% of the adult population, while 
the worldwide occurrence of gallbladder cancer 
is less than 2/100,000 individuals with a great 
geographic variation [3].

Currently, imaging studies such as ultra-
sonography (US), computerized tomography 
(CT) and magnetic resonance imaging (MRI), 
and endoscopic ultrasonography (EUS) can 
detect lesions in the lumen and the wall of GB. 
The contractile function of GB can be meas-
ured by cholecystokinin-cholescintigraphy 
(CCK-CS).

Almost all the patients come to the hospital 
with the symptoms (acute RUQ pain or recurrent 
RUQ vague discomfort to pain) or for evaluation 
of abnormal image findings (gallstone, polyp, 
wall thickening, and tumor) of the gallbladder.

RUQ Pain Suggesting Acute 
Cholecystitis

Differential Diagnosis

The differential diagnosis for RUQ pain suggest-
ing acute cholecystitis should include diseases 
which simulate cholecystitis: gastrointestinal 
tract (perforated or penetrating ulcer and acute 
appendicitis), pancreas (acute pancreatitis and 
pseudocyst), kidney (acute pyelonephritis and 
renal colic), lung (pleurisy, right basilar pneu-
monia, empyema, and pleurodynia), heart 
(myocardial infarction and pericarditis), and 
 pre-eruptive herpes zoster [4].

© Springer Nature Singapore Pte Ltd. 2020 
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preoperative ERCP with EST or intraoperative 
bile duct exploration can remove the stone.

About 20% of patients with acute cholecysti-
tis need emergency surgery. Patients with acute 
cholecystitis who undergo early laparoscopic 
cholecystectomy (before symptoms have lasted 
for 72–96 hours) have lower complication rates, 
lower conversion rates, and shorter hospital 
stays than those undergoing interval surgery, 
which is performed 6–12 weeks after the acute 
episode to allow the inflammatory process to 
resolve [5].

Percutaneous cholecystostomy is a minimally 
invasive procedure that can benefit patients with 
high risk from surgery (see chapter ‘Percutaneous 
Transhepatic Gallbladder Drainage (PTGBD)’). 
Endoscopic transpapillary and transmural gall-
bladder drainage are helpful in patients who are 
not good candidates for percutaneous therapy or 
surgery [5, 10] (see chapter ‘Endoscopic Drainage 
of the Gallbladder’).

Acute Acalculous Cholecystitis

Acute acalculous cholecystitis accounts for 
5–14% of cholecystitis. Acalculous cholecystitis 
tends to occur in critically ill patients and results 
may be life-threatening. Risk factors include 
severe trauma or burns, major surgery (such as 
cardiopulmonary bypass), long term fasting, 
total parental nutrition, sepsis, diabetes melli-
tus, atherosclerotic disease, systemic vasculitis, 
acute renal failure, and AIDS [5, 11, 12].

The diagnosis of acute acalculous cholecys-
titis may be ambiguous in critically ill patients 
as Murphy’s sign is difficult to elicit and many 
imaging findings are either insensitive or non-
specific [12].

Management involves percutaneous chol-
ecystostomy, surgical cholecystectomy, or 
endoscopically placed metal stent through the 
gastrointestinal tract into the gallbladder [10, 12] 
(see chapter ‘Acalculous Cholecystitis: Diagnosis 
and Treatment’).

Patients with acute cholecystitis may have 
a history of biliary colic attacks or remains 
asymptomatic until the presenting episode [5].

Plain abdominal radiographs can reveal radio-
opaque gallstones in about 10% of cases of acute 
cholecystitis and gas within the gallbladder wall 
in emphysematous cholecystitis [5] Initial imag-
ing modality considered for acute cholecystitis 
is ultrasonography. CT or MR imaging may be 
required for evaluating complications of acute 
cholecystitis and to exclude other pathologies that 
can present with right upper quadrant pain [6] (see 
chapter ‘Imaging Diagnosis of Diseases of the 
Gallbladder: US, CT and MRI’). Biliary scintig-
raphy  (hepato-iminodiacetic acid [HIDA] scan) 
is the gold standard when the diagnosis remains 
uncertain after ultrasonography [5].

Laboratory examinations of acute cholecys-
titis are CBC, liver function tests, amylase, and 
CRP (see chapter ‘Laboratory Examinations 
of Diseases of the Gallbladder’). TG18/TG13 
severity grading for acute cholecystitis is a use-
ful indicator from the prognostic perspective [7].

Acute Calculous Cholecystitis

Acute cholecystitis is most often caused by gall-
stones. Gallstones are present in about 10–15% 
of adults, and more than 80% of them are 
asymptomatic. Acute cholecystitis develops in 
1–3% of patients with symptomatic gallstones 
[3, 5, 8, 9].

As an initial examination, transabdomi-
nal ultrasonography can detect gallstones with 
distended GB, edematous GB wall, and per-
icholecystic fluid, and Murphy’s sign can be 
elicited during the examination [5]. In addition, 
abnormal findings of the bile duct (dilatation 
and stone) and the pancreas (enlargement, peri-
pancreatic fluid collection, and intrapancreatic 
parenchymal necrosis) can be detected.

If a stone in the common bile duct is highly 
suspected by liver function tests, MRCP 
may be helpful. When a CBD stone is found, 
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Unexplanied Recurrent RUQ Vague 
Discomfort or/and Pain

Differential Diagnosis

Diagnostic tests for differential diagnosis of a 
patient with recurrent unexplained RUQ vague 
discomfort or/and pain should focus on exclud-
ing more common diseases including malig-
nancy, GB microlithiasis or sludge, GERD, 
peptic ulcer disease, functional dyspepsia, 
chronic pancreatitis, and musculoskeletal syn-
drome [13, 14].

Although initial ultrasound examination may 
show no abnormal findings, repeat examination 
may be of use for the evaluation of biliary colic. 
In a patient with suspected microlithiasis, EUS 
may be more valuable than ultrasonography (see 
chapter ‘EUS of Diseases of the Gallbladder’). 
EGD is also essential to exclude common 
causes within GI tracts. Abdominal CT and MRI 
should be reserved for patients with persistent 
symptoms.

Gallbladder Dyskinesia

Gallbladder dyskinesia is a motility disorder 
characterized by biliary pain without structural 
and mechanical cause for the pain. Recently, 
diagnostic criteria for gallbladder dyskinesia 
was defined in Rome IV criteria [13, 14].

Although the etiology of GB dyskinesia is 
not known, there are several hypotheses. GB 
dyskinesia is a diagnosis of exclusion in patients 
with typical biliary pain. To exclude structural 
abnormality and malignancy of the biliary duct 
and pancreas, various laboratory tests including 
bile examination and imaging studies with EUS 
can be done. Cholecystokinin-cholescintigraphy 
(CCK-CS) is an important diagnostic tool 
for gallbladder ejection fraction (GBEF). A 
decreased GBEF (<40) is considered an objec-
tive measure of gallbladder disorder [13] (see 
chapter ‘Dyskinesia of the Gallbladder’).

Gallstone

Differential Diagnosis

Ultrasonography can detect almost all gallstones 
accurately except for microlithiasis. The lesions 
for differential diagnosis of gallstone include 
cholesterol polyp and small sludge ball. These 
lesions can be differentiated with EUS or other 
imaging studies such as CT or MRI.

Management

Gallstones are classified into cholesterol stones 
and pigment stones based on composition. Black 
pigment stones can be caused by chronic hemol-
ysis; brown pigment stones typically develop in 
obstructed and infected bile ducts [15].

Risk factors for gallstones include female 
sex, age, pregnancy, physical inactivity, obe-
sity, and overnutrition. Metabolic syndrome 
increases the risk of developing gallstones and 
forms the basis for primary prevention with life-
style modifications [15]. There are studies about 
genetic background as a risk factor of gallstone 
(see chapter ‘Pathogenesis and Treatment of 
Gallbladder Stones’).

The therapeutic option for gallstone disease 
is based on a few crucial steps, i.e., presence/
absence of typical symptoms such as colicky 
pain, presence of complications, and gallblad-
der function, as well as composition and size of 
gallstones [16].

Common bile duct (CBD) stones are found in 
5–10% of patients undergoing cholecystectomy 
for symptomatic cholelithiasis [17–19]. Currently, 
cholecystectomy after removal of stone in the CBD 
with EST is the usual method for patients with 
stones in both GB and CBD. However, prophy-
lactic cholecystectomy in patients with GB stones 
after CBD stones removal by EST remains contro-
versial (see chapter ‘Prophylactic Cholecystectomy 
in Patients with Concomitant Gallstones After 
Removal of CBD Stones by ERCP’).
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for malignancy (see chapter ‘Diagnostic and 
Therapeutic Algorithm: Polypoid Lesions of the 
Gallbladder’).

GB Wall Thickening

Differential Diagnosis

Diffuse GB wall thickening (>3 mm) can result 
from a broad spectrum of pathologic conditions, 
including surgical and nonsurgical diseases: 
cholecystitis (acute calculous and acalculous, 
and chronic), liver diseases (hepatitis, cirrho-
sis, and portal hypertension), extracholecystic 
inflammation (pancreatitis, colitis, peritonitis, 
and pyelonephritis), systemic diseases (con-
gestive heart failure, renal failure, sepsis, and 
hypoalbuminemia), malignancy (primary GB 
carcinoma and lymphoma), adenomyomatosis, 
pseudothickening (contracted state), and atypi-
cal infection (tuberculosis and Dengue hemor-
rhagic fever) [28, 29].

Focal wall thickening of the GB can be seen 
in polyps (adenomas and cholesterol polyp), 
malignancy (primary GB carcinoma and metas-
tases), focal adenomyomatosis, and focal xan-
thogranulomatous cholecystitis [28, 30].

Distinguishing early-stage cancer from 
benign wall thickening of GB is important. The 
contour of lesion, patterns of wall thickness, 
intramural cystic space, and patterns of GB wall 
enhancement are used as differential points [31, 
32] (see chapter ‘Diagnostic Strategies for Early 
Diagnosis’).

Ultrasonography may be the initial imag-
ing modality for GB wall thickening, but fur-
ther evaluation with contrast-enhanced CT and/
or MRI may be needed when the findings are 
equivocal. EUS can better define the character-
istics of GB wall thickening. There are many 
reports on differentiating benign and malignant 
wall thickening using MRI (conventional and/or 
diffusion-weighted imaging), contrast-enhanced 
US, real-time GB elastography,  multi-detector 
CT (MDCT), nuclear medicine and 
 contrast-enhanced harmonic EUS (CEUS) [28, 

Gallbladder Polyp

Differential Diagnosis

The prevalence of gallbladder polyps varies 
from 0.3 to 12% in healthy adults who undergo 
abdominal ultrasonography. GB polyps are clas-
sified into two groups: neoplastic (adenoma and 
adenocarcinoma) and nonneoplastic (cholesterol 
polyps, inflammatory polyps, and adenomyoma-
tosis). However, only 5% of polyps are consid-
ered to be true gallbladder polyps, meaning that 
they are malignant or have malignant potential 
[20, 21].

Adenomas have malignant potential, and 
there are reports suggesting adenoma–carcinoma 
sequence in the GB [21–23].

Transabdominal ultrasonography is the cur-
rent mainstay for the radiological investigation 
of gallbladder polyps. In case of uncertainty, 
additional imaging modalities and EUS may 
be used for therapeutic decision (see chapters 
‘Differential Diagnosis by Imaging Between 
Benign and Malignant Lesion with Imaging’ and 
‘Role of EUS’).

Management and Follow-up

Retrospective studies have found the risk of 
malignancy for polyps rises sharply from 10 mm 
and upwards, and the general consensus is that 
patients with polyps of 10 mm or greater should 
be treated with cholecystectomy [24–26]. Polyps 
under 10 mm should undergo surveillance 
unless significant risk factors are present in 
which cholecystectomy should be offered [24].

A case report showed a malignant trans-
formation of a 5 mm polyp into a 20 mm car-
cinoma over a period of two years [27]. Babu 
et al. [25] reviewed 10 studies which looked at 
the follow-up of gallbladder polyps between six 
months and seven years, and found that 7.6% of 
polyps increased in size during the follow-up.

The recommended follow-up for patients 
with gallbladder polyps depends on the size 
of the polyps and the presence of risk factors 
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squamous carcinoma, and neuroendocrine 
tumor), non-epithelial tumors (lymphomas and 
sarcomas), and metastatic tumors (melanoma, 
kidney, and breast). Benign tumors include 
epithelial tumors (adenoma, adenomyomato-
sis, papillomatosis, and heterotopic tissue), 
 non-epithelial tumors (leiomyoma, lipoma, and 
neural tumors), and pseudotumors (cholecystitis, 
cholesterolosis, and inflammatory polyp) [36] 
(see chapter ‘Pathology: Non-neoplastic and 
Neoplastic Diseases of the Gallbladder’).

The most frequent benign tumors and pseu-
dotumors of the gallbladder are cholestesterol 
polyp, adenoma, adenomyomatosis, and choles-
terolosis [36–38].

Rare mass forming lesions mimicking neo-
plasm of GB include hematoma and tumefactive 
sludge [39, 40]. Mass forming lesion of GB can 
also be seen in patients with malakoplakia and 
IgG4-related sclerosing cholecystitis [41, 42] 
(see chapter ‘IgG4 Related Cholecystitis’).

The cross-sectional imaging patterns of gall-
bladder carcinoma have been described as a 
mass replacing the gallbladder in 40–65% of 
cases, focal or diffuse gallbladder wall thicken-
ing in 20–30%, and an intraluminal polypoid 
mass in 15–25% [43–47].

Ultrasonography, contrast-enhanced CT, and 
EUS may be valuable in the differential diag-
nosis of GB tumor. Tumor markers such as CA 
19-9 and CEA should be checked. Serum IgG4 
is helpful for the diagnosis of mass forming 
IgG4-related sclerosing cholecystitis. Equivocal 
mass lesions of the gallbladder can be diagnosed 
histologically by EUS-FNA or percutaneous 
needle biopsy (see chapters ‘Tissue Acquisition 
of Diseases of the Gallbladder: Percutaneous 
Ultrasound-Guided Biopsy’ and ‘Tissue 
Acquisition for Diagnosis of the Gallbladder 
Disease: EUS-Guided Biopsy’).

Gallbladder Cancer (GBC)

The worldwide occurrence of gallbladder can-
cer is less than 2/100,000 individuals, but this 
has been recorded with extensive variance in 

33, 34] (see chapters ‘Differential Diagnosis by 
Imaging Between Benign and Malignant Lesion 
with Imaging’ and ‘Role of EUS’).

Management

Diffuse GB wall thickening can result from a 
broad spectrum of systemic pathological con-
dition, and sometimes a short-term follow-up 
examination with ultrasonography, and inquir-
ing the list of broad etiologies for difficult cases 
may prove to be helpful.

Corwin et al. [30] analyzed retrospectively 
116 patients with incidental focal fundal GB 
wall thickening on contrast-enhanced CT, and 
found four cases (3.4%; 95% CI, 0.9–8.6%) of 
malignancy which showed characteristic find-
ings of GB wall (hyperenhancing/heterogeneous 
enhancement in three cases and full thickness 
homogeneous enhancement in one case). The 
mean thickness of the malignant lesion was sig-
nificantly greater than the benign lesion (15.8 
± 8.1 mm vs. 9.0 ± 3.1 mm, p < 0.0001, 
respectively).

For early detection of carcinoma of the gall-
bladder, it seemed essential to pay careful atten-
tion to mild mucosal changes, as more than 50% 
of early cancer did not show apparently protrud-
ing lesions [35].

The diagnostic and therapeutic algorithm 
of wall thickening of GB is discussed in chap-
ter ‘Imaging Features of Gallbladder Lesions 
Manifesting Wall Thickening’.

GB Tumor

Differential Diagnosis

GB tumors are rare compared to gallstone dis-
ease, and its prevalence varies from 3 to 7% in 
the general population [36, 37].

GB tumors are classified as malignant and 
benign tumors. Malignant tumors include epi-
thelial tumors (adenocarcinoma, undifferenti-
ated carcinoma, adenosquamous carcinoma, 
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In order to improve survival in patients with 
locally advanced T3/T4 tumors and lymph 
node involvement, adjuvant chemotherapy and 
chemoradiotherapy following surgical resec-
tion are recommended [62, 63]. While neoad-
juvant chemotherapy may increase resectability 
and survival, there are concerns regarding a 
delay in the surgical resection and disease pro-
gression. The results of neoadjuvant chem-
otherapy (NACT) or chemoradiotherapy 
(NACRT) in patients with GBC were reviewed 
recently [64] (see chapters ‘Neoadjuvant and 
Adjuvant Chemotherapy’ and ‘Role of Radiation 
Therapy’).

If jaundice is present, gallbladder drain-
age can be done via endoscopic (transpapil-
lary or transmural), or percutaneous routes. 
Chemotherapy, radiation, or both may improve 
survival and palliation of symptoms. Patients 
who recur early should be managed similar to 
those with initial metastatic disease [53, 59, 65–
67] (see chapter ‘Patterns of Recurrence and its 
Effective Treatment’).

Conclusion

Currently, we can diagnose most of the patients 
with diseases of the gallbladder using various 
imaging modalities (abdominal ultrasonography, 
CT, and MRI) and endoscopic ultrasonography. 
Patients are treated by laparoscopic cholecystec-
tomy, percutaneous cholecystostomy or endo-
scopic drainage of gallbladder depending on the 
physical status without difficulties. However, the 
prognosis of gallbladder cancer is dismal due to 
delayed diagnosis and absence of adequate per-
sonalized target therapy. In the chapters of this 
book, up-to-date information on all aspects of 
diseases of the gallbladder will be described.
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Carcinoma’).

Patients with T2 or greater disease seem 
to benefit most from adjuvant therapy follow-
ing definite resection [53, 59–61] (see chapter 
‘Recent Advances of Surgical Treatment for 
Gallbladder Carcinoma’).
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Laboratory Examinations 
of Diseases of the 
Gallbladder

Jae Bock Chung and Jae Uk Chong

Introduction

When patients present to the physician with 
abdominal pain in the right upper quadrant 
(RUQ), nausea, vomiting, and fever, we can 
diagnose the disease of the gallbladder (GB) 
with ease. However, if the symptom is vague 
RUQ discomfort, it is not easy to diagnose the 
problem, and several examinations are needed to 
solve the problem. Laboratory examinations for 
diseases of the GB include CBC, liver function 
tests including bilirubin, serum amylase, and 
CRP, and tumor markers such as CA 19-9 and 
CEA. In addition, there are stool examination 
for parasites, serum IgG4 for IgG4-related dis-
ease, bile examinations from duodenum or GB, 
and tests for Helicobacter sp. In this chapter, we 
describe laboratory examinations for diseases of 
the GB.

Tests of Acute Cholecystitis

White Blood Cell (WBC)

Mild acute cholecystitis (AC) produces only 
subtle abnormalities on routine laboratory inves-
tigations. The white blood cell count commonly 
ranges between 10,000 and 15,000/mm3, usu-
ally with a preponderance of neutrophils, but 
counts may be normal [1]. Generally, the mean 
WBC count increases significantly with increas-
ing clinical score of AC [mild, 10.4 ± 3.9/µL 
(range; 4–19.8/µL); moderate, 12.1 ± 5.1/µL 
(3.8–28/µL); severe, 18.8 ± 9.9/µL (3.1–53.8/
µL)] [2].

WBC counts greater than 13,000–17,000/
mm3 suggest the possibility of more severe dis-
ease such as gangrene [3–5], but high counts 
may still occur in patients with uncomplicated 
disease [6].

According to the TG18/TG13 severity grad-
ing for AC, elevated WBC count (>18,000/mm3) 
is associated with Grade II (moderate) AC; 
and presence of renal dysfunction (creatinine 
>2.0 mg/dl), hepatic dysfunction (PT-INR >1.5), 
or hematologic dysfunction (platelet count 
<100,000/mm3) is regarded as Grade III (severe) 
AC [7].

Gallbladder (GB) perforation may also 
occur in patients with only mildly elevated or 
even normal WBC counts, especially in elderly 
patients [1, 8, 9]. Among the 90 patients with 
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transaminase and alkaline phosphatase, which 
rarely exceed two to three times the normal lev-
els [1].

However, incidences of liver dysfunction 
were significantly increased when ductal cal-
culi were present [15]. Choledocholithiasis is 
estimated to be present in 5–10% of patients 
undergoing cholecystectomy for symptomatic 
cholelithiasis [16, 17]. According to the recent 
report by Rahal et al. [18], the prevalence of 
CBD stone was 25% in patients with AC.

The proportions of abnormal LFTs were 
significantly higher in acute cholecystitis with 
CBD stone for total bilirubin (47.7% vs. 20.2%), 
SGOT (62.8% vs. 27.1%), and ALP (56.6% vs. 
21.0%) (p < 0.0001) than those without CBD 
stone [19]. AC patients with any abnormal LFT, 
any two abnormal LFTs, and three abnormal 
LFTs, among total bilirubin >1.2 mg/dl, SGOT 
>40 U/L and ALP >120 IU/L, were found to be 
2.23, 5.73, and 12.0 times more likely to have a 
simultaneous CBD stone, respectively [19].

A prospective study by Vildehult et al. [20] 
analyzed 1171 patients operated for gallstone 
disease and established ALP and bilirubin as the 
most reliable predictors of CBD stone, which 
were found in 4.2% of patients with elevated 
liver function values. However, false positive 
and false negative values were common, espe-
cially in patients with a history of cholecystitis 
or pancreatitis. Another study found a different 
liver enzyme, namely γ-glutamyl transpeptidase, 
as the most reliable predictor of CBD stone [13]. 
Many other studies evaluating LFTs for predic-
tion of CBD stone only had limited results [18].

A scoring system integrating LFTs and clini-
cal variables would be more informative in pre-
dicting the presence of CBD stone [19].

C-Reactive Protein (CRP)

The serum CRP, a well-known acute phase 
reactant that increases rapidly in inflammatory 
process, is included in the laboratory findings 
for the diagnosis of acute cholecystitis (AC) in 
Tokyo Guidelines [7], and reflects severity of 
the gallbladder inflammation and have been 

GB perforation due to AC, WBC counts were 
5,000–10,000/mm3 in 18.9%, 10,000–12,000/
mm3 in 20.0%, 12,000–20,000/mm3 in 24.4%, 
and 20,000–37,000/mm3 in 36.7% [10].

Recently, Sato et al. [11] reported that 
 inflammation-based prognostic scores, such as 
the NLR (neutrophil-to-lymphocyte ratio), GPS 
(the Glasgow Prognostic Score), mGPS (modi-
fied Glasgow Prognostic Score) and the CRP/
ALB (C-reactive protein/Albumin) ratio, could 
predict the severity grade independently in 
patients with AC, and may play a complemen-
tary role in predicting disease severity of AC in 
conjunction with the TG 13 severity grade.

Bilirubin

Jaundice is occasionally present in acute chol-
ecystitis (AC) and is generally mild. Elevated 
serum bilirubin levels of up to 3.5 mg/dL are 
most frequently caused by extension of the 
inflammatory process to the common bile duct 
(CBD) or the hepatic parenchyma, rather than 
the CBD obstruction [1].

Twenty-five percent of patients with acute 
calculous cholecystitis had a serum bilirubin 
level between 2.0 and 5.0 mg/dL with no CBD 
abnormality. Over one-third of patients with 
acute acalculous cholecystitis had an elevated 
bilirubin level (greater than 2.0 mg/dL) with a 
normal CBD [12].

The serum total bilirubin (mg/dL) [mean ± 
SD (range)] level of patients with AC and con-
comitant CBD stone was significantly higher 
than those without CBD stone [4.08 ± 3.30 (0.6–
23.0) vs. 1.72 ± 1.48 (0.2–8.6), p < 0.001] [13].

A rapid increase in serum bilirubin level of 
more than 4 mg/dL in a day should raise suspi-
cions for GB perforation [1].

Liver Function Test (LFT)

About 70% of patients with acute cholecysti-
tis (AC) showed some evidence of liver dys-
function [14]. Acute cholecystitis is associated 
with mild elevation of LFTs such as the serum 
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identified as a predictor for conversion from lap-
aroscopic cholecystectomy (LC) to open proce-
dure in several studies [21–24].

In general, the serum CRP levels <10 mg/L 
are clinically insignificant for diagnosis of AC 
and other acute inflammatory reactions. On the 
other hand, CRP levels >100 mg/L are strongly 
associated with local tissue necrosis, and bacte-
rial infection rates are reported to be 80–85% 
[25, 26].

The serum CRP cutoff value in diagnos-
ing AC was reported as 30.5 mg/L (95% CI, 
10.2–50.8 mg/L) with 85% sensitivity, 92% 
specificity, and 89% AUC at the cutoff point 
[27]. Advanced inflammatory stages of GB were 
associated with significantly increased CRP val-
ues (mean; 42.1 mg/L [range; 2–227 mg/L] in 
mild AC, 91.0 mg/L [2–319 mg/L] in moderate 
AC and 146.4 mg/L [2–419 mg/L] in advanced 
AC) [24]. Mean CRP levels of groups accord-
ing to Tokyo Guidelines were also found to be 
significantly different: 18.96 mg/L in Group I, 
133.51 mg/L in Group II and 237.23 mg/L in 
Group III [28].

In a large-scale retrospective cohort study of 
1843 patients, the optimal cutoff value of CRP 
in diagnosing mild AC was 26.5 mg/L (95% 
CI, 13.6–39.4 mg/L) with 84% sensitivity, 89% 
specificity, and 86% AUC at the cutoff point, and 
the cutoff point of CRP in diagnosing moderate 
and/or severe AC was 67 mg/L (95% CI, 61.9–
72.1 mg/L) with 96% sensitivity, 100% specific-
ity, and 97% AUC at the cutoff point [27].

The serum CRP levels can be a predictor of 
gangrenous cholecystitis. Patients with gan-
grenous cholecystitis had a greater CRP value 
(median; 94 mg/L, range; 0–500 mg/L, n = 
106) than non-gangrenous acute cholecystitis 
(median; 17 mg/L, range; 1.0–380 mg/L, n = 
184) [29].

An increase in the WBC count, LFT values 
(AST, ALT, ALP, GGT), and indices of inflam-
mation (CRP, fibrinogen) reflect the severity 
of GB inflammation and have been identified 
as risk factors for conversion in several studies 
[30, 31]. Wevers et al. [23] found that older age 
(>65 years) and elevated CRP level (>165 mg/L) 

are independent factors for conversion in early 
LC for acute cholecystitis, and concluded that 
high risk of conversion should be informed dur-
ing surgical planning for AC in patients with age 
>65 years and/or CRP level >165 mg/L.

Amylase

Hyperamylasemia occurring with GB disease in 
the absence of pancreatitis has been described 
by many authors [32–35]. Mild elevation of 
serum amylase activity is a frequent finding 
in acute cholecystitis, and amylase activity 
may increase by 3–5 times the normal values. 
Hyperamylasemia is especially common in gan-
grenous forms [1].

Hyperamylasemia without pancreatitis was 
found in 4% of acute calculous cholecystitis and 
37% of acute acalculous cholecystitis, all with-
out CBD abnormality [12].

In most of the patients (41 of 43 patients) 
who underwent cholecystectomy in presence of 
elevated amylase and/or lipase level without the 
evidence of clinical pancreatitis preoperatively 
or gross pancreatitis intraoperatively, the amyl-
ase and lipase levels returned to normal within 
48 hours of cholecystectomy [36].

Geokas et al. [37] speculated that a nor-
mal pancreas in presence of cholecystitis may 
respond with a high output of amylase, whereas 
the output of amylase from a chronically 
inflamed, fibrotic pancreas may be much lower.

Bernard and associates [32] suggested that 
the hyperamylasemia seen in acute cholecystitis 
without pancreatic disease is caused by absorp-
tion of the enzyme via the biliary ducts and 
liver. Their experimental study showed that the 
injection of pancreatic juice into the obstructed 
common bile duct resulted in no change in 
serum amylase concentration, while concomi-
tant ligation of the cystic duct increased the 
amylase several folds.

Although hyperamylasemia may result from 
associated pancreatic inflammation in AC, evi-
dence of acute pancreatitis is often lacking and 
the source of the enzyme may be the GB itself. 
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and virus (Cytomegalovirus, Epstein-Barr virus, 
and Dengue virus) [46, 47].

There were some reports of patients with 
AAC from Fusarium spp., Clostridia glycoli-
cum, Actinomyces spp., Klebsiella ozaenae, 
Listeria monocytogenes, Staphylococcus aureus, 
Streptococcus bovis and Campylobacter spp. 
[47–54].

Bile aspiration of the GB showed a lim-
ited role in the diagnosis of AC. Bile culture 
was not helpful in the prediction of AC, since 
results were not available until a minimum of 
24–48 hours after the aspiration. In addition, 
gram-stained smears and bile cultures suffered 
from low sensitivity (48% and 38%, respec-
tively); consequently, a negative test does not 
allow the diagnosis of AC to be excluded [55]. 
Interestingly, GB bile obtained after cholecys-
tectomy for symptomatic cholelithiasis showed 
different culture positivity rate depending on the 
location acquired from (100.0% in neck, 64.5% 
in body, and 41.9% in fundus) [56]. Yoshida 
et al. [57] also recommend that a separate frag-
ment of gallbladder wall should be sent for cul-
ture and histology, along with gallbladder bile 
for culture during cholecystectomy, especially in 
severe forms of AC.

Tumor Markers

Carbohydrate antigen 19-9 and carcinoembry-
onic antigen are tumor markers most commonly 
utilized in the diagnosis of gallbladder cancer 
(GBC). The sensitivity/specificity of CA 19-9, 
CA 125, CA 242 and CEA in diagnosis of GBC 
were 77.5%/68.7%, 64%/90%, 64%/83%, and 
61%/44%, respectively [58–61].

Shukla et al. [58] reported that combination 
of CA 242 and CA 125 achieved best sensitivity 
(87.5%) and specificity (85.7%) among CA 242, 
CA 19-9, CA 15-3, and CA 125 in patients with 
GBC. Diagnostic accuracy (80.65%) was the high-
est in the combination of CA 19-9 and CA 125.

There are also case reports of unusual GBC pro-
ducing α-fetoprotein, α-fetoprotein-L3, and human  
chorionic gonadotrophin, and α-fetoprotein and  
CEA [62–64].

Amylase is present in various concentrations in 
many tissues including the GB [38], and ectopic 
pancreatic tissue has been reported to be found 
in the GB [39].

Etiologic Pathogens

Acute cholecystitis (AC) is initially a chemical 
inflammation, but regularly complicated by bac-
terial invasion from the gut. Mixed infections 
are prevalent, bactibilia occurs in at least 60% of 
the early stage of AC. In a series of 515 patients 
with AC, GB bile culture was positive in 63% of 
cases operated within 24 hours of the onset of 
AC, while in the group receiving delayed sur-
gery, after 11 days or more, the rate decreased to 
31% [40]. A close relationship is found between 
the presence of bactibilia and infectious compli-
cations [41].

In ACC (acute calculous cholecystitis), 
the most commonly encountered pathogens are 
enteric origin (Escherichia coli, Klebsiella spp., 
Enterococcus spp. and anaerobes) regardless of 
the duration of ACC [42, 43]. The presence of 
bacteria in the gallbladder (GB) bile varies from 
41 to 63% in patients who underwent cholecys-
tectomy for ACC [40, 42, 43].

Among 139 eligible patients who underwent 
cholecystectomy for the treatment of ACC, 50.4% 
(79 pts) showed bactibilia and 21.6% (30 pts) 
showed bacteremia. In patients with both bacti-
bilia and bacteremia, 50% (11/22 pts) showed 
concordant cultured organisms. Antimicrobial 
resistance rate of E. coli was 59.1% in bile speci-
mens and 16.7% in blood samples [44].

Recurrence of ACC following antibiotic treat-
ment was between 0 and 37% [45].

In AAC (acute acalculous cholecystitis), 
the reported pathogens are bacteria (Brucella 
spp., Coxiella burnetii, Leptospira interrogans, 
Mycobacterium tuberculosis, Orientia tsut-
sugamushi, Salmonella spp., and Vibrio chol-
erae), fungus (Candida albicans, C. glabrata, 
C. parapsilosis, C. tropicalis; Histoplasma 
capsulatum, and Cryptococcus spp.), parasite 
(Cyclospora spp., microsporidia, Plasmodium 
falciparum, P. vivax, and Schistosoma mansoni), 
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and results from real-time fluorescent PCR. The 
positive rate of C. sinensis with light micros-
copy was 84.3% in pigment stones, 17.4% in 
cholesterol stones, and 46.7% in mixed stones 
[98]. Numerous calcified parasite eggs detected 
in the gallbladder wall were compatible with 
eggs from the liver fluke [99].

Parasite infection can be diagnosed by 
detecting eggs in stool and bile examinations. 
Serology test can also be informative. US guided 
gallbladder aspiration has been reported to be 
useful in diagnosis of biliary fascioliasis [100].

Immunoglobulin G4 (IgG4)

IgG4-related disease (RD) is a chronic inflam-
matory disorder characterized by high level of 
serum IgG4, tumefaction, or tissue infiltration 
by IgG4+ plasma cells. A diagnosis of IgG4-RD 
is definite in patients with positive findings in 
following three features: (1) diffuse/localized 
swelling or masses in single or multiple organs, 
(2) elevated levels of serum IgG4 concentration 
(135 mg/dl or higher), and (3) histopathological 
study showing marked lymphocyte and plasma-
cyte infiltration and fibrosis, and IgG4-positive 
plasma cell infiltration (ratio of IgG4/IgG posi-
tive cell >40% and IgG4-positive plasma cells/
HPF >10) [101, 102].

A serum IgG4 cut-off level of ≥135 mg/dl is 
considered a unique and reliable marker predic-
tive of IgG4-RD [102]. The reported sensitivity 
of IgG4 for the diagnosis of IgG4-RD ranged 
from 52 to 97%, whereas the specificity ranged 
from 60 to 97% [103]. The IgG4 value was sig-
nificantly higher in patients with multiorgan 
involvement than in those with a single mani-
festation (median; 629 mg/dl vs. 299 mg/dl, p < 
0.01) [104].

IgG4-RD in the hepato-biliary pancreatic sys-
tem are IgG4-related pancreatitis, IgG4-related 
sclerosing cholangitis, IgG4-related cholecysti-
tis, and IgG4-related hepatopathy [105, 106].

IgG4-related cholecystitis has been reported 
to present as either diffuse gallbladder wall thick-
ening or localized mass. Ishigami et al. [107] 
found 12 cases of IgG4-related cholecystitis after 

Tunan et al. [65] evaluated the prognos-
tic value of CA 19-9 and CEA in 73 patients 
who underwent radical resection for GBC. 
The cumulative 5-year survival rates in group 
I (patients with elevation of CEA), group II 
(patients with elevation of CA 19-9 but not 
CEA), and group III (patients without elevations 
of either CA 19-9 or CEA) were 0, 14.0%, and 
42.8%, respectively (P < 0.05).

There are several reports investigating neu-
trophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), GPS, absolute neu-
trophil count, and absolute lymphocyte count 
in patients with GBC as a prognostic indicator 
[66–69].

Currently, many tumor diagnostic, prognos-
tic, predictive, and therapeutic biomarkers are 
being evaluated for clinical applications, but the 
results are still unsatisfactory [70–75].

Parasite

Ascaris lumbricoides is the most frequent 
human intestinal nematode. Ascaris may enter 
the common bile duct and main pancreatic duct 
in 2.1% of cases [76]. In gallbladder ascariasis, 
fatal complications such as gallbladder empy-
ema, septicemia, pericholecystic abscess, or per-
foration may ensue [76, 77].

In gallbladder ascariasis, the worms were 
expelled spontaneously with the resolution of 
symptoms and signs in 21% (10/47 patients) 
[77].

The parasites causing cholecystitis have been 
reported as following: Taenia solium, T. sagi-
nata, Schistosoma mansoni, S. haematobium, 
Giardia lamblia, Leishmania spp., Plasmodium 
falciparum, Sarcocystis spp., Cryptosporidium 
spp., Cystoisospora belli, Echinococcus granu-
losus, Toxocara canis, T. cati, Clonorchis sin-
ensis, Opisthorchis felineus, Fasciola hepatica, 
F. gigantica and Dicrocoelium dendriticum [46, 
78–97].

C. sinensis eggs were detected in 122 
(66.7%) of 183 gallbladder stones (pigment 
stones; 115, cholesterol stones; 23, mixed 
stones; 45) based on morphologic characteristics 
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Dahan et al. [114] reported on the prospec-
tive evaluation of endoscopic ultrasonography 
and microscopic examination of duodenal bile 
obtained under endoscopic control in 45 patients 
with suspected cholecystolithiasis and at least 
two normal transcutaneous ultrasonography for 
the diagnosis of cholecystolithiasis. The sen-
sitivity of EUS was higher than that of micro-
scopic examination of duodenal bile (96% vs. 
67%, p < 0.03) with similar specificity (86% vs. 
91%).

Itoi et al. [115] evaluated the efficacy of bile 
cytology using endoscopic transpapillary gall-
bladder drainage (ETGD) and CT in 85 patients 
(27 GB cancer and 58 benign GB diseases). 
Looking only at the 71 successful ETGD cases, 
ETGD cytology and CT had 100% and 82% 
sensitivity, 98% and 92% specificity, and 99% 
and 89% accuracy, respectively (p = 0.036 and 
0.025, respectively). GB bile from percutane-
ous aspiration of the GB for gram-stained smear 
and culture in patients with acute cholecystitis 
showed a limited diagnostic role as mentioned 
earlier in this chapter [55].

At present, bile examination is not widely 
used clinically due to invasiveness of the pro-
cedure with relatively poor clinical benefits. 
However, further efforts in improving the meth-
ods of examination and discovery of novel tar-
gets to improve diagnosis may prove to be 
valuable in the future for treatment of diseases 
of the GB.

Helicobacter

H. pylori urease gene was demonstrated in three 
bile samples from patients with advanced gas-
tric cancer and pancreatic head cancer by nested 
PCR using two sets of primers for the H. pylori 
urease A gene in 1995 [116], and Kawaguchi 
et al. [117] detected H. pylori in the gallblad-
der’s mucosa of a patient with calculous chol-
ecystitis in 1996.

The prevalence of Helicobacter species infec-
tion of the biliary tract has been reported from 
0 to 70% in different studies from different 
regions [118–122].

systemic review through PubMed search (1980 
to February 2018), and analyzed 13 cases after 
adding their case. Among the 13 cases, 5 cases 
showed diffuse wall thickening, while remain-
ing 8 cases presented with focal mass formation 
mimicking GB cancer. And only 6 of 13 cases 
showed serum IgG4 levels of ≥135 mg/dl at the 
time of diagnosis.

For early diagnosis of IgG4-related chol-
ecystitis, we should keep in mind the radiologic 
findings which suggest IgG4-related cholecysti-
tis, including diffuse wall thickening with intact 
mucosal layer [107]. And in the case present-
ing with a mass lesion of GB, consider a biopsy 
from the lesion if possible with a test of serum 
IgG4.

Bile

Microscopic examination of bile began in 1919, 
when Lyon used a magnesium sulfate solution 
instilled into the duodenum to cause contrac-
tion of the GB and relaxation of the sphincter of 
Oddi [108].

The criteria for microscopic examination of 
bile in diagnosis of cholecystolithiasis include 
the presence of at least one typical cholesterol 
crystal or bilirubinate granule according to 
Juniper and Burson [109] or in the presence of a 
large amount of spheroliths [109, 110].

Intermittent secretion of supersaturated bile 
was noticed by repeated sampling of hepatic bile 
from patients with T tubes [111]. And the intermit-
tent presence of cholesterol crystals in duodenal 
bile is probably not due to dissolution of crystals 
or varying dietary cholesterol intake [112].

Microscopic examination of duodenal bile 
from nasoduodenal intubation predicted the 
gallstone composition correctly in 75% (21 of 
42 patients); it predicted all four (100%) pig-
ment stones, 50% (3 of 6) of  calcium-containing 
cholesterol stones, and 78% (14 of 18) of cho-
lesterol stones with pigment shells, and the 
prediction rate was similar to microscopic exam-
ination of bile aspirated directly from the gall-
bladder during surgery (75% vs. 82%; p = NS) 
[113].
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Conclusion

Currently, we can diagnose the patients with 
typical manifestations of gallbladder diseases 
utilizing laboratory examinations described 
in this chapter along with imaging study. 
Nevertheless, diagnosis of patients with vague 
symptoms for suspected gallbladder disease 
and early gallbladder cancer is still challenging 
when evidences from laboratory examinations 
and the imaging study are uncertain. To over-
come this challenge, discovery of novel labora-
tory tests and tumor markers that can enhance 
diagnostic accuracy are critically needed.
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Non-neoplastic 
and Neoplastic Diseases 
of the Gallbladder
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Introduction

The gallbladder is a unique saclike organ that is 
connected to the extrahepatic bile duct through 
a small tube called the cystic duct. The gall-
bladder is attached to the inferior surface of the 
liver, and it is filled with bile, which becomes 
congealed in the gallbladder. The mucosa of the 
gallbladder is always exposed to condensed bile. 
Thus, diseases of the gallbladder are closely 
related to the bile components.

Cholecystolithiasis is a typical example. 
Inflammatory lesions in the gallbladder are 
related mostly to cholecystolithiasis, but the 
exact mechanisms underlying how gallstones 
develop inflammation have not been elucidated.

Some inflammatory lesions—such as xan-
thogranulomatous cholecystitis and IgG4-related 
cholecystitis—clinically mimic gallbladder car-
cinomas. Gallbladder neoplasms are similar to 
those of the extrahepatic bile duct, except for 
pyloric gland adenoma (PGA), in which tumor 
occurrence is limited almost entirely to the 

gallbladder. Gallbladder carcinomas are clini-
cally unique and are different from carcinomas 
in the extrahepatic bile duct as follows: jaundice 
is rare in the early stages of the gallbladder car-
cinomas, and gallbladder carcinomas can easily 
invade the liver due to the anatomical reasons. In 
this chapter, the pathogenesis of cholecystolithi-
asis is briefly described, and the pathological 
features of representative inflammatory, prolifer-
ative, and neoplastic diseases of the gallbladder 
are explained.

Cholecystolithiasis

Two types of gallstones are recognized: cho-
lesterol gallstones and bilirubin gallstones. The 
pathogenesis of stone formation is different 
between these two types of stones. The major-
ity of gallbladder calculi are cholesterol gall-
stones. Cholesterol is insoluble in the bile and 
is thus secreted as a micelle formed with bile 
salts and phospholipids. If the amount of choles-
terol is too excessive to be dissolved in the bile 
in proportion to the amounts of bile salts and 
phospholipids, cholesterol crystals precipitate 
and give rise to cholesterol stones. In addition to 
the amount of cholesterol in the bile, other fac-
tors such as impaired motility of the gallbladder, 
pro-nucleating factors such as biliary glycopro-
teins and mucin [1], and some lithogenic genes 
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stones or bile [10]. Impaired blood flow may 
be caused by the direct obstruction of the cystic 
artery and/or vein by the impacted stones or by 
the oppression caused by the increased innate 
pressure of the gallbladder. Because suppura-
tive changes are not a basic or universal finding, 
infection does not seem to be the primary cause 
of acute cholecystitis in most cases.

Macroscopically, resected gallbladders are 
dilated, and the walls are edematous (Fig. 1). 
The yellow color of the subserosal adipose tis-
sues is blurred. The mucosa may be necrotic, 
and sometimes pus is attached to the mucosal 
surface. In severe inflammatory lesions, the 
gallbladder walls are transmurally necrotic and 
hemorrhagic, and may even be accompanied by 
abscesses.

Histological features of acute calculous chol-
ecystitis vary depending on the time course and 
the severity. Pathological changes are most com-
mon in the subserosal layer, where the adipose 
tissues disappear and are replaced by fibroblastic 
proliferation and fibrosis. The changes of adi-
pose tissues are not typical of necrosis, because 
inflammatory reactions are absent in the lost adi-
pose tissues. The changes in adipose tissues look 
more like a disappearance of the adipose tissues. 
In some cases, a ghost-like degeneration of adi-
pose tissues can be identified by careful observa-
tion (Fig. 2a), but this finding is easily confused 
with simple edema. Moreover, degenerative adi-
pose tissues often show myxoid changes, where 
plump fibroblasts proliferate at the early stage of 
the inflammation (Fig. 2b). In about a week, fine 
fibrosis consisting of delicate pale eosinophilic 
collagen fibers starts to develop around the 
fibroblasts (Fig. 2c). In older lesions, a fibrous 
scar with a decreased number of fibroblasts 
remains. Scar formation in the midst of subse-
rosal adipose tissue can hardly be observed in 
chronic cholecystitis, and we regard such a find-
ing as healed acute cholecystitis.

Mucosal necrosis is also commonly 
observed. The necrosis may be accompanied 
by neutrophilic infiltration due to the damaged 
mucosal barrier with a subsequent bacterial 
infection. In severe cases, necrosis can be found 

[2–4] are also involved in the formation of cho-
lesterol gallstones.

Black stones, a type of bilirubin gallstones 
without bacterial infection, are less frequent, but 
they have been observed in the gallbladder. The 
formation of black stones is related to excessive 
amounts of bilirubin in the settings of hemoly-
sis, liver cirrhosis, Crohn’s disease, and the for-
mation of Rokitansky-Aschoff sinuses (RAS; 
see section ‘Chronic Cholecystitis’) [5–7].

Bilirubin calcium gallstones are rare in the 
gallbladder. The trigger for the formation of 
bilirubin calcium stones is a bacterial infection. 
Bacterial beta-glucuronidase degrades conju-
gated bilirubin and indirect bilirubin precipitate 
to form bilirubin calcium gallstones. This type 
of stone is thus common in the bile duct. Due to 
the improvement of hygienic environments, the 
number of patients with bilirubin calcium gall-
stones is low in developed countries.

Inflammatory and Circulatory 
Disorders

Acute Cholecystitis

Acute cholecystitis is an acute form of inflam-
mation of the gallbladder. The two types of 
acute cholecystitis, i.e., acute calculous chol-
ecystitis and acute acalculous cholecystitis, 
depend on the presence/absence of gallbladder 
calculi.

Acute Calculous Cholecystitis
Acute calculous cholecystitis is caused by 
impacted gallbladder stones at the cystic duct 
or gallbladder neck or biliary sludge at the neck 
[8, 9], which gives rise to stasis of the bile in 
the gallbladder and subsequent tissue damages. 
The exact mechanism by which tissue damages 
occur in the gallbladder with impacted gallblad-
der calculi or biliary sludge is not clear, given 
that impacted gallbladder stones do not neces-
sarily cause acute cholecystitis. Theories about 
this include impaired blood flow and mechani-
cal or chemical irritation by the components of 
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Fig. 1  A macroscopic picture of acute cholecystitis. The green spots on the mucosa represent necrosis. In the biliary 
tract, bile pigments attach to the mucosal necrosis and then reveal green spots after formalin fixation

Fig. 2  Microscopic pictures of acute cholecystitis. a  
Typical findings are observed in the subserosal layer, 
where adipose tissues disappear and are replaced by 
fibroblastic proliferation. Some foci that look like 
ghosts of preexisting adipose tissues are indicated by 

the arrows. b Fibroblastic proliferation. c Over the time 
course, the number of fibroblasts decreases, and fibro-
sis appears. Finally, such foci will become a scar. d 
Transmural necrosis with hemorrhage is a severe form of 
acute cholecystitis
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inflammation also often involves RAS (see sec-
tion ‘Chronic Cholecystitis’), and in addition to 
neutrophils in the epithelium, fibroblasts prolifer-
ate at the bottom of RAS (Fig. 4). In contrast to the 
usual acute calculous cholecystitis, the structures 
of the gallbladder wall are usually well preserved.

Acute Acalculous Cholecystitis

Acute acalculous cholecystitis has been 
observed in the setting of severe traumas, burns, 
major surgeries, and sepsis [10]. Although the 
precise mechanisms are not yet clear, tissue 
damage is thought to occur in the gallbladder 
due to the dehydration of bile and/or blood flow 
disturbances [11]. The pathological features are 
similar to those of acute calculous cholecystitis, 
and acute calculous/acalculous cholecystitis is 
difficult to distinguish histologically. Subserosal 
fat degeneration is often the main finding, and 
mucosal necrosis is also commonly observed. 
Neutrophils are absent in genuine acute acal-
culous cholecystitis, but they may be observed 
once necrosis occurs in the mucosa.

diffusely and/or transmurally (Fig. 2d). When 
necrosis is transmural, the gallbladder walls are 
hemorrhagic and associated with marked neu-
trophilic infiltration. If neutrophilic infiltration is 
severe, it is a dangerous sign that may represent 
the development of a systemic infection.

Epithelial injuries give rise to epithelial 
regeneration within a few days. The regenerative 
epithelium reveals enlarged nuclei with promi-
nent nucleoli (Fig. 3). These cells are sometimes 
misinterpreted as biliary intraepithelial neopla-
sia (BilIN). Given that acute cholecystitis may 
develop in a gallbladder with preexisting BilIN 
or even invasive carcinomas, this is a diagnostic 
dilemma. Compared to the cells in BilIN, regen-
erative cells have vesicular and round nuclei and 
lack nuclear hyperchromatism. Even so, the dis-
tinction is often difficult, and the diagnosis of 
BilIN must be rendered cautiously in the back-
ground of acute cholecystitis.

Among cases with a clinical diagnosis of acute 
calculous cholecystitis, a milder form of inflam-
mation composed of neutrophilic infiltration in 
the epithelium may be observed. This type of 

Fig. 3  Regenerative epithelium in acute cholecystitis. Such cells should not be confused with biliary intraepithelial 
neoplasia
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fibrosis but are unremarkable in most cases. 
Sometimes, small holes that correspond to the ori-
fices of RAS are detected on the mucosa (Fig. 5), 
and RAS themselves are present in the walls.

RAS is a common finding in chronic cholecys-
titis [12]. Because the lamina muscularis propria 
(LMP) in the gallbladder is so thin (similar to the 
lamina muscular mucosae in the gastrointestinal 
tract), the mucosa can easily protrude outside of 
the LMP when the innate pressure increases, in a 
phenomenon called RAS formation. In this sense, 

Chronic Cholecystitis

Chronic cholecystitis almost always occurs in 
gallbladders with cholecystolithiasis. It is sus-
pected to be caused by chemical irritations of 
the mucosa by components of bile [10]. Chronic 
cholecystitis is not a focus of medical attention 
because it is clinically indolent and does not 
seem to increase the morbidity.

Macroscopically, gallbladders with chronic 
cholecystitis might show wall thickening with 

Fig. 4  A type of acute cholecystitis involving RAS. a Fibroblastic proliferation is observed around the RAS.  
b Neutrophils are numerous in the epithelium

Fig. 5  A macroscopic picture of chronic cholecystitis. Sometimes orifices of RAS are observed (representative exam-
ples are indicated by arrows)
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a marked destruction of the gallbladder walls 
and the aggregation of foamy macrophages. 
Xanthogranulomatous cholecystitis clini-
cally resembles gallbladder cancers for the 
following reasons. First, because of marked 
 tissue-destructive changes, imaging findings 
resemble those of gallbladder cancers. In addi-
tion,  fluorodeoxyglucose-positron emission 
tomography scans may be positive [13]. Second, 
patients often reveal elevated serum CA19-9.

Xanthogranulomatous cholecystitis is often 
observed in the setting of stone impaction at the 
cystic duct or gallbladder neck. In addition to 
the aggregation of foamy macrophages, destruc-
tive tissue changes (i.e., the disappearance of the 
normal gallbladder structure), marked lymphop-
lasmacytic infiltration, and fibrosis is commonly 
observed (Fig. 7), and may even involve the sur-
rounding tissues of the gallbladder.

It is unknown why foamy macrophages 
appear in xanthogranulomatous cholecystitis. 
Some researchers have speculated that this is 
a reaction against cholesterol in the bile leak-
ing into the gallbladder walls. In fact, foci of 
bile leakage are commonly encountered in 
xanthogranulomatous cholecystitis. There are 
reports of the identification of proteins and genes 
of E. coli in the foamy macrophages [14, 15].

Another report indicated that xanthogranu-
lomatous cholecystitis resembled IgG4-related 
disease (IgG4-RD) and contained numerous 

RAS simulate diverticulosis in the colon. Fibrosis 
with minimal lymphocytic infiltration can be 
observed at the bottom of RAS (Fig. 6a). In fact, 
a layer of nearly uniform thickness of fibrosis and 
mild inflammatory (usually lymphocytic) infil-
tration observed just beneath the LMP is usually 
identified in chronic cholecystitis, and it can be 
observed even in areas without RAS.

The fibrosis beneath the LMP may be contin-
uous with the fibrosis in the mucosa (Fig. 6b). In 
fact, the mucosa is often affected by the inflam-
mation, given that metaplastic changes such as 
mucus cells and pyloric glands are common in 
chronic cholecystitis. However, inflammatory 
cell infiltration in the mucosa is minimal, and if 
marked, an association of lymphoplasmacytic 
cholecystitis (see section ‘Lymphoplasmacytic 
Cholecystitis’) is more likely. As described in 
section ‘Acute Calculous Cholecystitis’, a fibrous 
scar in the subserosal adipose tissues is not a 
typical feature of chronic cholecystitis, and we 
regard such a case as healed acute cholecystitis 
unless it is associated with a continuous inflam-
mation. However, some pathologists regard such 
a scar as a feature of chronic cholecystitis.

Xanthogranulomatous Cholecystitis

Xanthogranulomatous cholecystitis is a unique 
form of cholecystitis that is characterized by 

Fig. 6  Microscopic pictures of chronic cholecystitis. a 
RAS formation surrounded by fibrosis is a typical fea-
ture. b A layer of nearly uniform thickness of fibrosis and 

minimal inflammatory infiltration observed just beneath 
the lamina muscularis propria is a characteristic finding, 
and it may be continuous with the fibrosis in the mucosa
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gallbladder is reported to be a risk factor for 
gallbladder carcinomas, and when examined, 
pathologists should take care not to overlook 
 co-existing carcinomas. Gallbladders with 
marked hyaline degeneration but with no or only 
scattered calcification also exist, and they seem 
similar to present a risk of carcinoma [19].

Lymphoplasmacytic Cholecystitis

Lymphoplasmacytic cholecystitis is character-
ized by a diffuse infiltration of lymphocytes and 
plasma cells in the mucosa (Fig. 9), and it was 
first reported as a gallbladder manifestation of 
primary sclerosing cholangitis [20]. In the later 
reports [21, 22], this finding was also observed 
in various conditions that cause an obstruction 
of the extrahepatic bile duct, such as bile duct 
cancers, pancreas head cancers, ampullary can-
cers, and choledocholithiasis. Similar diffuse 
lymphoplasmacytic infiltration is sometimes 
observed in the routine cases with cholecysto-
lithiasis, but in our experience, such cases often 
show choledocholithiasis or gallstone impac-
tion at the cystic duct or gallbladder neck. Thus, 
when the finding of lymphoplasmacytic chol-
ecystitis is observed, obstructive changes in the 
extrahepatic bile duct and cystic duct should be 
considered.

IgG4-positive cells and some histological fea-
tures of IgG4-RD [16]. In fact, curiously, many 
xanthogranulomatous inflammations in the 
human body show numerous IgG4-positive 
cells. Some of these inflammations, for example, 
a case of autoimmune pancreatitis associated 
with a periorbital xanthogranuloma in the sub-
sequent clinical course, may be true IgG4-RD 
[17], but other inflammations seem to be mim-
ickers [18].

In the gallbladder, it is important to remem-
ber that IgG4-related cholecystitis (see 
section ‘IgG4-Related Cholecystitis’) is charac-
terized by minimal tissue destruction, which is 
inconsistent with the marked tissue injuries in 
xanthogranulomatous cholecystitis. Numerous 
IgG4-positive cells observed in seriously 
injured tissues are nonspecific, and they are also 
reported in other destructive inflammatory dis-
eases such as primary sclerosing cholangitis.

Porcelain Gallbladder

Porcelain gallbladder is a destructive inflam-
mation of the gallbladder characterized by cal-
cification in the background of the hyalinized 
gallbladder wall (Fig. 8). Cholecystolithiasis is 
found in most of the cases. Despite the drastic 
pathological changes of the gallbladder, most 
of the patients are asymptomatic. Porcelain 

Fig. 7  Xanthogranulomatous cholecystitis. a Macroscopic 
findings. The gallbladder wall is damaged, and yellow 
spots that represent foci with foamy macrophages are 

identified. b Histological findings. A focus with aggregated 
foamy macrophages and surrounding lymphoplasmacytic 
infiltration
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IgG4-positive plasma cells but without neutro-
phils in the background of fibrosis is character-
istic [23, 25]. In typical cases, storiform fibrosis 
and/or obliterative phlebitis are also observed 
[25–27]. In the pancreaticobiliary system, type 1 
autoimmune pancreatitis [25] and IgG4-related 
sclerosing cholangitis [28, 29] is the well-known 

IgG4-Related Cholecystitis

IgG4-RD is a systemic inflammatory disease 
that is characterized by tumefactive lesions 
(organ swelling or mass formation) and an ele-
vation of serum IgG4 [23, 24]. Histologically, 
lymphoplasmacytic infiltration with numerous 

Fig. 8  Porcelain gallbladder. The inflammation is destructive, and calcification (yellow portions) is observed

Fig. 9  Lymphoplasmacytic cholecystitis. Lymphocytes and plasma cells diffusely infiltrate in the mucosa
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remarkable in IgG4-RD despite the presence 
of dense inflammatory cell infiltration. In addi-
tion, tissue damage is observed in the confined 
tissues, such as acinar cell loss in the pancreatic 
lobules, and a loss of adipocytes in the adipose 
tissues. Steroid treatment is thus effective, and 
organ failures are rare in IgG4-RD. In IgG4-
related cholecystitis, the gallbladder structure is 
usually well preserved. For example, the epithe-
lium is intact (no destruction, no repairing fea-
tures) and smooth muscle cells in the LMP are 
preserved, even though the LMP is affected by 
the inflammatory cells. The only exception is the 
subserosal adipose tissues, which disappear and 
are replaced by the histologically characteristic 
inflammation and may even give rise to hya-
linization [31]. As mentioned in the text above 
about xanthogranulomatous cholecystitis (see 
section ‘Xanthogranulomatous Cholecystitis’), it 

manifestations of IgG4-RD, but IgG4-related 
cholecystitis, a gallbladder manifestation of 
IgG4-RD, is also sporadically reported [30].

Macroscopically, the gallbladder wall is 
thickened and thus resembles carcinomas. The 
histological features of IgG4-related cholecysti-
tis consist of a dense lymphoplasmacytic infil-
tration predominated by plasma cells observed 
in the subserosal layer (Fig. 10a). In typical 
cases, storiform fibrosis (Fig. 10b) and oblitera-
tive phlebitis are observed, but not in every case. 
Immunohistochemically, IgG4-positive cells are 
numerous (Fig. 10c); usually >50/high-power 
field (HPF) in the resected tissues. Eosinophils 
may be present and even numerous, but neutro-
phils are absent. Numerous IgG4-positive cells 
may also be present in the mucosa.

In contrast to autoimmune diseases, e.g., 
autoimmune hepatitis, tissue destruction is not 

Fig. 10  IgG4-related cholecystitis. a The subserosal layer is diffusely affected by lymphoplasmacytic infiltration and 
fibrosis. b Storiform fibrosis is a characteristic finding. c Numerous IgG4-positive cells are observed (immunostaining 
for IgG4)
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present in acute calculous/acalculous cholecysti-
tis. Inflammatory reactions are thus rare in gall-
bladder infarctions.

Non-neoplastic Proliferative Lesions

Adenomyomatosis

Adenomyomatosis (also called adenomyoma-
tous hyperplasia) is a wall thickening lesion of 
the gallbladder. It occurs focally in any portion 
of the gallbladder and in some cases, involves 
the gallbladder diffusely (Fig. 12a). The patients 
are usually asymptomatic, and adenomyomato-
sis is incidentally detected by imaging studies. 
Adenomyomatosis usually reveals a submucosal 
tumor at the fundus and a stenotic lesion at the 
body and neck.

Histologically, the LMP is thickened, where 
hyperplastic epithelium invaginates similar to 
diverticulosis. Some glands protrude into the 
subserosal layer, are dilated cystically, and may 
contain black stones (Fig. 12b). Compared to the 
RAS, the glands in adenomyomatosis are more 

is unusual for the gallbladder wall and the sur-
rounding structures to be markedly destroyed in 
IgG4-related cholecystitis.

Infarction

Infarction of the gallbladder can be caused by 
the torsion of the gallbladder [32] or emboli-
zation. The latter is common after therapeu-
tic hepatic artery embolization for liver tumors 
[33]. Pathologically, a gallbladder infarction 
is characterized by transmural necrosis of 
the wall (Fig. 11). The contour of the lamina 
muscularis propria and adipose tissue may 
remain even though those tissues are necrotic. 
Although there are overlapping histological fea-
tures between gallbladder infarction and acute 
calculous/acalculous cholecystitis, there are 
some differences. First, the lamina muscularis 
propria is also necrotic in gallbladder infarc-
tion, whereas it is relatively preserved in acute 
calculous/acalculous cholecystitis. Second, stro-
mal reactive changes, such as fibroblastic prolif-
eration, are absent in gallbladder infarction but 

Fig. 11  Infarction of gallbladder. The gallbladder wall is transmurally necrotic, and no inflammatory reactions are 
observed
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Cholesterosis and cholesterol polyps are usu-
ally asymptomatic and are detected by imag-
ing studies or incidentally identified in resected 
gallbladders.

Histologically, the difference between cho-
lesterosis and cholesterol polyps depends on 
whether the epithelium is normal or proliferat-
ing (Fig. 13c, d). Cholesterol polyps are associ-
ated with the epithelial hyperplasia. Curiously, 
in the human body, foam cell accumulation is 
sometimes associated with epithelial prolifera-
tion, e.g., verruciform xanthoma observed in the 
skin and oral mucosa, and some xanthomas in 
the stomach [34]. In rare cases of cholesterol 
polyps, only epithelial hyperplasia remains 
with scarce foamy macrophages present in the 
stroma. The proliferating epithelium in the 

tortuous and irregular in shape (Fig. 12c), and 
they often elongate laterally due to the interrup-
tion of smooth muscle cells. Adenomyomatosis 
may, therefore, be confused with carcinomas, or 
more often, carcinomas with mild atypia may be 
confused with adenomyomatosis (Fig. 12d).

Cholesterosis and Cholesterol Polyps

Cholesterosis (also called cholesterolosis) and 
cholesterol polyps consist of the accumulation 
of foamy macrophages in the mucosa, which 
macroscopically reveals yellow spots or polyps. 
Cholesterosis consists of multiple small spots 
that are flat or bumpy (Fig. 13a), and cholesterol 
polyps show a flat or ragged surface (Fig. 13b). 

Fig. 12  Adenomyomatosis (a–c). a Macroscopic fea-
tures of a case with diffuse adenomyomatosis. b The 
lamina muscularis propria is thickened and is affected 
by invaginated gallbladder mucosa. Black stones 
are often observed in the cystic lumen. c Glands in 

adenomyomatosis are tortuous but should not be con-
fused with cancerous glands. d Invasive adenocarcinoma 
resembling adenomyomatosis. These cancerous glands 
are atypical and should be carefully distinguished from 
adenomyomatosis
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or nodular masses, or ill-defined flat masses. 
They often show superficial extension laterally 
in the mucosa (Fig. 14a), which needs to be dis-
tinguished from intracystic papillary neoplasms 
(ICPNs) with invasive carcinoma. Gallbladder 
adenocarcinomas are occasionally multifocal. 
Adenocarcinomas of the gallbladder are some-
times associated with acute cholecystitis. In 
such a case, the lesion may be unclear due to the 
inflammation.

Histologically, biliary-type adenocarcinoma 
is the most common. This type is composed of 
cuboidal atypical carcinoma cells forming pap-
illary, tubular, or poorly differentiated structures 
(Fig. 14b, c), and it resembles pancreatic ductal 
adenocarcinoma.

Precursor Lesions
Adenocarcinomas of the gallbladder arise in the 
background of BilIN. Based on the architectural 

cholesterol polyps usually looks benign, but it 
may be atypical and look adenomatous in rare 
cases.

Neoplastic Diseases

Neoplastic diseases of the gallbladder and 
extrahepatic bile duct are classified together 
in the World Health Organization (WHO) 
Classification 2019 [35]. Among the entities 
listed in the WHO Classification 2019, those 
that arise in the gallbladder are listed in Table 1. 
Representative neoplasms are described next.

Adenocarcinoma

Macroscopically, gallbladder carcinomas show 
various features. They may be localized papillary 

Fig. 13  Comparison of cholesterosis (a, c) and choles-
terol polyps (b, d). Macroscopically, cholesterosis consists 
of yellow spots (a) that are histologically aggregations of 

xanthomas cells (c). Cholesterol polyps are macroscopi-
cally yellow polyps (b), and, in addition to aggregations of 
xanthoma cells, the covering epithelium is proliferative (d)
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[39]. Smoking and alcohol are not convincingly 
related to gallbladder carcinomas [40]. Adiposity 
is a risk for gallbladder carcinomas [41].

No driver mutations have been reported in 
gallbladder adenocarcinoma, and an accumula-
tion of multiple gene mutations is likely to be 
responsible for the carcinogenesis. Alterations of 
TP53, CDKN2A, CDKN2B, ARID1A, PIK3CA, 
or CTNNB1 are relatively common [35]. 
Regional differences in genetic abnormalities are 
also reported and may explain the reasons why 
the patient demographics and clinical features 
of gallbladder carcinomas vary among countries 
[42]. Compared to pancreatic ductal adenocarci-
noma, K-ras mutations are less common but have 
been reported in cases with a pancreaticobiliary 
maljunction in Japan [43]. Loss of mismatch-
repair proteins that gives rise to high-frequent 
microsatellite instabilities was initially reported 
in 7.8% of gallbladder cancers [44], but a recent 
report described a lower frequency at 1.6% [45].

Variants

Squamous cell carcinoma arising in the gall-
bladder often has a component of adenocarci-
noma and is, therefore, regarded as a variant of 
adenocarcinoma (adenosquamous carcinoma). A 
component of squamous cell carcinoma shows a 
huge and well-demarcated mass with prominent 
necrosis (Fig. 15a). Similarly, undifferentiated 
carcinoma (Fig. 15b) and neuroendocrine carci-
noma (Fig. 15c) is observed in the background 
of adenocarcinoma. They often involve a large 
protruding mass in the gallbladder lumen and 
invade surrounding tissues. A direct invasion 
into the liver is commonly observed in these 
tumors. Although mucus production is com-
monly observed in adenocarcinoma of the gall-
bladder, mucinous adenocarcinoma (Fig. 15d) 
that reveals a predominant component of extra-
cellular mucus production is rare.

Poorly cohesive carcinoma (signet-ring cell 
carcinoma) has been sporadically reported in the 
gallbladder, but it is more common to encounter 
a gallbladder invasion of gastric poorly cohe-
sive carcinoma. It is important to remember that 
gastric poorly cohesive carcinoma often invades 

and cytological atypia, BilIN is classified from 
low- to high-grade, and high-grade BilIN 
(Fig. 14d) corresponds to adenocarcinoma in situ. 
Some invasive adenocarcinomas also arise in the 
background of ICPN, mucinous cystic neoplasm, 
or pyloric gland adenoma (PGA).

Risk Factors and Genetic Abnormalities

Risk factors and genetic abnormalities for gall-
bladder carcinomas may differ among countries 
and regions. Gallstones are believed to be an 
important risk factor for gallbladder carcino-
mas, but a causal relationship of gallstones with 
gallbladder carcinomas has not been well estab-
lished [36, 37]. A risk factor in Japan is a pan-
creaticobiliary maljunction [38], which seems 
to cause carcinomas through mucosal injuries 
and subsequent diffuse mucosal hyperplasia 

Table 1  WHO classification of the gallbladder (2019)

Benign epithelial tumors and precursors
     Adenoma
     Biliary intraepithelial neoplasia, low-grade
     Biliary intraepithelial neoplasia, high-grade
      Intracystic papillary neoplasm with low-grade 

intraepithelial neoplasia
      Intracystic papillary neoplasm with high-grade 

intraepithelial neoplasia
      Intracystic papillary neoplasm with associated inva-

sive carcinoma
Malignant epithelial tumors
     Adenocarcinoma NOS
          Adenocarcinoma, intestinal type
          Clear cell adenocarcinoma NOS
           Mucinous cystic neoplasm with associated inva-

sive carcinoma
          Mucinous adenocarcinoma
          Poorly cohesive carcinoma
           Intracystic papillary neoplasm with associated 

invasive carcinoma
     Squamous cell carcinoma NOS
     Carcinoma, undifferentiated, NOS
     Adenosquamous carcinoma
     Neuroendocrine tumor NOS
          Neuroendocrine tumor, grade 1
          Neuroendocrine tumor, grade 2
          Neuroendocrine tumor, grade 3
     Neuroendocrine carcinoma NOS
          Large cell neuroendocrine carcinoma
          Small cell neuroendocrine carcinoma
      Mixed neuroendocrine-non-neuroendocrine 

 neoplasm (MiNEN)
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of whether this is a biliary counterpart of pan-
creatic IPMN. Compared to pancreatic IPMN, 
IPNB often shows more high-grade morphol-
ogy, a more frequent association with invasive 
carcinoma, and a lack of GNAS mutations [47]. 
IPNB was recently subclassified as types 1 and 
2. A type 1 IPNB is similar to the gastric or 
intestinal types of IPMN and is characterized 
by frequent localization in the intrahepatic bile 
ducts, frequent excessive mucus production, and 
less frequent invasiveness. In contrast, type 2 
IPNB seems more like de novo carcinoma and is 
characterized by localization in the extrahepatic 
bile ducts, scarce mucus production, more com-
plex architecture, more prominent cytological 
atypia, and more frequent invasive growth.

ICPN seems to us to be more similar to 
type 2 IPNB, and genuine lesions resembling 

the biliary tract without showing any imaging 
features of a mass. Because a primary gastric 
poorly cohesive carcinoma may be invisible 
endoscopically, the diagnosis of primary poorly 
cohesive carcinoma of the gallbladder must be 
cautiously rendered.

Intracystic Papillary Neoplasms

ICPN is a macroscopically identifiable papil-
lary epithelial neoplasm without invasive growth 
(Fig. 16) [46]. ICPN is regarded as a counterpart 
of pancreatic intraductal papillary mucinous 
neoplasm (IPMN). There have been arguments 
regarding a similar concept in the bile duct, i.e., 
intraductal papillary neoplasm of the bile ducts 
(IPNB). The controversy is based on the issue 

Fig. 14  Gallbladder adenocarcinoma. a A macroscopic 
picture of a papillary configuration. The lesion extends 
diffusely in the mucosa, and the border is not evident. b, 
c Microscopic pictures. The mucosal component often 

shows a papillary pattern (b), but the invasive portions 
are more often tubular (c). d High-grade biliary intraepi-
thelial neoplasia arising in adenomyomatosis
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gallbladder mucosa with a thin stalk (Fig. 17a). 
When resected gallbladders are opened, the 
polyps are often detached from the gallbladder 
wall. Histological features are characteristic. 
PGA is packed with small glands resembling 
pyloric glands with scarce intervening stroma 
(Fig. 17b). Larger glands are also intermingled 
in most of the cases. The cellular features are 
homogeneous and show mild atypia, but some-
times atypia is marked and corresponds to the 
high-grade.

Immunohistochemically, MUC6, which is a 
marker of pyloric glands, is diffusely positive in 
PGAs. Immunostaining for beta-catenin is often 
positive in the nuclei and cytoplasm (Fig. 17c), 
which represents CTNNB1 (beta-catenin gene) 
mutation found in most of the cases of PGA 
[49]. In such cases, a morula consisting of nests 

pancreatic IPMN are scarce in the gallbladder. 
A stringent histological distinction of ICPN and 
papillary adenocarcinoma was recently reported 
to be justified by differing genetic findings, 
and ICPNs more commonly revealed genetic 
abnormalities of the Wnt pathway [48]. More 
pathological discussions, as well as genetic 
studies, are necessary to place this category 
appropriately.

Adenomas

Pyloric gland adenoma (PGA) is a polypoid 
neoplasm of the gallbladder, and it consists of 
aggregates of small mucus glands that are remi-
niscent of pyloric glands. Macroscopically, PGA 
shows polypoid tumors that often connect to the 

Fig. 15  Variants of adenocarcinoma and other types. a 
Adenosquamous carcinoma showing a clear border. b 
Undifferentiated carcinoma (left portion) with a com-
ponent of adenocarcinoma (arrows). c Neuroendocrine 

carcinoma (lower portion) arising in adenocarcinoma 
(upper portion), which corresponds to mixed neuroen-
docrine-non-neuroendocrine neoplasm. d Mucinous 
adenocarcinoma
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with spindle-shaped neoplastic cells may be 
identified by careful observation (Fig. 17d) [50]. 
CDX2 is a useful marker to identify a morula 
[51]. A lateral spread along the gallbladder 
mucosa is not a feature of PGA.

According to the WHO Classification 2019, 
macroscopic mass-forming, noninvasive tumors 
are categorized at ICPN except for PGA, and 
terms such as papillary/villous adenoma and 
papillary carcinoma are not recommended.

Concluding Remarks

At the beginning of this chapter, we mentioned 
the unique anatomy and functions of the gall-
bladder that may give rise to the unique diseases 
observed there. However, similar diseases may 
have different manifestations around the world. 

The incidence of cholecystolithiasis and the types 
of gallstones vary among different regions in the 
world. The clinicopathologic features and genetic 
abnormalities of gallbladder carcinomas also dif-
fer. Although some of these differences can plau-
sibly be explained by different environmental 
factors and dietary habits, it is highly likely that 
genetic differences play an important role. Future 
studies of genetics are expected to increase our 
understanding of gallbladder diseases.
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Imaging Diagnosis 
of Diseases of the 
Gallbladder: US, CT, 
and MRI

Jin-Young Choi and Dong Ryul Chang

Introduction

The importance of imaging tests is increasing 
for accurate diagnosis of gallbladder disease. 
Plain radiography is rarely used in the assess-
ment of gallbladder disease, because it provides 
little diagnostic information. Ultrasound and CT 
are commonly used imaging modalities for eval-
uating gallbladder abnormalities. MRI is used as 
a secondary or problem solving exam to obtain 
more information when a diagnosis cannot be 
reached by ultrasound or CT. In this chapter, 
we describe techniques, important anatomy, and 
imaging features of various gallbladder diseases 
on ultrasound, CT, and MRI.

Imaging Modalities for Diagnosing 
Diseases of the Gallbladder

Ultrasound

Ultrasonography is the first screening and diagnos-
tic tool to be used when a patient is suspected of 

having bile duct or gallbladder disease because it is 
non-invasive and can be readily performed without 
any extra preparation other than fasting. In addition, 
ultrasonography images can be obtained from vari-
ous planes as intended by the operator (Table 1).

Technique

Patients need to fast at least 6–8 hours before gall-
bladder ultrasound to allow maximal distention 
of the gallbladder and to enhance the detectabil-
ity of gallstones. For most adult patients, a curved 
probe with frequencies between 1 and 5 mega-
hertz (MHz) is most commonly used. If the gall-
bladder is close to the abdominal wall or if the 
patient is underweight, a high-resolution image 
can be obtained with a higher frequency trans-
ducer (Fig. 1). A patient is first asked to lie in the 
supine position for the ultrasound examination, 
and the right subcostal or lower intercostal spaces 
should be scanned along the anterior axillary line. 
Longitudinal and transverse plane views should 
be obtained to evaluate the entire gallbladder. For 
further evaluation, the patient may be asked to 
change into other positions, such as the left lateral 
decubitus, upright, and Trendelenburg position. 
Deep breathing or increasing the intraperitoneal 
pressure (Valsalva maneuver) will move the gall-
bladder down into the ribs for easier examina-
tion. Using harmonic and compound imaging, 
high-quality ultrasound images can be obtained. 
Harmonic imaging detects the harmonic frequen-
cies created by the non-linear propagation of 
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Rather, CT is more useful for the diagnosis and 
staging of gallbladder cancer, and for the evalu-
ation of complications from cholecystitis, such 
as gallbladder perforation or pericholecystic 
abscess, porcelain gallbladder, and emphysema-
tous cholecystitis (Table 1).

Technique

If gallbladder or biliary disease is suspected, 
unenhanced and contrast-enhanced studies dur-
ing the hepatic arterial and portal venous phases 
are obtained without an oral contrast agent. The 
use of a positive oral contrast agent may inter-
fere with the detection of choledocholithiasis 
due to the oral contrast agent refluxing into the 
biliary tree. A hepatic arterial phase image can 
be obtained 20–25 seconds after the intravenous 
injection of contrast media, and a portal venous 
phase image can be obtained 60–70 seconds after 
the injection. Multiphase images obtained with 
contrast material during the hepatic arterial and 
portal venous phases may improve visualization 
of hypovascular tumors involving the gallbladder, 
bile ducts, and surrounding tissue. Reconstruction 
of multiple planes and different slice thicknesses 
can be obtained for further lesion characteriza-
tion. Images of 2–4 mm slice thickness with axial 
and coronal planes are commonly used.

Normal Anatomy

The gallbladder presents as a low-attenuation, 
fluid-filled, oval structure on CT. The normal 

ultrasound through body tissue. It reduces rever-
beration artifacts, side lobe artifacts, and noise, 
and thus, increases tissue contrast. Compound 
imaging incorporates ultrasound beams that are 
steered electronically from an array transducer 
to rapidly acquire several overlapping scans 
of an object from different view angles. These 
single-angle scans are averaged to form a multi-
angle compound image. Image quality improves 
because speckle, clutter, and other acoustic arti-
facts are reduced with compound imaging.

Normal Anatomy

The gallbladder is a pear-shaped organ that is 
located under the liver. On the longitudinal scan, 
the gallbladder of a sufficiently fasted patient pre-
sents as an anechoic, oval structure (Fig. 2). A 
normal gallbladder is about 40–50 mm wide and 
80–100 mm in length. The thickness of the normal 
gallbladder wall is about 2–3 mm. The outer strong 
echogenic line is the perimuscular layer, the mid-
dle hypoechoic line is the muscular layer, and the 
inner slightly hyperechoic line is the mucosa. The 
gallbladder lies beneath the major hepatic interlo-
bar fissure, which is apparent as a highly echogenic 
line always adjacent to the gallbladder neck [1].

Computed Tomography (CT)

CT is not commonly used when screening for 
gallbladder disease because it does not show 
higher sensitivity for gallstones than ultrasound. 

Table 1  Imaging modalities for gallbladder evaluation

Modalities Main purposes Advantages

Ultrasound First screening and diagnostic tool to evaluate 
gallbladder disease
Diagnosis of gallstones, polyp, and acute cholecys-
titis

Non-invasive
Easy to perform without complex preparation
Can be performed in real-time and various planes 
can be obtained as intended by the operator

CT Diagnosis and staging of gallbladder carcinoma
Diagnosis of cholecystitis complications such as 
emphysematous cholecystitis, gangrenous cho-
lecystitis, and gallbladder perforation

Evaluation of other organs in the abdominal cavity 
is possible in addition to the gallbladder within a 
short time frame

MRI Modality for problem solving rather than for 
screening
Evaluation of the gallbladder and biliary system
Staging of gallbladder carcinoma

Superior evaluation of cystic ductal pathology than 
CT and ultrasound
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gallbladder wall can be seen as a thin line 
(2–3 mm) and may show contrast enhancement 
(Fig. 3). The collapsed gallbladder may be more 
difficult to identify on CT [2].

Magnetic Resonance Imaging (MRI)

MRI is used less than ultrasound or CT when 
evaluating the gallbladder. Rather, MRI is per-
formed to gather additional information of 

Fig. 1  Gallbladder ultrasound image, using a a high frequency probe (9 MHz), and b a conventional frequency probe 
(1–5 MHz) in a 55-year-old male. Thickening of the gallbladder fundal wall and layers are observed more accurately 
and clearly with the high frequency probe (a) than the conventional probe (b)
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Fig. 2  Normal gallbladder on ultrasound after fasting. Note the anechoic, oval structure with a thin echogenic wall 
(2–3 mm) under the liver

Fig. 3  Normal gallbladder on CT in a fasting 58-year-old male. Note the fluid-filled oval structure with enhancing 
thin wall (2–3 mm) on the under surface of the liver
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ultrasonography for gallstones is up to 95% [3]. 
On ultrasonography, gallstones appear as highly 
echogenic and mobile lesions, accompanied 
by posterior acoustic shadowing (Fig. 5). The 
right anterior oblique position is the best posi-
tion to find gallstones, as it allows gallstones in 
the neck to flow out to the fundus and be eas-
ily observed. If the gallbladder is contracted 
and the lumen is filled with shadowing gall-
stones, it is observed with a double-arc appear-
ance on ultrasonography. On ultrasonography, 
the perceivable gallbladder wall is separated 
from the intraluminal stones, a finding called 
the wall-echo-shadow sign that is specific for 
chronic cholecystitis [4]. Bile sludge has no 
or weak posterior acoustic shadowing, and it 
does not move easily due to its viscosity, even 
when a patient changes position. When the bile 
sludge clumps together, it is called a tumefactive 
sludge and may be misdiagnosed as a polyp or 
tumor. Thus, checking for changes in the shape 
or mobility of sludge after position changes can 
help make an accurate diagnosis.

The ability to detect gallstones on CT 
depends on the differing density of the stones 
with respect to bile. CT is known to diagnose 
only about 80% of the gallstones identified 
by ultrasonography. Calcified stones are eas-
ily detected because they are denser than bile 
and appear as hyperdense foci in the gallblad-
der lumen. One study found that the sensitivity 
for in vitro gallstone detection is significantly 
higher at 140 kVp than at lower voltage settings 
[5]. Recently, another study suggested that cho-
lesterol stones are more clearly seen in virtual 
unenhanced images using dual-energy CT rather 
than true unenhanced CT [6].

Gallstones are best recognized on T2-weighted 
MR imaging. On T2-weighted MRI, gallstones 
are visualized as signal voids within the high sig-
nal intensity bile. Cholesterol stones are gener-
ally isointense or hypointense on T1-weighted 
images, whereas pigment stones usually show 
increased signal intensity on T1-weighted images 
due to paramagnetic substances such as calcium 
gluconate or calcium bilirubinate [7]. The pres-
ence of protein within gallstones may sometimes 
be responsible for central hyperintensity with a 

diseases that are difficult to diagnose on US or 
CT. It is also used to evaluate cystic ducts or the 
biliary system (Table 1).

Technique

Conventional MRI of the gallbladder and bile 
ducts comprises T1- and T2-weighted sequences. 
T1-weighted fat suppression sequences can be 
used to demonstrate the lumen as well as the 
gallbladder wall and the bile ducts. The use of 
contrast material improves the delineation of the 
gallbladder wall and bile ducts, and helps clini-
cians diagnose disease entities for both benign 
and malignant disease. T2-weighted sequences, 
usually fast spin-echo (FSE) sequences with res-
piratory gating, are optimal for evaluating the 
surrounding soft tissue abnormalities involving 
the gallbladder wall. Magnetic resonance chol-
angiopancreatography (MRCP) is a technique 
that distinguishes bile ducts and the surrounding 
tissue as bile ducts appear as bright signals on 
T2-weighted images. It is very useful for evaluat-
ing the gallbladder and biliary system because it is 
a non-invasive exam, unlike endoscopic retrograde 
cholangiopancreatography. The insertion site for 
the cystic duct and common hepatic duct is clearly 
visible on MRCP, therefore allowing an easy diag-
nosis of cystic ductal obstructive pathology.

Normal Anatomy

On T2-weighted images, the gallbladder wall 
has low signal intensity and stands out against 
bright visceral fat (Fig. 4). The gallbladder lumen 
appears as high or low signal intensity depend-
ing on bile juice concentrations, and the pulse 
sequence is used. Bile is concentrated during the 
fasting period, and usually shows high signals on 
T1-weighted images.

Inflammatory Diseases of the 
Gallbladder

Gallstones

Ultrasonography is the most important imaging 
tool for evaluating gallstones. The sensitivity of 
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Murphy’s sign, gallbladder distension, wall 
thickening, and pericholecystic fluid in severe 
cases (Fig. 6) [10]. On Doppler ultrasonography, 
increased blood flow may be observed in the 
gallbladder wall, but not always [11]. The CT 
findings of acute calculous cholecystitis are sim-
ilar to those found on ultrasonography including 
gallstones, gallbladder distention, thickening of 
the gallbladder wall and pericholecystic fluid, 

peripheral rim of hypointensity seen on T1- or 
T2-weighted images, or for the predominant 
hyperintensity seen on T1-weighted images [8, 9].

Acute Cholecystitis

The ultrasonographic findings of acute calculous 
cholecystitis include gallstones, sonographic 

Fig. 4  Normal gallbladder on T2-weighted sequences 
(a) and MRCP (b, c) after fasting. a Axial T2-weighted 
image shows a hyperintense fluid-filled oval structure 

with a hyperintense thin wall. b, c 2-dimensional MRCP 
clearly demonstrates a cystic duct (arrow) and insertion 
to the common hepatic duct



51Imaging Diagnosis of Diseases of the Gallbladder: US, CT and MRI

Complication of Acute Cholecystitis

Emphysematous Cholecystitis
Emphysematous cholecystitis is characterized 
by the presence of gas in the gallbladder wall, 
lumen, or pericholecystic tissue without a fis-
tulous tract between gastrointestinal tracts. On 
ultrasonography, posterior acoustic shadowing 

and inflammation [12]. In addition, it is easy 
to detect congestion or hyperemia of the adja-
cent liver parenchyma caused by inflamma-
tion around the gallbladder on CT [13]. This 
could be an early sign of acute cholecystitis. 
Generally, CT is recommended when complica-
tions from cholecystitis are suspected or if ultra-
sonography results are not conclusive.

Fig. 5  CT, US and MRI findings of gallstones. (a, b) 
CT and US images of gallstones in a 35-year-old male. 
a No stones in the gallbladder on CT. b Multiple gall-
stones are clearly demonstrated on US and present as 

highly echogenic foci with posterior acoustic shadow-
ing. c Coronal T2-weighted image of a 52-year-old male. 
Multiple filling defects and signal voids can be observed 
within the hyperintense bile
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Gangrenous Cholecystitis

Gangrenous cholecystitis results from pro-
longed distention of the gallbladder which if left 
untreated can lead to intramural hemorrhage, 
ischemia, and necrosis. On ultrasonography, 

due to intraluminal or intramural air is observed, 
making it sometimes difficult to differentiate 
emphysematous cholecystitis from calcifications 
[14]. CT is a more sensitive and specific tech-
nique for detecting intraluminal or intramural  
gas [15].

Fig. 6  Image findings of acute cholecystitis in a 
63-year-old male. a Gray-scale ultrasonography shows 
gallbladder distension and wall thickening with sludge 
in the gallbladder lumen. b Increased blood flow is 
seen on Doppler ultrasonography. c Contrast-enhanced 
CT demonstrates gallbladder distention, wall thicken-
ing and pericholecystic fluid. d Contrast-enhanced axial 

T1-weighted image shows increased enhancement of the 
adjacent liver parenchyma (arrow). e The cystic duct is 
not visible on MRCP. f, g Coronal and axial T2-weighted 
images show thickened cystic ductal walls and lumen 
obstruction which are the reason for the gallbladder dis-
tention and inflammatory change
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Chronic Cholecystitis

Imaging findings of chronic cholecystitis 
include gallstones, wall thickening, and con-
tracted or not distended gallbladder, without 
pericholecystic inflammation (Fig. 7) [18, 19]. A 
thickened gallbladder wall with a preserved nor-
mal wall layer is observed in chronic cholecysti-
tis, which is not normally seen with gallbladder 
carcinoma. However, sometimes a thickened 
wall is not enough to distinguish chronic chole-
cystitis and gallbladder carcinoma [19]. The dif-
ferential diagnostic imaging findings for chronic 
cholecystitis and gallbladder cancer will be dis-
cussed later on in this chapter.

Xanthogranulomatous cholecystitis is an 
uncommon form of chronic cholecystitis, which 
shows closely similar imaging features with 
gallbladder carcinoma. With xanthogranuloma-
tous, multiple intramural nodules are present as 

the gallbladder wall appears as heterogeneous, 
striated, or irregular thickening. Intraluminal 
septae or membrane may be detected, result-
ing from the desquamation of the necrotic 
gallbladder mucosa [16]. On CT, asymmet-
ric gallbladder wall thickening due to intra-
mural microabscesses and discontinuous and/
or irregular mucosal enhancement are specific 
findings of gangrenous cholecystitis [17]. A 
hyperdense gallbladder wall on unenhanced CT 
is also regarded as a sign of acute gangrenous 
cholecystitis.

Perforation of Gallbladder

Gallbladder perforation can be divided into three 
phases. In the acute phase, it appears as diffuse 
peritonitis, and in the subacute phase, a per-
icholecystic abscess is formed. In the chronic 
phase, a fistula tract may develop between the 
gallbladder and adjacent bowel loops.

Fig. 7  Image findings of chronic cholecystitis in a 
32-year-old female. a Gray-scale ultrasonography shows 
diffuse wall thickening of the gallbladder without sig-
nificant distention. b, c Gallbladder wall thickening and 

gallstones are clearly visible on high resolution gray-
scale ultrasonography. Note the reverberation artifact 
within the gallbladder lumen which is caused by the 
abdominal wall (arrows)
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type appears as diffuse wall thickening involving 
the entire gallbladder. The focal type presents 
itself as focal wall thickening or nodule, fre-
quently observed at the fundus. Segmental aden-
omyomatosis usually occurs at the body, causing 
annular narrowing or stricture of the gallbladder 
lumen.

On ultrasonography, wall thickening with a 
large number of strong and immobile echogenic 
foci is specific for adenomyomatosis. The foci 
themselves are associated with comet tail arti-
facts, which are indicative of cholesterol crys-
tals in the Rokitansky–Aschoff sinuses [23–25]. 
Sometimes twinkle artifacts on color Doppler, 
due to the interaction of the ultrasound beam 
with a rough acoustic interface composed by 
calcifications or cholesterol depositions in the 
Rokitansky–Aschoff sinuses, may help diagnose 
adenomyomatosis [26].

On CT, the common findings of adenomy-
omatosis are diffuse or focal gallbladder wall 
thickening or diverticula with bile juice or stones 
[27]. The segmental and focal forms of adeno-
myomatosis are particularly difficult to differ-
entiate from carcinoma because they appear 
as focal thickening of the gallbladder wall or a 
fundal intraluminal mass. Since the Rokitansky–
Aschoff sinuses are also located in the muscula-
ris layer, it is sometimes difficult to differentiate 
gallbladder carcinoma from adenomyomatosis.

hypoattenuation on CT and hyperintensity on 
T2-weighted MRI, which helps differentiate it 
from gallbladder carcinoma [20, 21].

Mirizzi Syndrome

Mirizzi syndrome occurs when an impacted 
gallstone in the gallbladder neck or cystic duct 
compresses the common hepatic duct, leading 
to obstruction. Imaging findings of Mirizzi syn-
drome on ultrasonography, CT, or MRI include 
a collapsed gallbladder, stones in the cystic duct 
or gallbladder neck, and dilated intrahepatic 
bile ducts and common hepatic duct without 
common bile duct dilatation (Fig. 8) [22]. On 
MRCP, a more accurate evaluation of the nature 
of the obstruction, burden of gallstones in the 
biliary tree, and cystic duct obstruction is pos-
sible. Anatomical variants that predispose to 
Mirizzi syndrome are also better detected with 
MRCP, such as low insertion of the cystic duct 
or long parallel cystic duct.

Adenomyomatosis

Gallbladder adenomyomatosis is classified into 
three types according to gross findings: focal, 
segmental, and diffuse types (Fig. 9). The diffuse 

Fig. 8  Image findings of Mirizzi syndrome in a 
71-year-old male. a Coronal T2-weighted image shows 
an impacted gallstone in the gallbladder neck (arrow) 

compressing the common hepatic duct. b On MRCP, dif-
fuse dilatation of the intrahepatic duct and extrinsic com-
pression of the common hepatic duct is observed
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Fig. 9  Image findings of adenomyomatosis. a A typi-
cal example of focal fundal adenomyomatosis on ultra-
sonography in a 65-year-old female. Focal nodular 
wall thickening with an intramural cyst is observed 
on gray-scale ultrasonography. b, c Diffuse adenomy-
omatosis is observed on CT and T2-weighted MR. b 
Contrast-enhanced CT shows mild diffuse wall thick-
ening, enhancement, and intramural low attenuating 
foci. c Axial T2-weighted image demonstrates multi-
ple small intramural cysts which make up the signature 

pearl-necklace sign of adenomyomatosis. d Axial 
T2-weighted image reveals segmental adenomyomato-
sis in the body of the gallbladder (arrow). Note annular 
wall thickening with multiple intramural cysts in the 
gallbladder. e Diffuse adenomyomatosis on ultrasonog-
raphy. Ultrasonography shows diffuse wall thickening 
with multiple small intramural echogenic foci. Note the g 
comet-tail artifact (arrow) and h twinkle artifact (arrow) 
on Doppler ultrasound
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Neoplastic Diseases of the Gallbladder

Gallbladder Cancer

Morphologic Classification

Gallbladder carcinomas are classified into three 
types according to gross morphology and imag-
ing findings: (1) focal or diffuse thickening, (2) 
polypoid mass protruding into lumen, and (3) 
mass replacing the gallbladder [30, 31] (Fig. 11) 
(Table 2).

Focal or Diffuse Thickening
This type of gallbladder carcinoma is more dif-
ficult to diagnose preoperatively than other types 
of gallbladder cancers, especially in its early 
stages. Gallbladder carcinoma presents as mild 
to marked asymmetric mural thickening in either 
a focal or diffuse pattern and shows enhance-
ment after contrast injection. Diagnosis is 
especially difficult if chronic cholecystitis, gall-
stones, or gallbladder wall calcifications accom-
pany the findings. According to a report by Kim 
and colleagues, the following CT findings for 

On T2-weighted images of MRI, the gall-
bladder wall shows low signal intensity, and the 
bile filling the gallbladder appears to be hyper-
intense. A curvilinear arrangement of multiple 
small, rounded, high signal intensity foci repre-
senting Rokitansky–Aschoff sinuses can be seen 
within the thickened wall of the gallbladder. 
This pearl necklace sign is highly specific for 
adenomyomatosis and differentiates it from gall-
bladder carcinoma [28].

Cholesterolosis

Cholesterolosis or cholesterol polyps is a disease 
entity in which lipid, such as cholesterol esters 
and triglyceride, accumulates in the gallblad-
der epithelium. On ultrasonography, cholesterol 
polyps are represented as single or multiple 
immobile, non-shadowing projections from the 
gallbladder wall (Fig. 10). On contrast-enhanced 
CT, cholesterol polyps may be seen as floating 
lesions within the gallbladder lumen. They may 
show contrast enhancement due to vascularity 
within the polyp [29].

Fig. 10  Typical cholesterol polyp on ultrasonography in a 44-year-old female. Ultrasonography shows several immo-
bile, non-shadowing projections attached to the gallbladder wall
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Fig. 11  Different image features of gallbladder can-
cer. a, b Focal or diffuse thickening type in a 57-year-
old male. Contrast-enhanced coronal CT and coronal 
T2-weighted images show irregular wall thickening in 
the gallbladder body. c, d, e Polypoid mass protruding 
into lumen type. c Contrast-enhanced axial CT shows an 
enhancing mass, broadly based on the gallbladder wall. d 
Ultrasonography reveals a heterogeneous polypoid mass 

without posterior shadowing at the gallbladder fundus. 
e Increased vascularity (arrow)is observed in the stalk 
of the polyp on Doppler ultrasound. f Mass replacing 
the gallbladder type in a 57-year-old male. Contrast-
enhanced axial CT shows a heterogeneously enhancing 
solid mass arising from the gallbladder fundus, invad-
ing the adjacent hepatic parenchyma. Note the metastatic 
lymph node at the portacaval space

Table 2  Morphological classification of gallbladder carcinomas

Types Imaging features

Focal or diffuse thickening Mild to marked asymmetric mural thickening
Focal or diffuse contrast enhancement on CT or MRI
*Note—often difficult to distinguish from inflammatory wall thickening

Polypoid mass Enhancing polypoid mass
The larger the size, the higher the potential for malignancy

Mass replacing the gallbladder Ill-defined, heterogeneously enhancing solid mass invading the adjacent liver 
parenchyma
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of the gallbladder become indistinct as mass 
invades the adjacent liver parenchyma. The 
portions of the tumor invading into the liver 
will show contrast enhancement on CT or MRI 
[35]. On T2-weighted MR images, tumor inva-
sion shows high signal intensity, similar to the 
signal intensity of primary gallbladder cancer 
[36]. Lymphatic spread is also common in gall-
bladder carcinoma. Lymph node metastasis 
begins from the gallbladder fossa, follows the 
hepatoduodenal ligament, proceeds near the 
pancreas head, and eventually spreads to the 
abdominal para-aortic area and retroperitoneum 
(Fig. 12). Imaging findings suggestive of lymph 
node metastasis are anteroposterior diameter of 
10 mm or more and a ring-shaped or heteroge-
neous contrast enhancement pattern [35].

Other Gallbladder Tumors

Metastatic neoplasm of the gallbladder results 
from direct invasion or hematogeneous metas-
tasis. Direct invasion is often from malignancies 
of the stomach, pancreas, and bile duct. Imaging 
findings of these metastatic tumors are difficult 
to distinguish from primary gallbladder carci-
noma. In addition, other primary malignancies 
of the gallbladder have been reported such as 
neuroendocrine tumors, lymphomas, and sarco-
mas those presented as polypoid masses.

Benign Gallbladder Tumors

Benign gallbladder tumors include adenomas, 
gastric heterotopias, cystadenomas, granular cell 
tumors, hemangiomas, lipomas, and leiomyo-
mas [37]. Most benign gallbladder tumors are 
adenomas. On ultrasound, adenomas appear as 
small, broad-based, non-shadowing, sessile, or 
pedunculated polypoid filling defects that do not 
move with gravitational maneuvers. It is difficult 
to differentiate adenomas from other polypoid 
tumors such as primary or metastatic neoplasm 
by imaging studies. Therefore, polyp size is the 
most important factor to consider when deciding 
on the method of treatment. Polyps more than 

the gallbladder wall suggest malignant causes 
rather than benign: (1) hyperenhancing thick 
inner wall ≥2.6 mm during the portal venous 
phase, (2) weakly enhancing or nonenhancing 
thin outer wall ≤3.4 mm, and (3) irregular and 
focal wall thickening [32].

Polypoid Mass Protruding into Lumen
On ultrasound, polypoid masses appear as vari-
able echoes with clear boundaries, broadly 
based on the gallbladder wall and no posterior 
acoustic shadows. On Doppler ultrasound, vas-
cular signals within the polypoid mass may be 
observed, which can be distinguished from 
tumefactive sludge or blood clots [33]. This is 
due to the enhancing polypoid mass. Necrosis 
and calcifications are not common. The size of 
the polypoid mass is directly related to its malig-
nant potential. If the polypoid mass is more 
than 1 cm in size, its probability of malignancy 
increases, and if it is larger than 2 cm, the mass 
is almost definitely a malignant lesion [34].

Mass Replacing the Gallbladder
On imaging, the third type of gallbladder carci-
noma manifests as an infiltrative mass with or 
without necrosis replacing the entire gallbladder. 
It is an ill-defined, heterogeneously enhancing 
solid mass, often invading the adjacent hepatic 
parenchyma, hepatoduodenal ligament, and bile 
ducts, resulting in bile duct dilatation. Regional 
lymph node enlargement is another common find-
ing observed when mass infiltrates the gallbladder.

Pathways of the Spreading Tumor

Gallbladder carcinomas can spread by several 
routes: direct invasion of the liver, hepatoduo-
denal ligament, duodenum, or colon; lymphatic 
spread to regional lymph nodes; hematogenous 
spread to the liver; intraductal tumor exten-
sion; and metastasis to the peritoneum. Distant 
metastases are relatively uncommon. Direct 
invasion of the liver occurs relatively quickly 
in the early stages of gallbladder carcinoma 
because the gallbladder wall is composed of 
only a single muscle layer without a submu-
cosal layer. On ultrasound, the boundaries 
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10 mm in size are at increased risk for malig-
nancy, and prophylactic cholecystectomy is rec-
ommended [38].

Conclusion

The accurate diagnosis of gallbladder dis-
ease must be preceded in order to choose the 
appropriate treatment. Gallbladder imaging is 
important because it can make more accurate 
diagnosis through the combination of image 
findings and laboratory result. The new imaging 
technique needs to be developed to help differ-
ential diagnosing of the gallbladder diseases.
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EUS of Diseases of the 
Gallbladder

Kazuo Inui, Hironao Miyoshi, and Satoshi Yamamoto

Introduction

Gallbladder diseases represent a variety of 
lesions including gallstones, cholesterol polyps, 
adenomyomatosis, and gallbladder carcinoma. 
Most importantly, clinicians need a precise 
diagnosis to guide decisions as to whether to 
resect the gallbladder, thus avoiding unneces-
sary surgery. The first modality used to detect 
a gallbladder lesion usually is transabdomi-
nal ultrasonography (TAUS). Further imaging 
modalities available for refining the diagnosis 
include endoscopic ultrasonography (EUS), 
multi-detector-row computed tomography, mag-
netic resonance imaging, and contrast-enhanced 
TAUS or EUS. Since the introduction of EUS 
in 1980 [1, 2], numerous clinical applications 
have been reported, and this modality has sig-
nificantly increased diagnostic accuracy among 
gallbladder diseases. This chapter outlines the 
usefulness and limitations of EUS for gallblad-
der diseases.

Detection and Differential Diagnosis 
of Polypoid Gallbladder Lesions

Detection of Gallbladder Polypoid 
Lesions

Mass screening for hepato-pancreatobiliary can-
cers using TAUS has been promoted through-
out Japan. Recently a Manual for Abdominal 
Ultrasound in Cancer Screening and Health 
Checkups, a publication of the Ultrasonic 
Screening Committee of the Japanese Society of 
Gastrointestinal Cancer Screening, has become 
generally available on the Internet [3]. A vari-
ety of gallbladder lesions have been detected by 
mass screening. In asymptomatic populations, 
gallbladder polyps were found at a prevalence 
of 4.3–6.9% [4]. Based on six studies involving 
16,260 participants in various countries, a recent 
Cochrane report [5] found the median preva-
lence of gallbladder polyps to be 6.4% (inter-
quartile range or IQR, 2.4–18.8%).

Polypoid gallbladder lesions include a vari-
ety of pathologic entities that can be divided 
into true neoplasms and pseudotumors. The lat-
ter group includes cholesterol polyps, inflamma-
tory polyps, and hyperplasia. True neoplasms, 
including both adenomas and malignant lesions, 
should be treated by surgical resection, while 
pseudotumors can be observed serially. A com-
mon rule maintains that polypoid lesions larger 
than 10 mm should be resected. However, in 
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of polypoid gallbladder lesions [9–12]. EUS 
depicts a cholesterol polyp as a pedunculated 
mass with a nodular surface overlying hyper-
echoic foci (Fig. 1). In particular, EUS can dif-
ferentiate cholesterol polyps, which have slender 
stalks and produce homogeneous echoes (except 
for pedunculated, highly echogenic areas) from 
early gallbladder carcinomas, which have thick 
stalks and shows heterogeneous echoes. Overall 
accuracy of EUS in differentiating neoplastic 
from non-neoplastic masses has been reported 
as 91.1–97% [9, 10]. When Sugiyama et al. [10] 
compared the diagnostic accuracy of EUS with 
that of TAUS for polypoid gallbladder lesions in 
a surgical series, EUS (97%) differentiated poly-
poid lesions more precisely than TAUS (76%). 
Although the accuracy of EUS in differentiating 
neoplastic from non-neoplastic polypoid lesions 
smaller than 10 mm was reported to be low [11]. 
EUS is considered useful for guiding treatment 
of larger pedunculated polyps [12]. Sadamoto 

the experience of Kubota et al. [6], only 57% of 
cholesterol polyps measured less than 10 mm, 
while 75% of adenomas and 13% of cancers 
were smaller than 10 mm. On the other hand, 
Akatsu et al. [7] reported that 20/29 of gallblad-
der polyps larger than 10 mm (69%) that were 
preoperatively suspected of malignancy proved 
to be non-neoplastic. Thus, lesion size alone 
cannot predict the histopathologic nature of a 
polyp.

Differential Diagnosis with EUS

EUS is recommended for close examination 
after TAUS, because images obtained are more 
distinct than those obtained with TAUS. Using 
high ultrasound frequencies, EUS can visualize 
the layered structure of the gallbladder and pro-
vide high-resolution images [8]. Several studies 
have evaluated EUS in the differential diagnosis 

Fig. 1  EUS shows a cholesterol polyp of the gallbladder as a nodular-surfaced pedunculated mass with hyperechoic 
foci
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et al. [13] reported usefulness of an EUS score 
based on a coefficient of multivariate analysis: 
(maximum diameter in mm) + (internal echo 
pattern score, where heterogeneous = 4 and 
homogeneous = 0) + (hyperechoic spot score, 
present = −5 and absence = 0). Those authors 
regarded polyp size, heterogeneous internal 
echo pattern, and absence of hyperechoic foci as 
important indicators that a polyp is neoplastic.

EUS visualizes localized adenomyomato-
sis as a non-sessile polypoid lesion with small 
cystic areas corresponding to proliferation of 
Rokitansky–Aschoff sinuses (Fig. 2). EUS is 
highly accurate in the diagnosis of cholesterol 
polyp and adenomyomatosis [7], which rep-
resent the most common types of gallbladder 
polyps.

EUS shows an adenoma as a homogeneously 
isoechoic pedunculated mass with a granular or 
smooth surface (Fig. 3) and an adenocarcinoma 
as a heterogeneously echogenic pedunculated 
mass with a granular or smooth surface (Fig. 4). 
Cho et al. [14] focused on relatively hypoechoic 

areas at the cores of polyps, reporting the pres-
ence of such hypoechoic cores on EUS to be a 
strong predictive factor for neoplastic polyps.

EUS also can delineate connections between 
pancreatobiliary ducts in the pancreatic paren-
chyma of the pancreas as clearly as endoscopic 
retrograde cholangiopancreatography (ERCP) 
[15], abnormal connections between pancrea-
tobiliary ducts are closely associated with gall-
bladder carcinoma because they permit reflux 
of pancreatic juice into the bile duct [16, 17]. 
When EUS shows abnormal connections 
between pancreatobiliary ducts, gallbladder 
lesions should be suspected to be malignant.

Differential Diagnosis of Gallbladder 
Wall Thickening Lesions

Gallbladder wall thickening poses difficulty 
in differentiating between benign processes 
such as inflammation and malignant tumor. 
Diffuse adenomyomatosis sometimes can mimic 

Fig. 2  EUS shows localized adenomyomatosis as a non-sessile polypoid lesion with small cystic areas corresponding 
to proliferation of Rokitansky–Aschoff sinuses (RAS)
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an inhomogeneous enhancement pattern in 
 contrast-enhanced EUS was a strong predictive 
factor for malignant gallbladder wall thickening.

Staging of Gallbladder Carcinoma

Mitake et al. [21] reported the effectiveness 
of EUS in determining the extent of tumor 
invasion; differentiation between early and 
advanced-stage tumors was 79.5% accurate, 
and the overall accuracy for tumor invasion 
depth assessment was 76.9%. Tumor infiltra-
tion can be visualized as hypoechoic tumor 
disrupting the layers of the gallbladder wall. 
In patients with an T2-stage adenocarcinoma, 
EUS can demonstrate a hypoechoic tumor at 
the base of a non-sessile polypoid lesion even 
when invasion is only as deep as the second or 
third hyperechoic layer of the gallbladder wall 
(Fig. 5). Kimura et al. [22] also reported EUS to 

gallbladder carcinoma. Xanthogranulomatous 
cholecystitis (XGC) can be particularly difficult 
to differentiate from gallbladder cancer using 
EUS alone, given possible loss of the multilay-
ered structure of the gallbladder wall and infil-
tration of the inflammatory process into adjacent 
organs [18]. Kim et al. [19] noted EUS findings 
of gallbladder wall thickness exceeding 10 mm 
and reduced internal echogenicity as independ-
ent predictive factors for neoplasm. However, 
differentiating malignant lesions from benign 
gallbladder wall thickening remains to be diffi-
cult. Recent refinements of EUS instruments and 
use of an ultrasonographic contrast agent can 
improve diagnostic accuracy. Imazu et al. [20] 
reported that overall sensitivity, specificity, and 
accuracy for diagnosing malignant gallbladder 
wall thickening for EUS and contrast-enhanced 
EUS, respectively, were 83.3% versus 89.6%, 
65% versus 98% (p < 0.001), and 73.1% ver-
sus 94.4% (p < 0.001). In the same study, 

Fig. 3  EUS shows an adenoma as a pedunculated, homogeneously isoechoic mass with a smooth surface. In the core 
of the polyp, relatively hypoechoic areas compared with general background echogenicity are shown by arrows
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assessed accurately in 11 of 14 cases (78.6%), 
while assessment was accurate in 13 of 14 cases 
(92.9%) using contrast-enhanced EUS.

Diagnosis of Cholelithiasis 
and Gallbladder Microlithiasis 
in Patients with Acute Pancreatitis

Acute pancreatitis may be either idiopathic or 
a complication of alcoholism, gallstones, medi-
cation, hyperglycemia, or post endoscopic ret-
rograde cholangiopancreatography (ERCP). 
In Japan, gallstones are responsible for about 
one-quarter of cases, while in Europe and 
North America they account for about half. 
Neoptolemos et al. [25] reported that endoscopic 
sphincterotomy (EST) with stone extraction per-
formed within 72 hours of admission decreased 
morbidity and shortened hospital stays in 
patients with acute pancreatitis. However, ERCP 

be useful for diagnosis of T2 gallbladder cancer. 
Fujita et al. [23] classified EUS images into four 
categories: type A, a pedunculated mass with a 
finely nodular surface and without abnormality 
of the neighboring gallbladder wall; type B, a 
 broad-based mass with an irregular surface and 
no disruption of the outer hyperechoic layer of 
the gallbladder wall; type C, irregularity of the 
outer hyperechoic layer due to mass echo; and 
type D, disruption of the outer hyperechoic layer 
by mass echo. They then assigned the image 
types EUS to T stages for gallbladder carci-
noma. Type A would be tumor in situ (Tis); type 
B, T1 or possibly T2; type C, T2; and type D, T3 
or higher. Each of the four EUS image catego-
ries correlated well with the histologic depth of 
invasion.

Developments of contrast agents may 
increase the usefulness of EUS for tumor 
assessment. Hirooka et al. [24] reported that in 
 non-contrast EUS, depth of tumor invasion was 

Fig. 4  EUS shows an adenocarcinoma as a pedunculated, heterogeneously echogenic mass with a granular surface
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carcinomas have been correctly diagnosed using 
EUS in essentially all cases, this modality is far 
less reliable in assessing broad-based carcino-
mas, whether elevated or flat. Further develop-
ments are awaited for more accurate diagnosis 
of such cancers and for more precise determi-
nation of the depth of invasion by gallbladder 
carcinomas.
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Gallbladder: 
Percutaneous 
Ultrasound-Guided 
Biopsy

Toshiharu Ueki, Toru Maruo, and Ken Kinjyo

Introduction

In general, collected specimens are subjected to 
cytology and histology; however, histology that 
can be diagnosed by taking into account struc-
tural variants in addition to cell variants has 
higher diagnostic ability.

Regarding the biliary tract, the usefulness 
of cytology and histology of bile ducts and the 
gallbladder under endoscopic retrograde chol-
angiography (ERC) has been reported, but the 
accuracy of diagnoses is not satisfactory [1, 2]. 
Pathological diagnosis plays a major role in 
definitive and qualitative diagnosis of gallblad-
der disease, surgical indication, and determina-
tion of surgical procedure. Recently, there have 
been reports of endoscopic  ultrasound-guided 
fine needle aspiration (EUS-FNA) [3–5]. 
Moreover, the usefulness of percutaneous ultra-
sound-guided pancreas core biopsy has been 
reported [6, 7], but there are few reports of per-
cutaneous gallbladder biopsy [8]. Therefore, this 
study aimed to report the actual conditions and 

problems of percutaneous ultrasound-guided 
gallbladder biopsy.

Methods

Instrument

There are linear, sector, and convex types of 
ultrasound puncture probes that can be used for 
collecting tissues. The linear type is only used 
for punctures, and there is a groove for pass-
ing a puncture needle in section of the probe. It 
has the advantage that the needle can penetrate 
straight to the target directly under the probe, 
and deflection of the needle can be reduced. A 
sector type and microconvex type are used with 
a detachable guide attachment. The microconvex 
type is often used, and during applications, there 
are a few blind spots and its direction can be 
freely changed in close contact with the recessed 
abdominal wall. Therefore, it can puncture the 
target site avoiding relatively large blood ves-
sels in the puncture path (Fig. 1 Canon Medical 
Systems Corporation, Japan).

A percutaneous transhepatic cholangiography 
(PTC) needle that is used for cytology is used as 
a puncture needle, and a biopsy needle is used 
for histology. The biopsy needles are cutting 
needle and suction biopsy needle. Cutting nee-
dles include Tru cut needle and Quick-Core® 
Coaxial Needle (Cook Medical Holdings LLC, 
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evaluated to check for a bleeding tendency. The 
patient fasts on the day of biopsy, but a small 
amount of water is allowed.

Percutaneous Ultrasound-Guided 
Gallbladder Biopsy

Disinfection and Local Anesthesia

After confirming the puncture site with a micro-
convex probe, the skin is disinfected around the 
puncture site and a local anesthetic is admin-
istered. A gel is placed in a sterilized dispos-
able probe cover (CIV-FlexTM General Purpose 
Ultrasound Probe Covers, CIVCO Medical 
Solutions, USA), and the probe and cable are 
covered by it. Subsequently, a sterilized guide 
attachment is attached to the probe. Isodine dis-
infectant is used as an  echo-transmitter on the 
skin surface.

Biopsy Technique
First, gallbladder puncture is approached tran-
shepatically mainly from the intercostal space. 

USA). In addition, there are products such as 
Sonoguide biopsy needle (Fig. 2 Sonopsy-C1, 
Hakkou Co., Ltd. Japan) and Surecut needle 
(Task Laboratory, Japan), but we choose to use a 
21-gauge, 17-cm-long Sonoguide biopsy needle.

Preparation Before Percutaneous 
Ultrasound-Guided Gallbladder Biopsy

It is important to obtain an image of the punc-
ture site and puncture route using ultrasonog-
raphy before the procedure. It needed to be 
confirmed that the target site can be punctured 
without involving the gallbladder lumen and 
that there is no large blood vessel in the punc-
ture route, as assessed with the color Doppler 
method of ultrasound. A contrast method of 
ultrasound is used to check the blood flow at the 
target site, i.e., the gallbladder (Fig. 3a, b). As 
a general rule, percutaneous ultrasound-guided 
gallbladder biopsy is not performed in patients 
with ascites.

If percutaneous ultrasound-guided biopsy 
is planned, platelet count, prothrombin time, 
and activated partial thromboplastin time are 

Fig. 1  Microconvex probe of ultrasound (Canon Medical Systems Corporation, Japan)
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When puncturing with deep inspiration, the 
puncture needle may be considerably displaced 
while breathing. Therefore, the patient must 
breathe as shallowly as possible, and the posi-
tion of the probe must be determined so that 
the target site enters the puncture line dur-
ing inspiration or expiration. A guide needle is 
inserted into the puncture opening of the guide 
attachment attached to the probe. Next, a biopsy 
needle (Sonoguide biopsy needle) is slowly 
inserted while confirming the target site using 
ultrasound.

A microconvex probe has a small echo beam 
surface, so it is easy to check whether the tip of 
the biopsy needle can reliably puncture the tar-
get site. When the tip of the needle is confirmed 
in the target site, the tip of the needle is returned 
to the abdominal wall side in the target site, the 
suction piston is fully pulled, and then, the nee-
dle is reciprocated a few times in the target site. 
The needle is pulled out after manually rotating 
it. When the puncture needle is placed in a bottle 

containing 20% formalin and the negative pres-
sure of the puncture needle is released, the tissue 
inside the puncture needle is pushed out natu-
rally. If macroscopic white-colored tissue is suffi-
ciently collected, it is often completed with single 
puncture. If initial puncture was insufficient, it 
can be repunctured 2–3 times (Fig. 4a, b).

Post-biopsy Procedure

A small pillow is placed on the patient’s abdo-
men wall over the puncture site, and wrapped 
around the compression band for 6 hours after 
biopsy. Blood pressure and body temperature 
are measured over time whiling paying attention 
to clinical symptoms such as abdominal pain. 
The next day after biopsy, a blood biochem-
istry test is performed. If there is a change in 
clinical findings, abdominal ultrasonography or 
enhanced CT is performed.

Fig. 2  Sonoguide biopsy needle (Sonopsy-C1, Hakko Co., Ltd., Japan)

Fig. 3  Ultrasonographic findings in gallbladder bladder carcinoma (case 1). The tumor occupies the entire gallblad-
der (a) and is associated with abundant blood flow on color contrast method (b)
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frequency of tumor seeding is low, the possi-
bility must always be considered [9]. The pos-
sibility of cancer is high as a result of imaging 
examination. Moreover, regardless of the results 
of pathological diagnosis via biopsy, in prin-
ciple, if resection is indicated, a biopsy is not 
considered. Additionally, as the number of punc-
tures increases, the risk of tumor dissemination 
increases. Therefore, efforts must be made to 
ensure that samples are collected with a small 
number of punctures.

Results of Percutaneous  Ultrasound-
Guided Gallbladder Biopsy in Our 
Hospital

The results of five cases of percutaneous 
 ultrasound-guided gallbladder biopsy for gallblad-
der masses are shown in Table 1. The average age 
was 74 years, and there are four males and one 
female. In the three cases, the tumors were local-
ized entirely within the gallbladder; there was 
one tumor in the neck, and one in the fundus. 
All patients underwent biopsy using a 21-guage, 
17-cm-long Sonopsy needle. The number of punc-
tures was one in four cases and two in one case. 
Pathological diagnosis was an adenocarcinoma in 
four cases and invasion by hepatocellular carci-
noma in one case. One patient experienced nausea 
after biopsy, but it improved with follow-up.

Complications of Percutaneous 
Ultrasound-Guided Gallbladder 
Biopsy

The complications of percutaneous  ultrasound- 
guided gallbladder biopsy are mainly bleed-
ing, cholecystitis, bile leakage, and intraperi-
toneal infection. Bleeding may be caused by 
vascular injury of the puncture route in the liver 
or from the gallbladder. Intrahepatic vascular 
injury can be avoided using the ultrasonic color 
Doppler method for relatively large blood ves-
sels. To avoid bleeding from the gallbladder, 
a site with poor blood flow in the target site is 
punctured. The biopsy needle may be damaged 
in the gallbladder owing to the patient’s breath-
ing; therefore, it is important for patient to hold 
the breath firmly so that the gallbladder itself 
does not move during breathing. Although we 
have experienced a small number, there were 
no cases in which bleeding was evident after the 
examination.

In addition, we have had no experience with 
cholecystitis after biopsy, which may be caused 
by bile leakage from the gallbladder after punc-
ture of the gallbladder.

Among the complications associated with 
biopsy, the problem of tumor dissemination 
is controversial. The most common purpose 
of biopsy is the pathological confirmation of 
malignant tumors, such as cancer. Although the 

Fig. 4  Histological feature of gallbladder carcinoma (case 1). Gallbladder core tissue was acquired by percutaneous 
ultrasound-guided gallbladder biopsy (a). Moderated-poorly adenocarcinoma is shown (b)
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Indications of EUS-FNA 
and Percutaneous Ultrasound-Guided 
Biopsy in Gallbladder Disease

Recently, the usefulness of EUS-FNA for gall-
bladder masses and thickened gallbladder walls 
was reported [2]. The advantage of EUS-FNA 
over percutaneous gallbladder biopsy is that it 
can be used to perform biopsy for small lesions 
in the neck of the gallbladder, which is difficult 
to perform with percutaneous ultrasound-guided 
gallbladder biopsy. EUS-FNA can avoid rela-
tively small blood vessels when performed with 
a color Doppler method, reducing complications 
such as bleeding. However, although EUS-FNA 
is more popular presently than it was previously, 
there are still few facilities that can implement 
this procedure. Furthermore, although there are 
few cases that require gallbladder biopsy, percu-
taneous ultrasound-guided gallbladder biopsy is 
a desirable investigation technique owing to its 
simplicity and versatility.

Conclusion

Percutaneous ultrasound-guided gallbladder 
biopsy can safely and adequately collect gall-
bladder tissue. It is an alternative test in facilities 
where EUS-FNA can’t be performed, or when 
the gallbladder diseases can’t be histologically 
diagnosed by EUS-FNA and ERC.

Table 1  Clinical findings in gallbladder diseases with percutaneous ultrasound-guided biopsy

Case. Age/Gender Tumor site Number of punctures Pathological diagnosis

1 57/Male Hole One Adenocarcinoma

2 80/Female Hole One Adenocarcinoma

3 83/Male Neck One Adenocarcinoma

4 80/Male Fundus Two Adenocarcinoma

5 72/Male Hole One Hepatocellular carcinoma

http://dx.doi.org/10.1186/s12957-019-1681-x
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Introduction

Obtaining pathological evidence of gallblad-
der carcinoma (GBC) is necessary for patients 
with operable tumors prior to resection and 
 non-operable tumors before chemotherapy. 
Malignant tumors of the gallbladder include 
not only adenocarcinomas but also other types 
such as neuroendocrine cancer [1], making his-
tological diagnosis of unresectable malignant 
gallbladder tumors necessary for determining 
chemotherapy regimens. Traditionally, tissue 
samples from gallbladder mass lesions have 
been obtained by fine needle aspiration (FNA), 
guided by transabdominal ultrasound (US) 
or computed tomography (CT), or by surgery 
[1–3]. These methods have reported sensitiv-
ity of >88% and specificity of nearly 100%. 
Percutaneous aspiration, however, may have 
suboptimal performance in patients with smaller 
gallbladder lesions [1–6], as well as being asso-
ciated with risks of abdominal pain (4.5%), bile 
peritonitis (1–6%), and needle tract seeding  
[5, 6].

Alternatively, gallbladder masses with bil-
iary obstruction can be diagnosed by endoscopic 
retrograde cholangiography (ERC)-guided 
biopsy and brushing, which has an accuracy of 
60–80% in the diagnosis of gallbladder can-
cer [7]. Although this method is satisfactory 
for obtaining tissue from gallbladder cancers 
extending to the biliary duct, this method has 
difficulty in obtaining adequate tissue samples 
from gallbladder tumors that do not extend to 
the bile duct. Gallbladder cytology has been 
assessed by endoscopic transpapillary gallblad-
der drainage (ETGBD), in which a drainage 
tube is inserted into the gallbladder using a cath-
eter and guidewire [7–9]. Although this innova-
tive technique shows high rates of sensitivity 
(59–81%) and success (83–100%), it requires 
the skills of expert endoscopists and may not 
be technically feasible for all patients with gall-
bladder carcinoma [7, 10]. In addition, insertion 
of an ETGBD tube into the gallbladder may 
increase the risk of complications such as gall-
bladder perforation and bile leakage compared 
with conventional ERC [7–9]. In recent years, 
endoscopic ultrasound-guided fine needle aspi-
ration (EUS-FNA) has been used increasingly to 
obtain tissue samples from various organs [11]. 
EUS-FNA is reported to safely obtain suffi-
cient tissue to diagnose gallbladder mass lesions 
[10–15].
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 EUS-FNA, indicating the usefulness of EUS-
FNA when XGC is suspected.

Most previous reports describing the use of 
EUS-FNA for gallbladder lesions have included 
rapid on-site evaluation (ROSE) [10–15]. The 
diagnostic accuracy of EUS-FNA is dependent 
on the volume of samples [16, 17]. The presence 
of a ROSE, as determined by a cytopathologist, 
in the room from which the sample was obtained, 
has been shown to improve the diagnostic yield 
of the procedure [17]. ROSE may allow fewer 
needle passes and ensure the adequacy of the 
obtained sample, as shown by onsite staining 
prior to the completion of the procedure.

To date, no significant complications of 
 EUS-FNA have been reported, such as bleeding, 
bile peritonitis, and needle track seeding. However, 
most studies to date have included few patients, 
and all of these studies were performed retrospec-
tively. Larger scale studies also had limitations, in 
that they only included patients with gallbladder 
tumors accompanied by biliary obstruction.

Indications of EUS-FNA 
for Gallbladder Tumors

At present, there are no clear indications for 
EUS-FNA in the diagnosis of gallbladder 
tumors. Two studies to date have evaluated indi-
cations of EUS-FNA for gallbladder tumors. In 

Effectiveness and Safety of EUS-FNA 
for Gallbladder Tumors

EUS-FNA is performed in patients with gall-
bladder tumors to distinguish malignant from 
benign lesions. In six studies involving a total of 
101 patients with gallbladder lesions,  EUS-FNA 
showed a sensitivity of 91.7% and a specific-
ity of 100% [10–15] (Table 1). EUS-FNA was 
first reported useful for diagnosing gallblad-
der tumors in six patients, with five having 
GBC and one having xanthogranulomatous 
cholecystitis (XGC), resulting in an 83% accu-
racy rate [12]. An assessment of six patients 
found that five had GBC and one had chronic 
cholecystitis, with EUS-FNA having an accu-
racy rate of 100% [14]. Although none of these 
patients experienced complications, the gall-
bladder tumor in one patient could not be punc-
tured, with this patient requiring puncture of 
the lymph nodes [14]. Another study, which 
assessed seven patients with GBC by EUS-FNA, 
reported a sensitivity rate of 80%, as high as that 
of  EUS-FNA in biliary duct [11]. EUS-FNA 
can distinguish between GBC and XGC, types 
of tumors difficult to differentiate by imaging 
methods. An assessment of 15 patients by EUS-
FNA found that 10 had GBC and five had XGC, 
with an accuracy rate of 86.6% [13]. Five of six 
patients avoided surgery or major resection after 

Table 1  Reports of endoscopic ultrasound guided-fine needle aspiration for gallbladder mass lesion

Study Year published Number of 
patients

Final diagnosis Sensitivity
(%)

Specificity
(%)

Complica-
tions
(%)

Jacobson et al. 
[12]

2003 6 Malignant 5
Benign 1

83.3 100 0

Varadarajulu 
et al. [14]

2005 6 Malignant 5
Benign 1

100 N/A 0

Meara et al. [11] 2006 7 Malignant 7 85.7 100 0

Hijioka et al. [13] 2010 15 Malignant 10
Benign 5

90 100 0

Hijioka et al. [10] 2011 50 Malignant 49 96 100 0

Singla et al. [15] 2019 101 Malignant 98
Benign 1

90.8 100 0

Total 185 Malignant 174
Benign　　8

92.1 100 0
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one, 50 patients underwent EUS-FNA for gall-
bladder tumors [10]. Because EUS-FNA of 
gallbladder tumors carries a risk of biliary peri-
tonitis and needle track seeding, the liver and/
or lymph node metastasis was punctured before 
the gallbladder tumor was punctured in patients 
with the liver and/or lymph node metastasis. 
EUS-FNA had a higher sensitivity rate than 
ERC sampling in patients with GBC (96% ver-
sus 47.4%, p < 0.001) [10]. Gallbladder tumors 
were directly punctured in 10 patients, whereas 
lymph nodes were punctured in 37 and meta-
static liver lesions in two to diagnose gallblad-
der tumors [10]. In the second large clinical 
trial, 101 patients with gallbladder mass lesions 
with biliary obstruction underwent EUS-FNA 
[15]. Gallbladder tumors were punctured in 58 
patients, lymph nodes in 23, and both in 16. The 
sensitivity and specificity of EUS-FNA were 
90.8% and 100%, respectively, with no patients 
experiencing serious adverse events [15].

Based on these findings, indications of 
 EUS-FNA of gallbladder mass lesions should 
include the following:

① EUS-FNA is indicated for large tumors 
extending into the bile duct and tumors infil-
trating the liver because it is easy to puncture 
the tumor while avoiding gallbladder lumen.

② Although ETGBD can assess the cytology of 
tumors localized to the gallbladder, ETGBD has 
drawbacks, including its insufficient diagnos-
tic accuracy and the requirement for an expert 
endoscopist. In case of failure of ETGBD, 
EUS-FNA can be an alternative option for path-
ological diagnosis of gallbladder tumors.

③ In patients with gallbladder tumors accompanied 
by liver and/or lymph node metastasis, the liver 
and/or lymph node metastasis should be punc-
tured before the gallbladder tumor is punctured.

EUS-FNA Technique for Gallbladder 
Mass Lesions

The routes for EUS puncture of gallbladder 
tumors include those from the duodenal bulb, 
the stomach vestibule, and the stomach body. 

Following EUS detection of a gallbladder mass 
lesion, the puncture site that avoids fluid space 
can be determined, thereby avoiding the risks of 
bile leakage and needle track seeding associated 
with direct puncture of the lesion (Fig. 1a). To 
avoid puncturing the gallbladder mass through 
any intervening layer of fluid or potential space 
while targeting the mass, the probe can be enfaced 
by changing the position of the EUS. In patients 
with GBC and liver and/or lymph node metasta-
sis, the liver and/or lymph node metastasis should 
be punctured prior to puncturing the gallbladder 
tumor. However, in patients with tumors localized 
to the gallbladder, it is necessary to puncture the 
gallbladder tumor for pathologic diagnosis. Direct 
puncture of the tumor through the gallbladder wall 
should be in a tangential direction, increasing the 
stroke distance associated with needle movement 
(Fig. 1b). In patients with lesions known or sus-
pected of infiltrating the liver parenchyma, part of 
the infiltrating liver parenchyma or the gallbladder 
wall in contact with the liver parenchyma should 
be punctured. It is frequently difficult to punc-
ture gallbladder tumors in patients with preserved 
gallbladder lumen. After puncture, the inner cyl-
inder of the FNA needle should be pulled out 
while applying a syringe with a suction pressure 
of 10–20 mL to the FNA needle (Fig. 1c), with 
the inside of the mass penetrated 10–20 times to 
collect cells. After the needle is withdrawn from 
the endoscope channel, the stylet should be rein-
troduced, and the specimens transferred to glass 
slides (Fig. 1d). The specimens obtained by EUS-
FNA are subsequently analyzed cytologically and 
histologically, with part of the specimens used for 
ROSE. When the cytopathologist indicates that a 
sufficient number of cells have been obtained, the 
procedure is stopped (Fig. 1e).

Typical Patients Who Underwent  EUS-
FNA for Diagnosis of a Gallbladder 
Tumor

Patient 1

A 60-year-old man presenting with abdominal 
pain was evaluated by contrast-enhanced com-
puted tomography (CECT). CECT showed a 
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Fig. 1  EUS-FNA technique for gallbladder mass 
lesions. a Intervening layer of fluid space exists on punc-
ture line (dotted lines). In this position of endoscopic 
ultrasound (EUS), the gallbladder tumor should not be 
punctured with a needle. b Gallbladder tumor is depicted 
on a punctured line without any intervening layer of fluid 
space. The gallbladder tumor is punctured with a needle 
(red arrowhead) through the gallbladder wall in a tan-
gential direction. c A syringe with a suction pressure of 

10–20 mL is applied to the needle. d After the needle is 
withdrawn from the endoscope channel, the specimens 
of gallbladder tumor (white arrow) are transferred from 
the needle tip to glass slides by reintroducing the stylet. 
e There are cohesive group of epithelial cells with altered 
nuclear (cytoplasmic ratio, cytoplasmic mucin, and 
nuclear membrane irregularity) in the smear (Stain: Diff 
Quik; magnification: ×20)
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Fig. 2  A patient with a primary diffuse large B-cell 
lymphoma of the gallbladder. a Contrast-enhanced 
computed tomography, showing the hypovascular dif-
fuse irregular wall of a thickened gallbladder (white 
arrow). b Endoscopic ultrasound, showing thickening 
of the gallbladder wall and a low echoic mass involving 
the entire lumen of the gallbladder (white arrowhead). 
c Endoscopic ultrasound-guided fine needle aspiration 

(EUS-FNA) of a gallbladder mass lesion. The arrowhead 
shows the FNA needle inside the lesion. d Histological 
examination of the lesion, showing atypical cells with 
a high N/C ratio and medium to large nuclei (yel-
low arrow). (Hematoxylin-eosin staining × 400). e–g 
Immunohistochemical staining with antibodies to CD20 
(e), bcl6 (f), and MUM-1 (g), showing that the cells were 
positive for all three (×200)
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low echoic mass inside the gallbladder lumen 
(Fig. 2b). The low echoic mass in the neck 
of the gallbladder was punctured from the 
duodenal bulb with a 22G needle (Fig. 2c). 
Hematoxylin and eosin staining showed atypical 
cells with a high N/C ratio and medium to large 
nuclei (Fig. 2d). Immunohistochemical staining 
showed that these cells were positive for CD20, 

hypovascular gallbladder tumor with irregular 
borders, thickening of the gallbladder wall, and 
partial liver invasion. A preliminary diagno-
sis indicated that the gallbladder tumor was an 
unresectable GBC (Fig. 2a). EUS-FNA of the 
gallbladder tumor was performed for patho-
logical diagnosis. EUS showed that the gall-
bladder wall was thickened, with an  all-around 

Fig. 3  A patient with a primary gallbladder adeno-
carcinoma. a Contrast-enhanced computer tomogra-
phy, showing a hypervascular gallbladder tumor (white 
arrow) developing a papillary shape on the fundus gall-
bladder wall. b Endoscopic ultrasound, showing an 
iso-echoic mass developing an irregular papillary shape 
in the gallbladder (white arrowhead). c Endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA) 

of a gallbladder mass lesion. The arrowhead shows the 
FNA needle inside the lesion under guided EUS-e flow 
imaging. d Histological examination, showing atypi-
cal epithelium of the gallbladder wall with an irregular 
tubular structure (Hematoxylin-eosin staining × 100). 
e Histological examination, showing atypical cells with 
irregular nuclear enlargement. (Hematoxylin-eosin 
staining × 400)
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bcl6, and MUM1 (Fig. 2e–g). Based on these 
findings, the gallbladder tumor was diagnosed 
as a primary diffuse large B-cell lymphoma of 
the gallbladder. The patient was therefore treated 
with R-CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisolone in combination 
with rituximab) chemotherapy.

Patient 2

A 79-year-old woman presenting with abdomi-
nal pain was evaluated by CECT, which showed 
a hypervascular gallbladder tumor with a papil-
lary shape on the fundus gallbladder wall. A pre-
liminary diagnosis indicated that the gallbladder 
tumor was an unresectable GBC (Fig. 3a). EUS 
scanning from the duodenal bulb showed an 
 iso-echoic mass developing into an irregular pap-
illary shape (Fig. 3b). Under Doppler guidance, 
the mass was punctured in the fundus gallblad-
der with a 22 G needle (Fig. 3c). Hematoxylin 
and eosin staining showed atypical epithelium 
of the gallbladder wall with an irregular tubular 
structure and atypical cells with irregular nuclear 
enlargement (Fig. 3d, e). The gallbladder tumor 
was diagnosed as an adenocarcinoma.

Conclusion

Although EUS-FNA of the gallbladder is useful 
for diagnosing gallbladder tumors, it is not the 
initial method of choice because of its associ-
ated risks of bile leakage and needle track seed-
ing. Also, the efficacy and safety of EUS-FNA 
for tumors localized in the gallbladder remain 
uncertain. Large clinical studies, including ran-
domized controlled clinical trials, are needed 
to test the efficacy and safety of EUS-FNA in 
patients with gallbladder tumors.
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Pathogenesis 
and Treatment 
of Gallbladder Stone

Dong Ki Lee and Sung Ill Jang

Introduction

Various genetic and environmental factors are 
involved in the formation of gallbladder (GB) 
stones. Understanding the pathogenesis of GB 
stone formation can help in the prevention of 
GB stone and the development of future treat-
ment methods. The treatment for GB stone has 
been performed by surgical and medical treat-
ments depending on the patient’s condition and 
clinical situation. We describe the pathogenesis 
and treatment of GB stone in this chapter.

Pathogenesis

Cholesterol Gallstone

Cholesterol gallbladder stones are formed in 
the gallbladder, due to changes in the bile-lipid 
composition in hepatocytes. As many meta-
bolic diseases, the pathogenesis of the meta-
bolic abnormalities underlying the formation of 

gallbladder stones involves both acquired and 
genetic factors.

Genetic Risk Factors

The prevalence of cholesterol gallstones var-
ies among populations: specifically, it is 
extremely low in Asian and African populations 
in the equatorial regions, intermediate in North 
European and North American populations, 
and extremely high (30–70%) in populations 
of Native-American ancestry [1]. The preva-
lence of gallstones is high in Hispanic popula-
tions of Central and South America, Hispanic 
Americans from South America, and Hispanic 
Americans of Native-American ancestry [2–4]. 
Native populations of North and South America 
are the groups at the highest risk of gallstones 
worldwide. In these populations, genetic risk 
factors lead to lithogenic bile and gallstones 
early in life (<30 years of age) [3, 5], resulting 
in a gallstone prevalence of >50% at 50 years 
of age in both men and women [3, 4, 6, 7]. 
One hypothesis to explain this high prevalence 
is that exposure of their ancestors to Ice Age 
conditions of food deprivation favored selec-
tion for thrifty genes that confer predisposi-
tion to gallstones and obesity under conditions 
of caloric abundance [8]. The gene encod-
ing  3-hydroxy-3-methyl-glutaryl-coenzyme 
A (HMG-CoA) reductase, which is involved 
in the de novo synthesis of cholesterol, was 
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Metabolic and Exogenous Risk Factors

In addition to the above mentioned genetic 
factors, several conditions lead to cholesterol 
hypersecretion into bile, triggering the forma-
tion of gallstones. Epidemiological studies have 
identified a large number of risk factors for 
cholesterol stones (Table 1) [18, 19]. Obesity 
confers predisposition to gallstone forma-
tion [20], symptomatic gallstones [21], and the 
need for cholecystectomy. Hyperinsulinemia 
is associated with increased hepatic choles-
terol uptake [22], and biliary secretion [23], as 
well as hyposecretion of biliary bile acids [24]. 
In addition, insulin resistance and type 2 diabe-
tes mellitus are independently associated with 
cholesterol gallstone formation and associated 
disease [25, 26]. Obesity and rapid weight loss 
are associated with an extremely high inci-
dence of gallstones [27]. Cholesterol synthesis 
is increased in obesity, reportedly because of 
increased HMG-CoA reductase activity [28]. 
The resulting expansion of the hepatic free 
cholesterol pool leads to an increase in biliary 
cholesterol saturation [29]. During weight loss, 
the lithogenicity of bile is further enhanced by 
net excretion of cholesterol; in circumstances 
involving severely fat-restricted diets or bariat-
ric surgery causing rapid weight loss, the litho-
genicity of bile is enhanced by gallbladder stasis 
[27, 30]. Rapid weight loss (more than 1.5 kg 
weekly) leads to the formation of gallstones in 
up to 30% of individuals and increases the risk 
of biliary symptoms and need for cholecystec-
tomy [27, 31–33]. Omental and mesenteric fats 
consumed during weight loss enter the blood 
and increase the free cholesterol level in hepato-
cytes, leading to cholesterol gallstone formation.

Endogenous estrogens at puberty or dur-
ing pregnancy, as well as exogenous estrogens 
(e.g., in the form of contraceptives, postmeno-
pausal medication, or other pharmacological 
treatments), increase biliary cholesterol satura-
tion and are associated with gallstone formation 
[34]. Input to the hepatic free cholesterol pool 
is increased by upregulation of the  low-density 
lipoprotein receptor. Estrogen enhances hepatic 
synthesis and secretion of cholesterol; it also 

upregulated; in contrast, the gene encoding 
7-α-hydroxylase, which converts cholesterol to 
bile acid, was downregulated. These changes 
resulted in an increased level of free cholesterol 
in hepatocytes and increased cholesterol satura-
tion index in excreted bile [6]. The associations 
between multiple lithogenic gene variants and 
gallstone formation indicate that the contribut-
ing genes are highly heterogenous [9, 10]. This 
may be due to genetic drift over many thousands 
of years, resulting in changes in the body to pre-
serve energy sources in a manner involving cho-
lesterol metabolism in the liver. Therefore, we 
call the gallstone that came in from the cold [8].

The effects of genetic factors on gallstone 
formation are supported by familial cluster-
ing within populations [11] and the identifica-
tion of several lithogenic genes in an inbred 
mouse model [12]. A study of Swedish twin 
pairs with gallstone disease indicated that up 
to 25% of the risk of gallstone disease is deter-
mined by genetic factors [13]. Genome-wide 
association studies identified a variant of the 
hepatobiliary cholesterol transporter (ABCG8 
p.D19H) as the most frequent genetic risk fac-
tor in humans [10, 14, 15]. Combined with 
findings regarding UGT1A1, which is a risk 
factor predominantly in men, the data thus far 
indicate that genetic factors contribute up to 
15% of the  population-attributable gallstone 
risk [16]. Mutations in some lithogenic genes 
may cause gallstone formation; these genes 
include the common gallstone-associated 
variants of ABCG4 and ABCG8, as well as 
UGT1A1 [15, 16]. In addition, rare mutations 
in ABCB4 (encoding hepatobiliary floppase), 
ABCB11 (encoding a bile salt export pump), 
CFTR (encoding cystic fibrosis transmembrane 
conductance regulator), and CYP7A1 (encod-
ing cholesterol 7α-hydroxylase) each promote 
gallstone formation by directly altering the 
composition of bile [17]. In contrast, polymor-
phisms in other lithogenic genes (e.g., those 
encoding apolipoproteins, cholesteryl ester 
transfer protein, and adrenergic and nuclear 
receptors) might exert a lithogenic effect only 
in the presence of primary genetic risk factors 
[10, 17].
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reduces bile salt synthesis by upregulation of 
estrogen receptor 1 and G protein-coupled 
receptor 30 (corresponding to lithogenic gene 
cluster 18 in inbred mice) [35]. This may par-
tially explain the higher prevalence of gallstones 
in women than in men. Interestingly, in up to 
60% of women, gallstones can disappear post-
partum, indicating that pregnancy is associated 
with transient lithogenicity [14]. Notably, while 
estrogens increase the synthesis and secretion 

of hepatic cholesterol, progesterone causes gall-
bladder hypomotility [36].

Fibric acid derivatives increase biliary cho-
lesterol saturation and reduce the serum cho-
lesterol level. HMG-CoA reductase inhibitors 
reduce low-density lipoprotein receptor uptake, 
thereby reducing the hepatic free cholesterol 
pool and biliary cholesterol saturation [37]. Most 
cholesterol is endogenously synthesized; dietary 
cholesterol has a limited impact on cholesterol 

Table 1  Major risk factors for gallbladder stones (adapted from Ref. [18])

HDL-C = high-density lipoprotein cholesterol; HCV = hepatitis C virus; HRT = hormone replacement therapy; 
TG = triglycerides; TPN = total parenteral nutrition

Risk factor Cholesterol gallstones Black pigment galls-
tones

Family history/ethnicity •

Increasing age •

Female gender •

Obesity, especially central adiposity •

Rapid weight loss/bariatric surgery •

Physical inactivity •

Metabolic syndrome •

Dyslipidemia (↑TG, ↓HDL-C), Insulin resistance, diabetes

Diet •

High calorie

High refined carbohydrate/glycemic load

Low fiber

Prolonged TPN •

Drugs •

Estrogen therapy (HRT)

Somatostatin analogue-octreotide

Calcineurin inhibitors

Fibrates

Spinal cord injury •

Chronic HCV infection •

Enterohepatic bacteria (Helicobacter spp.) •

Vitamin B12 and folic acid deficiency •

Anemia (haemolytic, sickle cell) •

Ileal resections •

Cystic fibrosis •

Gastrectomy • •

Liver cirrhosis • •
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and interactions in the hepatobiliary system. 
Cholesterol hypersecretion is essential for the 
development of cholesterol gallstones (Fig. 1). 
Although either an excess of cholesterol or a 
lack of bile salts could theoretically produce 
biliary cholesterol supersaturation, an excess of 
cholesterol is typically the primary cause, as dis-
cussed above. Most patients with gallstones have 
a normal rate of bile acid secretion [41]. The 
cholesterol-to-phosphatidylcholine ratio in the 
bile of patients with gallstones is elevated, com-
pared to that in normal individuals [42]. The free 
cholesterol pool is a major determinant of bil-
iary cholesterol saturation. Increases in the free 
cholesterol pool can occur through a number of 
mechanisms, which may have obscured attempts 
to identify common changes in the enzymes 
that mediate cholesterol and bile salt synthesis. 
Furthermore, synchronized changes in these reg-
ulated enzymes may lead to secondary changes 
[43]. Cholesterol secreted in bile is derived 
mainly from hepatic de novo synthesis; high-
density lipoprotein cholesterol is generated by 
reverse cholesterol transport and chylomicrons 

saturation. However, vegetable protein intake is 
negatively correlated with the incidence of gall-
stones. Patients with spinal cord injury have an 
extremely high prevalence of gallstones [38]. 
Biliary cholesterol saturation and the prevalence 
of gallstones increase with age, irrespective of 
sex. A decline in cholesterol 7-α-hydroxylase 
activity with age contributes to the increased 
cholesterol saturation [39, 40], as does a reduc-
tion in the bile-salts-to-cholesterol ratio.

Cholesterol gallstone formation is influenced 
by acquired and genetic factors. As the most rep-
resentative case is described above, Africans liv-
ing near the equator have a low prevalence of 
gallstone, whereas African-Americans have a high 
prevalence. This difference suggests that genetic 
adaptation over many thousands of years has led 
to a wide variety of acquired lifestyles, which can 
dramatically alter the prevalence of disease.

Pathogenic Mechanism

Cholesterol gallstone formation is the net result 
of a complex series of events in lipid metabolism 

Fig. 1  Metabolic pathways in cholesterol and bile salt 
synthesis. The hepatocyte is a central regulator of choles-
terol homeostasis and is the only site for major synthetic 
pathways of bile synthesis. Cholesterol gallstone forma-
tion is the result of a complex series of events in lipid 

metabolism and interactions in the hepatobiliary system. 
Cholesterol hypersecretion is essential for the development 
of cholesterol gallstones. Although either an excess of cho-
lesterol or a lack of bile salts could theoretically produce 
biliary cholesterol supersaturation (adapted from Ref. [37])
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sludge and formed stones can cause cholangitis 
or gallstone pancreatitis.

Cholesterol gallstone formation is the net 
result of a complex series of events. Cholesterol 
hypersecretion by hepatocytes leads to gallblad-
der hypomotility and increased mucin secre-
tion by the gallbladder epithelium. Loss of the 
gallbladder reservoir function then leads to 
increased degradation of bile salts by intestinal 
bacteria, with resultant changes in the composi-
tion of bile. An increased proportion of hydro-
phobic secondary bile acids causes increased 
mucin secretion in the gallbladder. Cholesterol 
hypersecretion, increased mucin production, and 
increased deoxycholate content promote rapid 
cholesterol crystal formation, aggregation, and 
stone formation. Therefore, reduced gallbladder 
motility and prolongation of nucleation time are 
secondary and tertiary phenomena associated 
with cholesterol hypersecretion by the liver.

Black Pigment Stone

Increased production of unconjugated biliru-
bin can result from increased secretion of con-
jugated bilirubin, as observed in patients with 
hemolysis or alcoholism; this increased produc-
tion of unconjugated bilirubin is associated with 
a high risk of black pigment gallstones (Fig. 2) 
[53]. Conditions that increase the colonic bile 
salt concentration, such as ileal disease, are pre-
sumed to favor the resorption of unconjugated 
bilirubin and subsequent hypersecretion into 
bile. Patients with Crohn’s disease and total par-
enteral nutrition are at increased risk of black 
pigment stones [54], potentially because they 
exhibit increased levels of biliary calcium and 
unconjugated bilirubin.

Black pigment stones contain calcium bili-
rubinate, calcium phosphate, and calcium car-
bonate in a mucin glycoprotein matrix, with a 
small amount of cholesterol [37]. The solubility 
of the calcium salt of unconjugated bilirubin is 
extremely low, although bile salt micelles pro-
vide partial solubilization [55]. After decon-
jugation of conjugated bilirubin by intestinal 
bacteria, a fraction of unconjugated bilirubin is 

(lipoprotein particles that transport cholesterol 
from the intestine, primarily to the liver). The 
contribution of each of these pathways to the 
formation of lithogenic bile is unclear. Insulin 
resistance promotes biliary cholesterol secretion 
by inducing ABDG5 and ABCG8 through dys-
regulation of the transcription factor forkhead 
box protein O1 in hepatocytes [44]. This might 
explain the high prevalence of gallstones in 
patients with diabetes.

Direct consequences of  cholesterol- 
supersaturated bile include gallbladder hypomo-
tility and mucin hypersecretion. In animal 
models, hypomotility precedes the develop-
ment of gallstones [45]. In humans, gallbladder 
filling is impaired due to a substantial reduc-
tion in the flux of bile into the gallbladder 
[46]. Cholesterol-supersaturated bile directly 
depresses contractility [47] due to the increased 
cholesterol content of the epithelial cells that 
line the gallbladder [48, 49]. Excess cholesterol 
is converted to cholesteryl esters and stored in 
the mucosa and lamina propria; this storage of 
cholesteryl esters stiffens the sarcolemmal mem-
brane of smooth-muscle cells, disrupts chol-
ecystokinin 1 receptor signaling, and decouples 
the signal transduction mediated by G proteins, 
(e.g., Gq/11α, Giα1–2, and Giα3) [50]. This causes 
dysfunction of the cholecystokinin receptor 
of muscle cells and gallbladder hypomotility; 
the residence time of bile within the gallblad-
der then increases, allowing sufficient time for 
nucleation. A greater fraction of newly secreted 
bile is also diverted directly to the intestine to 
undergo bacterial metabolism. Moreover, mucin 
secretion is increased, mediated by cholesterol 
supersaturation and increased levels of hydro-
phobic secondary bile acids [36].

An intermediate stage is the formation of 
biliary sludge, a viscous mixture of mucin gly-
coproteins, and cholesterol crystals. Formation 
of biliary sludge, gallbladder mucin and 
microscopic precipitates of multilamellar 
 cholesterol-rich vesicles, and cholesterol mono-
hydrate appears to precede the development of 
macroscopic cholesterol gallstone [1, 51]. The 
mucin gel matrix accelerates cholesterol crystal-
lization and stone growth [52]. In practice, both 
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bilirubinate undergoes free radical polymeri-
zation and possibly oxidation and, in the pres-
ence of gallbladder mucin, forms a mature black 
pigment gallstone [58]. Thus, black pigment 
gallstones are not hard, unlike cholesterol gall-
stones, and break when rubbed.

Brown Pigment Stone

Bile is generally sterile, but may briefly con-
tain bacteria. In some clinical situations, the 
bile duct can be colonized by bacteria. The first 

reabsorbed in the colon in the presence of bile 
salts and undergoes enterohepatic circulation 
[56]. Increases in the unconjugated bilirubin 
concentration or reductions in the abundance 
of solubilizing micelles and vesicles contribute 
to biliary unconjugated bilirubin supersatura-
tion [37]. Elevations in calcium ion concentra-
tion, possibly caused by bile salt hyposecretion, 
further accelerate calcium bilirubinate pre-
cipitation. Ionized calcium is partially bound 
by micelles and vesicles in bile [57]; reduc-
tions in the bile salt concentration diminish the 
 calcium-buffering capacity of bile. Calcium 

Fig. 2  Pathogenesis of black pigment gallstones. The 
major initiating event is an increase in conjugated biliru-
bin secretion. Deconjugation produces unconjugated bili-
rubin. The extreme insolubility of calcium bilirubinate 

promotes precipitation. In conjunction with calcium-
binding protein, mucin promotes formation of black pig-
ment gallstones (modified from Ref. [121])
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are deconjugated to free bile acids by bile acid 
hydroxylase, and their calcium salts have been 
identified in stones. Loss of the cholesterol-sol-
ubilizing potency of bile due to the depletion of 
phosphatidylcholine and bile salts also leads to 
precipitation of cholesterol [37]. Central to the 
pathogenesis of brown pigment stones is the 
presence of bacterial cytoskeletons in the core, 
as demonstrated by scanning electron micros-
copy [61, 62]. The glycoprotein matrix of stones 
is derived both from synthetic bacterial prod-
ucts and from the mucin secreted by the biliary 
epithelium [37]. Brown pigment stones that 
develop from migrated cholesterol gallbladder 
stones are termed secondary choledocholithi-
asis. The cholesterol stone is the nidus, and the 
outer portion of the brown pigment stone grows 
by the same pathogenic mechanism involved in 
primary choledocholithiasis.

prerequisite for brown pigment stone formation 
is bacterial colonization (Fig. 3) of the bile duct, 
especially by Escherichia coli [36]. Formation 
of brown pigment stones is associated with peri-
ampullary diverticula, presumably because of 
the increased rate of bacterial colonization of the 
distal common bile duct, rather than metabolic 
alterations in bile composition [59]. Therefore, 
brown pigment stones can form in all parts of 
the biliary tree; they typically form in the bile 
duct, so-called primary choledocholithiasis.

Bacterial infection of bile alters its tenuous 
solubilization balance, leading to precipitation 
of intact and degraded biliary lipids. Bacterial 
β-glucuronidases cleave conjugated biliru-
bin to its insoluble unconjugated form, which 
precipitates as the calcium salt [60]. Bacterial 
A1 phospholipases hydrolyze phosphatidyl-
choline to form lysolecithin and fatty acids, 
which precipitate as calcium salts. Bile salts 

Fig. 3  Pathogenesis of brown pigment gallstones. 
Bacterial enzymes degrade biliary lipids and produce 
insoluble calcium salts of fatty acids and unconjugated 
bilirubin, typically in bile ducts. Degradation of biliary 

solubilizing agents, bile salts, and phosphatidylcho-
line exacerbates precipitation of these compounds and 
reduces cholesterol solubility (adapted from Ref. [37])
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subsequent studies of the natural history of 
gallbladder stones have revealed the risks asso-
ciated with asymptomatic gallstones [70]. In 
a 24-year follow-up of patients with asympto-
matic gallbladder stones, the cumulative risks 
of symptoms were 10% after 5 years, 15% 
after 10 years, and 18% after 15 years [70]. In 
an Italian study that followed 580 patients with 
asymptomatic gallbladder stones for 8.7 years, 
21.9% underwent cholecystectomy due to pain 
or complications [71]. In Denmark, 664 patients 
with asymptomatic gallbladder stones were fol-
lowed for 17.4 years; 19.6% developed symp-
toms or complications [72]. The incidence of 
symptoms in patients with asymptomatic gall-
bladder stones is 1–4% per year [36], and the 
overall frequency of symptoms is 10–25% [70, 
73–76]. The incidence of a serious complication 
as the first symptom in these patients is very low 
(0.1%) [77, 78].

Biliary colic is preceded by complications in 
patients with asymptomatic gallbladder stones. 
In 80% of patients with asymptomatic gallblad-
der stones, complications do not develop; biliary 
colic occurs as a prognostic symptom when com-
plications occur, such that observation is recom-
mended for patients with biliary colic [36, 69, 79]. 
Overall, asymptomatic gallbladder stones should 
be observed, and cholecystectomy should be per-
formed if biliary colic or complications occur.

Symptomatic Gallbladder Stone

Surgical Treatment

Cholecystectomy is the principle treatment 
in patients with gallbladder stones who have 
typical biliary colic or complications such as 
cholecystitis (Fig. 4) [36, 69, 79–82]. Open 
cholecystectomy was performed in the past, but 
laparoscopic cholecystectomy is now the typi-
cal surgical treatment method. Laparoscopic 
cholecystectomy has the advantages of smaller 
surgical wounds, less pain after surgery, and 
shorter hospitalization and recovery times, 
compared to open cholecystectomy [80]. 

Treatment

Biliary Colic

Treatment of gallbladder stones depends on 
the presence of symptoms. Abdominal pain 
caused by gallstones is known as biliary colic; 
in affected patients, gallstones temporarily 
block the gallbladder neck or gallbladder ducts, 
inducing rigid spasms and causing visceral pain. 
Biliary colic can occur with or without inflam-
mation. Biliary colic lasts for at least 30 min-
utes to several hours in the upper or right upper 
abdomen, and is typically of at least moderate 
intensity [63]. Pain often occurs at night, radiat-
ing to the back or right shoulder; it manifests at 
irregular intervals, from months to years [64]. In 
addition, biliary colic can cause symptoms after 
eating (especially fatty foods), but this symptom 
is not observed in all affected patients [65].

In patients with biliary colic, the recurrence 
rate of pain is 58–72% and the risk of compli-
cations is 1–2%, higher than in asymptomatic 
patients (0.1–0.2%) [66, 67]. Therefore, the 
standard indication for treatment of gallbladder 
stones is biliary colic. Indigestion, abdominal 
bloating, and burping are common complaints 
in patients with gallstones; however, the causal 
relationship of these complaints with gallstone 
formation is unclear, and they are not generally 
regarded as symptoms of gallstones. It is impor-
tant to evaluate the characteristics of abdominal 
pain and determine whether the pain is caused 
by gallstones, because gallstone-related pain is 
an indication for cholecystectomy. If a patient 
with gallstones complains of abdominal pain 
rather than biliary colic, cholecystectomy may 
not be required, and the pain may persist after 
surgery.

Asymptomatic Gallbladder Stone

In general, asymptomatic gallbladder stones 
can be monitored without treatment [36, 68, 
69]. Until the early 1980s, nearly all gallstones 
were presumed to cause symptoms; however, 
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to confirm the presence of typical biliary colic, 
those with difficult surgery, or those who refuse 
surgery. The non-surgical treatment of gallblad-
der stones includes litholysis by oral gallstone-dis-
solving agents or intra-gallbladder drug injection, 
pulverization by extracorporeal shock wave litho-
tripsy, and removal by transcutaneous gallbladder 
cholangioscopy. Because laparoscopic cholecys-
tectomy has become increasingly common in the 
past 20 years, the frequency of medical treatment 
has decreased. Other methods are rarely used 
because of the high cost and risk of complications.

Oral Litholytic Agents

Oral bile acid preparations are currently most 
commonly used for the treatment of gallstones; 
the preparations most frequently used are urso-
deoxycholic acid (UDCA) and chenodeoxy-
cholic acid (CDCA). CDCA was first used in 
1972 to dissolve radiolucent gallstones [88]; in 
1975, the hydrophilic UDCA was used to dis-
solve gallbladder gallstones [89]. Oral admin-
istration of bile acid preparations increases the 
capacity of bile acid reservoirs and inhibits the 
secretion of cholesterol into the bile, thereby 
reducing cholesterol saturation in the bile. 

Laparoscopic cholecystectomy has a 2–4% com-
plication rate and a 0.04–0.08% mortality rate 
[83, 84]. Mortality rates of 0.1–0.7% have been 
reported among patients undergoing small inci-
sion cholecystectomy [80], which is superior in 
 cost-effectiveness to both open cholecystectomy 
and laparoscopic cholecystectomy [81].

Advances in laparoscopic cholecystectomy 
and accumulation of surgical experience have 
led to reductions in complication rates, but pro-
phylactic cholecystectomy is not recommended 
[36, 79]. However, prophylactic cholecystec-
tomy can be considered if the risk of gallblad-
der cancer is high or if the risk of complications 
is expected to be high [79]. The risk factors for 
gallbladder cancer are as follows [85, 86]: large 
gallstones greater than 3 cm, gallbladder polyps 
greater than 1 cm, anomalous pancreaticobiliary 
ductal union, and porcelain gallbladder. The risk 
factors for complications of gallbladder stones 
are as follows [87]: transplantation, chronic 
hemolytic anemia, and common bile duct stone.

Medical Treatment

Medical treatment may be considered for patients 
with mild symptoms, those in whom it is difficult 

Fig. 4  Flowchart of the management of patients with gallstones (modified from Ref. [82])
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cystic duct must be open to allow bile acids to 
enter the gallbladder and gallbladder motility 
should be normal. This therapy is not an indica-
tion for severe or frequent recurrence of biliary 
colic, nor for complications such as acute chole-
cystitis or acute cholangitis. Therefore, before ini-
tiating oral bile acid replacement, the symptoms, 
type (component) of gallstones, size and number 
of gallstones, gallbladder function, and patency of 
the cystic duct should be considered.

Terpene

Terpenes are volatile unsaturated hydrocar-
bon organic compounds found in essential oils 
extracted from plants, such as conifers and citrus 
trees. These compounds dissolve other lipid com-
ponents and are used for dissolving gallstones. 
A mixture of cyclic monoterpenes (Rowachol®, 
Rowa Pharmaceuticals Ltd., Bantry, Ireland) is 
commercially available for medical treatment. 
Rowachol dissolves cholesterol gallstones by 
reducing cholesterol saturation in the bile [102]. In 
addition, it increases bile flow and reduces smooth-
muscle contraction to relieve biliary pain.

Other Experimental Drugs

A variety of drugs have been used to treat gall-
stones. In the animal study reported by Wang 
et al. [103], ezetimibe reduced cholesterol 
absorption in the intestines and lowered biliary 
cholesterol secretion, thereby preventing gall-
stone formation and conserving gallbladder 
motility. Ezetimibe was also reported to increase 
gallstone dissolution and reduce biliary choles-
terol saturation, thereby decreasing the forma-
tion of cholesterol crystals.

Epidemiological studies have investigated 
the therapeutic effect of omega-3 polyunsatu-
rated fatty acids on cholesterol gallstones. For 
instance, Eskimo populations have a diet rich 
in fish oil; they have a lower prevalence of cho-
lesterol gallstones than that of Western popula-
tions [104]. Polyunsaturated fatty acids prevent 
the formation of gallstones by increasing the 
levels of bile phospholipids and suppressing bile 
mucin production [105]. Combination treatment 

Cholesterol-unsaturated bile transfers choles-
terol from gallstones into micelles, allowing 
gallstones to dissolve in the gallbladder.

UDCA is a hydrophilic tertiary bile acid 
formed in the liver or by members of the 
Enterobacteriaceae family. UDCA can reduce 
cholesterol saturation in the bile by 40–60% 
through inhibition of cholesterol absorption in 
the intestine and inhibition of the secretion of 
cholesterol into the bile [78, 90]. UDCA is less 
hepatotoxic than CDCA, does not raise blood 
cholesterol, and causes diarrhea in less than 1% 
of patients [91]. In contrast, CDCA alone has 
side effects such as diarrhea, liver failure, and an 
elevated serum cholesterol level. CDCA alone is 
no longer recommended as a treatment for gall-
stones. CDCA and UDCA combination therapy 
is used to reduce CDCA complications and 
increase treatment effectiveness [92].

Oral bile acid supplement therapy is effec-
tive for treatment of radiopaque cholesterol gall-
stones with normal gallbladder function [69]. 
Gallstone dissolution effects can be assessed 
by imaging modalities (e.g., ultrasound, endo-
scopic ultrasound, and computed tomography) 
after 6–12 months. Computed tomography can 
be used for prediction of the dissolution effect; 
dissolution is expected to be optimal for gall-
stones with a signal of less than 60 Hounsfield 
units on computed tomography [93–95]. The 
dissolution rate of gallbladder stones is 24–38% 
in UDCA monotherapy, whereas that of UDCA 
and CDCA combinations is 52–62.8% for gall-
stones smaller than 15 mm [92, 96–98].

The limitations of oral bile acid supplement 
therapy include its long treatment duration, low 
success rate, and high recurrence rate. After suc-
cessful gallstone treatment, the recurrence rate 
of oral bile acid supplement therapy is 10% 
within 5 years [99]. For multiple gallstones, the 
recurrence rates are 30–50% within 5 years and 
50–70% within 12 years [79, 100, 101]. Oral bile 
acid preparations can dissolve only cholesterol 
gallstones; increased calcium content is associated 
with greater difficulty in achieving effective disso-
lution. In addition, the dissolution rate is highest 
for gallstones smaller than 5 mm; larger gallstones 
are associated with lower dissolution rates. The 
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supportive management is highly recommended; 
curative treatment is ideally administered after 
delivery. Pain control is required during preg-
nancy. True biliary pain should be distinguished 
from nonspecific abdominal discomfort in a 
pregnant woman presenting with abdominal 
pain. Laparoscopic or open cholecystectomy 
performed for true biliary pain is essential, but 
symptoms may persist when the procedure is 
performed in pregnant women with nonspecific 
dyspepsia and gallstones. Uncomplicated biliary 
pain can be managed with intravenous hydration 
and narcotic pain control. The use of analgesics 
has successfully ameliorated biliary symptoms 
in 64% of symptomatic pregnant women [113].

Laparoscopic or open cholecystectomy is 
generally reserved for pregnant women with 
recurrent or unrelenting biliary pain that is 
refractory to medical management, or for 
pregnant women with gallstone-related com-
plications [110]. Elective laparoscopic chol-
ecystectomy is relatively safe and is the first-line 
option; however, it is recommended after the 
second trimester to reduce the rates of sponta-
neous abortion and preterm labor [36, 69, 110, 
114]. If the condition of a pregnant woman with 
a complicated gallstone is too poor for surgery, 
percutaneous cholecystostomy with drainage 
may be considered [115, 116]. However, the 
long-term efficacy of these methods has not 
been proven by clinical trials; therefore, these 
approaches should be used only in pregnant 
women who require emergency therapy and are 
not good candidates for cholecystectomy.

Rapid Weight Loss

The risk of gallstone formation is higher during 
a period of acute weight loss [117]. The inci-
dence of gallstone formation ranges from 10 to 
38%, while the incidence of sequential chol-
ecystectomy due to gallstones ranges from 6.2 
to 14.7% after bariatric surgery [118]. Notably, 
10–25% of obese men and women develop gall-
stones within a few months of beginning a very 
low-calorie diet [27]. Rapid weight loss (more 
than 1.5 kg weekly), leads to the formation 

with polyunsaturated fatty acids and UDCA has 
been shown to dissolve cholesterol gallstones in 
mice by reducing mucin production and choles-
terol saturation, as well as increasing the levels 
of phospholipids and bile acids in bile [106]. 
Further studies of the therapeutic effects of com-
bination polyunsaturated fatty acids and UDCA 
treatment in patients with cholesterol gallstones 
are warranted.

Myriocin has been reported to reduce the 
serum and biliary ceramide concentrations and 
inhibit phosphorylation of p38, thereby reduc-
ing gallstone formation in C57BL/6 J mice; 
however, the mechanisms underlying this effect 
are not yet known [107]. Capsaicin and cur-
cumin, extracted from spices in singular or com-
bined forms, also lowered biliary cholesterol 
and increased phospholipid levels, thereby sup-
pressing biliary gallstone formation in mice by 
increasing the cholesterol: phospholipid ratio 
[108]. However, UDCA is currently the only 
widely accepted medical agent for the treatment 
of cholesterol gallstones.

Pregnancy

The hormonal changes that occur during preg-
nancy increase the risk of gallstone forma-
tion [109]. Biliary cholesterol concentrations 
in gallbladder bile increase gradually from 
the first to the third trimester of pregnancy, in 
accordance with a progressive increase in the 
incidence of biliary sludge (a precursor to gall-
stones) and gallstones; moreover, the incidences 
of biliary sludge and/or gallstones are 30% and 
12% during pregnancy and postpartum, respec-
tively [110, 111]. Although most pregnant 
women remain asymptomatic, 1–3% undergo 
cholecystectomy due to clinical symptoms or 
complications within the first year postpartum 
[14, 111, 112].

Expectant management is the general policy 
and litholysis is not indicated in asymptomatic 
pregnant women with gallbladder gallstones. 
However, in symptomatic pregnant women, 
there are several management methods for gall-
stones during pregnancy [79, 113]. If possible, 
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Acalculous Cholecystitis: 
Diagnosis and Treatment

Seung Woo Yi and Don Haeng Lee

Introduction

Acute acalculous cholecystitis (AAC) is an acute 
necroinflammatory condition of the gallbladder 
(GB) that occurs in the absence of cholelithi-
asis and is attributable to a multifactorial patho-
genesis. AAC accounts for approximately 10% 
(2–15%) of all cases of acute cholecystitis and 
is associated with high morbidity and mortality.

In this chapter, we review the pathophysiol-
ogy, epidemiology, clinical manifestations, diag-
nosis, and treatment of AAC.

Pathogenesis

To date, the pathogenesis of AAC remains 
unclear. This condition may result from bile 
stasis or GB ischemia; however, several fac-
tors have been implicated in its aetiopathogen-
esis. Bile stasis can occur secondary to fasting, 

obstruction, postoperative/procedural irritation, 
or ileus (associated with total parenteral nutri-
tion), which can lead to bile injection directly 
toxic to the GB epithelium. Ischemia of GB may 
occur at many risks associated with systemic 
inflammation and can have a direct detrimental 
effect on all layers of the GB wall [1, 2].

AAC is characterized by the following find-
ings: (1) increased leucocyte margination (corre-
sponding to ischemia and reperfusion injury), (2) 
increased focal lymphatic dilatation with inter-
stitial edema associated with local microvascular 
occlusion (ischemia-induced) and, (3) increased 
and deeper bile infiltration into the GB wall sug-
gesting bile stasis and increased epithelial perme-
ability with consequent epithelial damage.

These features corroborate the hypothesis 
that implicates bile stasis and ischemia as aeti-
opathogenetic contributors to AAC.

Previous studies have discussed microvascular 
involvement associated with bile stasis, hypoper-
fusion, and ischemia in patients with AAC. The 
usual trend observed is progression to hypoper-
fusion and ischemia (which could be associated 
with any cause, usually sepsis), and GB inflam-
mation, with consequent cholestasis and bacte-
rial invasion culminating in AAC. This natural 
progression of the pathological process explains 
the frequent complications such as gangrene, 
empyema, and perforation caused by local micro-
vascular occlusion, secondary infection, and a 
weakened GB wall, respectively [3, 4].
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significantly more common in patients with 
AAC than in those with ACC (15.9% vs. 6.7%). 
The incidence of chronic obstructive airway dis-
ease was higher in the AAC group (26% vs. 6%) 
in addition to a higher incidence of gangrenous 
cholecystitis (31.2 vs. 5.6%). Cerebrovascular 
accidents were significantly more frequent in 
patients with AAC than in those with ACC (15.9 
vs. 6.7%).

No statistically significant intergroup dif-
ference was observed in the overall operative 
outcomes, regardless of treatment modalities. 
However, the length of postoperative hospitali-
zation was higher in the AAC group (5 days vs. 
3 days). Moreover, the recurrence rate after non-
surgical treatment was significantly lower in the 
AAC group (2.7 vs. 23.2%) [5, 6].

Postoperative AAC is most commonly asso-
ciated with gastrointestinal surgery, particularly 
gastric and colorectal procedures. Following a 
review of the English literature, we identified 28 

However, this model does not explain the 
occurrence of AAC in an outpatient setting 
or AAC in the absence of known risk factors. 
Despite much research regarding this topic, the 
pathogenesis of AAC remains unclear.

Epidemiology

AAC most often occurs in critically ill patients 
and is particularly associated with trauma, sur-
gery, shock, burns, sepsis, total parenteral nutri-
tion, and/or prolonged fasting (Table 1).

A study compared the clinicopathological 
features and results of treatment in patients with 
AAC and acute calculous cholecystitis (ACC) 
and reported the following findings: Patients 
with AAC were older (69 years vs. 61 years) 
and were more likely to be febrile (46% vs. 
21%) and hypotensive (23% vs. 5%) at initial 
presentation. Cerebrovascular accidents were 

Table 1  Risk factors of acute acalculous cholecystitis

Relatively common risk factors

Sepsis

Bacterial Brucellosis, Q fever, Leptospirosis, 
Tuberculosis, Scrub typhus, Salmo-
nellosis, Cholera

Fungal Candida species

Parasite Cyclospora, Microsporidia, Plasmo-
dium falciparum, Plasmodium vivax, 
Schistosoma mansoni

Viral Cytomegalovirus, Epstein-Barr virus, 
Dengue virus, Hepatitis

Critical illness (Requiring ICU care)
Total parenteral nutrition

Shock

Recent general surgery

Trauma Injury severity score >12, and tachycardia >120 bpm

Burn

Relatively rare risk factors

Hypovolemia

Post-endoscopic retrograde cholangiopancreatography

Immunodeficiency Acquired immune deficiency syndrome, Transplant, Post-chemotherapy

Chronic illness Diabetes, Hypertension, Atherosclerotic disease, Chronic obstructive pulmo-
nary disease

Bile duct obstruction Ampullary tumor, Metastasis, Sphincter of Oddi dysfunction
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articles that report 76 cases of AAC after gastro-
intestinal operations; 52.4% of patients devel-
oped gangrenous AAC with a mortality rate of 
21.1% significantly higher than that associated 
with postoperative calculous cholecystitis [7].

Most patients showed known risk fac-
tors for AAC, including blood transfusion 
(56.6%), sepsis (52.2%), mechanical ventila-
tion (45.5%), prolonged fasting or total paren-
teral nutrition (44.4%), and narcotic medication 
use (10%). Studies have reported that AAC is 
a rare  life-threatening condition that may also 
occur and complicate recovery in patients with 
large thermal burns. The incidence of AAC in 
patients with burns ranges between 0.4 and 
3.5%, and it typically affects men (82.4%) with 
a mean age of 35 years. Notably, 97.8% of 
burns involved >30% of the total body surface 
area. Improvements in critical care rendered to 
patients with burns have improved the manage-
ment of known risk factors and reduced the inci-
dence of this condition over recent decades [8].

AAC is the most frequent form of acute 
cholecystitis observed in children. Most cases 
of AAC in children occur in critically ill or 
 post-surgical patients (similar to AAC in adults); 
however, most pediatric cases are associated 
with infectious diseases. In addition to bacte-
rial and parasitic infections, most recent stud-
ies report AAC in children with viral illnesses, 
particularly, Epstein–Barr and hepatitis A virus 
infections [9, 10].

Notably, a few reports describe AAC in chil-
dren with non-infectious disorders, such as 
immune-mediated conditions. Therefore, the 
medical management protocol for children with 
AAC significantly differs from that implemented 
in adults [11].

Diagnosis

Acute cholecystitis was diagnosed based on the 
Tokyo guidelines; diagnostic criteria included 
a combination of typical clinical symptoms 
(right upper quadrant pain/mass, tenderness, 
fever, positive Murphy’s sign, and leukocytosis 
or elevated serum C-reactive protein levels) and 

radiological findings consistent with acute chol-
ecystitis (an enlarged GB, thickened GB wall, 
or pericholecystic fluid collection observed on 
computed tomography [CT] or ultrasonography 
[US]) [12] (Table 2).

Compared with ACC, AAC is diagnostically 
challenging owing to the lack of specific clini-
cal findings such as symptom review, physical 
examination, and laboratory tests. Notably, sev-
eral confounding factors have been implicated in 
this condition; AAC usually occurs in critically 
ill patients in whom it is difficult to confirm the 
diagnosis during sedation, intubation, and/or 
an unconscious state in the intensive care unit. 
Furthermore, right upper quadrant pain, fever, 
leukocytosis, and abnormal liver function tests 
observed in these patients are not specific to AAC.

Although a combination of clinical factors 
may not conclusively establish the diagnosis, 
AAC should be suspected in all critically ill 
patients with no specific etiology to explain their 
condition.

The optimal diagnostic imaging modality for 
AAC remains controversial. Furthermore, the 
modality that should be used first in such cases 
is debatable. Most retrospective and prospec-
tive studies that have investigated this issue 
are small-scale studies, which limit the critical 
assessment of the role of radiological diagnosis. 
Radiological criteria for the diagnosis of AAC 
have been developed for the use of US, CT, and 
a hepatobiliary iminodiacetic acid scan (HIDA). 
Magnetic resonance imaging offers no benefit 
over other imaging modalities and is therefore 
not recommended.

Ultrasonography

Usually, US is the first-choice imaging modality 
for evaluation of suspected AAC owing to advan-
tages such as rapidity, repeatability, and portabil-
ity. The most studied diagnostic criteria for US 
are GB wall thickness, pericholecystic fluid or 
subserosal edema, intramural gas, coarse mucosa, 
sludge, and hydrops. The major and minor cri-
teria for US-based diagnosis of AAC are listed 
in Table 2. GB wall thickness (3.5–4 mm) is 



104 S. W. Yi and D. H. Lee

Ta
bl

e 
2 

 D
ia

gn
os

tic
 c

ri
te

ri
a 

by
 im

ag
in

g

R
C

: r
ad

io
nu

cl
id

e 
ch

ol
es

ci
nt

ig
ra

ph
y,

 M
C

: m
or

ph
in

e 
ch

ol
es

ci
nt

ig
ra

ph
y

M
od

al
ity

C
ri

te
ri

a
D

ia
gn

os
is

U
S

M
aj

or
3.

5–
4-

m
m

 (
or

 m
or

e)
-t

hi
ck

 w
al

l (
if

 a
t l

ea
st

 5
 c

m
 

di
st

en
de

d 
lo

ng
itu

di
na

lly
 w

ith
 n

o 
as

ci
te

s 
of

 h
yp

oa
lb

u-
m

in
em

ia
)

2 
m

aj
or

 o
r 

1 
m

aj
or

 a
nd

 2
 m

in
or

 (
m

os
t s

tu
di

es
 h

av
e 

fa
vo

re
d 

th
e 

di
ag

no
st

ic
 tr

ia
d—

w
al

l t
hi

ck
ne

ss
, s

lu
dg

e,
 

hy
dr

op
s)

Pe
ri

ch
ol

ec
ys

tic
 fl

ud
 (

ha
lo

)/
su

bs
er

os
al

 e
de

m
a

In
tr

am
ur

al
 g

as

Sl
ou

gh
ed

 m
uc

os
al

 m
em

br
an

e

M
in

or
E

ch
og

en
ic

 b
ile

 (
sl

ud
ge

)

H
yd

ro
ps

 =
 d

is
te

ns
io

n 
gr

ea
te

r 
th

an
 8

 c
m

 lo
ng

itu
di

-
na

lly
 o

r 
5 

cm
 tr

an
sv

er
se

ly
 (

w
ith

 c
le

ar
 fl

ui
d)

C
T

M
aj

or
3–

4-
m

m
 w

al
l t

hi
ck

ne
ss

2 
m

aj
or

 o
r 

1 
m

aj
or

 a
nd

 2
 m

in
or

Pe
ri

ch
ol

ec
ys

tic
 fl

ui
d

Su
bs

er
os

al
 e

de
m

a

In
tr

am
ur

al
 g

as

Sl
ou

gh
ed

 m
uc

os
a

M
in

or
H

yp
er

de
ns

e 
bi

le
 (

sl
ud

ge
)

Su
bj

ec
tiv

e 
di

st
en

si
on

 (
hy

dr
op

s)

H
ID

A
N

on
vi

su
al

iz
at

io
n 

of
 th

e 
ga

llb
la

dd
er

 1
 h

ou
r 

af
te

r 
an

 in
je

ct
io

n 
of

 r
ad

io
la

be
le

d 
te

ch
ne

tiu
m

 (
th

is
 is

 R
C

)
R

C
 a

lo
ne

 o
r 

R
C

 a
nd

 M
C

 h
av

e 
be

en
 u

se
d

N
on

vi
su

al
iz

at
io

n 
of

 th
e 

ga
llb

la
dd

er
 3

0 
m

in
ut

es
 a

ft
er

 in
je

ct
io

n 
of

 m
or

ph
in

e 
(a

ft
er

 in
iti

al
 r

ad
io

la
be

le
d 

te
ch

ne
-

tiu
m

) 
(t

hi
s 

is
 M

C
)



105Acalculous Cholecystitis: Diagnosis and Treatment

negative CT findings can rule out or at least sug-
gest acute cholecystitis. CT diagnostic criteria 
are similar to those applicable for US [15, 16].

HIDA Scan

Nuclear medicine hepatobiliary imaging (HIDA 
scan) is a time-proven imaging methodology 
that uses radioactive drugs and specialized cam-
eras for diagnostic imaging based on the body’s 
physiological processes. HIDA radiopharmaceu-
ticals are extracted by hepatocytes and cleared 
through the biliary system similar to bilirubin 
elimination.

The most common indication for HIDA 
imaging is acute cholecystitis, diagnosed 
by non-filling of the GB secondary to cystic 
duct obstruction. HIDA scanning can detect 
 high-grade biliary obstruction prior to ductal 
dilatation; images reveal a persistent hepato-
gram without biliary clearance owing to the high 
backpressure. HIDA imaging also aids in the 
diagnosis of partial biliary obstruction caused 
by stones, biliary stricture, and sphincter of Oddi 
obstruction and can also confirm biliary leakage 
post-cholecystectomy and hepatic transplanta-
tion. Calculation of the GB ejection fraction after 
cholecystokinin (CCK) infusion is commonly 
used to diagnose chronic acalculous GB disease. 
In patients who undergo a CCK-HIDA scan, 
the GB ejection fraction is measured following 
CCK-induced GB contraction. Nuclear medicine 
procedures are time-consuming. This test needs 
to be performed over several hours; therefore, it 
is only suitable for selected patients. A GB ejec-
tion fraction <35% indicates GB dysfunction and 
AAC. Studies have reported that HIDA imaging 
showed sensitivity and specificity of 67–100% 
and 58–88%, respectively [17, 18].

Treatment

The administration of intravenous antibiotics 
is the first-line treatment for AAC in a hospital 
setting. The Surgical Infection Society and the 
Infectious Diseases Society of America guide 

considered an important component of the diag-
nostic criteria for AAC. The most researched and 
cited criterion is the diagnostic triad of GB wall 
thickness, sludge, and hydrops. However, this 
triad is not absolute. A few studies have reported 
that some or all criteria comprising the triad may 
be present in a few patients in the intensive care 
unit who may not show AAC. This does not mean 
that US findings are not useful or that they do not 
suggest a diagnosis of AAC. The finding only 
shows that these results may be nonspecific and 
should therefore not be considered alone, with-
out correlation with patients’ clinical features and 
results of other imaging modalities.

A meta-analysis that compared various diag-
nostic imaging modalities for acute cholecystitis 
reported that US showed 81% sensitivity and 
83% specificity; the differences in sensitivity 
and specificity could be attributable to the fact 
that this meta-analysis included small-sized ret-
rospective studies that used diverse criteria to 
investigate the rarity and US-aided diagnosis of 
AAC [13, 14].

Computed Tomography

Typical CT findings in patients with AAC 
include GB distension, wall thickening, mucosal 
hyperenhancement, pericholecystic fat stranding 
or fluid collection, no gallstones, and reactive 
hyperemia surrounding the GB fossa within the 
liver parenchyma adjacent to the inflamed GB 
(CT rim sign). Many mixed cholesterol or pig-
ment stones show attenuation patterns similar 
to those of bile and are not clearly identifiable 
using standard CT kilovoltage settings; there-
fore, distinguishing these cases from gallstone 
cholecystitis is challenging.

Moreover, diffuse thickening of the GB wall 
is a nonspecific finding associated with a wide 
range of inflammatory conditions, such as 
hypoalbuminemia, ascites, chronic cholecys-
titis, hepatitis, and pancreatitis. The negative 
predictive value of CT is lower than that of US 
(approximately 89% vs. 97%). CT is most often 
used in patients with abdominal pain, which is 
not specific for acute cholecystitis. Therefore, 
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cholecystitis after PC range from 4 to 22%. 
Therefore, it is necessary to assess the risk of 
recurrent AAC to determine the need for interval 
cholecystectomy in patients who undergo initial 
PC [23].

A study that investigated the role of interval 
cholecystectomy after PC in patients with AAC 
reported the following findings: PC was success-
fully performed in all 271 patients at diagnosis. 
The overall PC-induced complication rate was 
2.2%, and the 30-day mortality rate was 8.4%. 
Notably, 46.8% of patients underwent interval 
cholecystectomy mostly during the index admis-
sion, early cholecystectomy during the index 
admission (111 patients), and interval cholecys-
tectomy (16 patients) at a mean of 294 days 
after PC. In the remaining 44.6% (121 patients) 
who underwent only PC, the percutaneous drain 
was removed successfully in 72.7% of patients 
following a successful trial of catheter clamping, 
and an indwelling catheter was maintained in 
the remaining patients. The recurrence rate after 
drain removal was only 2.3% [24].

Although interval cholecystectomy is useful 
to prevent recurrence after resolution of AAC, 
the recurrence-free survival rate was good in 
most patients who did not undergo interval chol-
ecystectomy. An increasing number of stud-
ies report that PC not only serves as a bridge 
for cholecystectomy but can also be considered 
definitive treatment for AAC, particularly in 
high-risk surgical patients [25, 26].

Although current guidelines discuss the 
role of PC in patients with AAC, these recom-
mendations are based on limited Level II evi-
dence. Based on the guidelines established by 
the American Gastrointestinal and Endoscopic 
Surgeon Association, PC is an effective tempo-
rary measure for critically ill patients with AAC. 
The Tokyo 2018 guidelines recommend PC at 
moderate acute cholecystitis in patients showing 
a significant GB inflammation. Moderate acute 
cholecystitis is usually characterized by ≥1 of 
the following findings: leukocytosis >18,000, 
a painful and noticeable upper right quadrant 
mass, symptoms lasting >72 hours, and local 
inflammation (defined as GB wall thickness of 
8 mm) [12].

whether antibiotic recommendations were a 
community or a hospital in 2010, but will focus 
on the therapies obtained in the hospital. The 
carbapenems and piperacillin/tazobactam con-
stitute first-line antimicrobial monotherapy 
in these patients. The duration of antibiotic 
administration depends on control of the infec-
tion source, and antibiotics can be discontinued 
4–5 days after the subsidence of infection. In 
patients in whom the source of infection cannot 
be controlled, the duration of antibiotic therapy 
should be based on the reduction in inflamma-
tory biomarker levels, elimination of fever, and 
clinical improvement. No previous research and 
definitive guidelines are available in this regard; 
therefore, clinicians should determine the dura-
tion of antibiotic therapy on a case-by-case basis 
[19, 20].

Currently, there is a lack of consensus regard-
ing cholecystectomy vs. percutaneous cholecys-
tostomy (PC) as the therapy of choice for AAC. 
Cholecystectomy is the mainstay of treatment 
for AAC, particularly in patients with suspected 
perforation or gangrene. Although cholecystec-
tomy is usually recommended for AAC, nonsur-
gical management may be feasible in patients 
who are deemed hemodynamically unstable to 
tolerate general anesthesia. PC is the recom-
mended treatment for critically ill patients who 
show further deterioration or are deemed unfit 
for surgery. PC in critically ill patients with 
acute cholecystitis was first reported by Radder 
in 1980. It was mainly used as a bridging pro-
cedure that was followed by interval chol-
ecystectomy after stabilization of the patient. 
Recently, several studies have reported the effi-
cacy and safety of PC to definitively treat acute 
cholecystitis; it is usually considered definitive 
treatment for selected patients with high postop-
erative mortality and significant comorbidities. 
However, whether subsequent cholecystectomy 
is warranted in these patients remains controver-
sial [21, 22].

PC used for definitive treatment of AAC 
reduces surgery-related mortality and other 
costs. Despite these advantages of PC, recurrent 
AAC cannot be avoided in all cases. Previous 
studies have shown that recurrence rates of 
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and explains the rapidity of disease progres-
sion and poor prognosis. Morbidity and mortal-
ity rates are higher in patients with AAC than in 
those with calculous cholecystitis. The mortal-
ity rate in critically ill patients with AAC is as 
high as 30%, although this rate can range from 
6.7% (if diagnosed at an early stage) to 90% (if 
diagnosed during the late stages of pathological 
disease progression). The disparity in mortality 
rates could be attributed to patients’ underlying 
condition, age, diagnostic delay, and therapeutic 
modalities used across different study popula-
tions [34, 35].

Therefore, early diagnosis and prompt 
treatment are essential to avoid a fulminant 
course and complications. In fact, necrosis, 
emphysema, and perforation are often reported 
in patients with AAC. This constitutes a high-
risk group of patients in whom intervention 
would not alter the disease course. These 
results suggest that AAC is not only an indica-
tor of a fatal condition but also a factor that 
affects mortality from severe systemic inflam-
matory reactions [36].

Conclusion

Early diagnosis and prompt treatment of AAC 
are essential to avoid a fulminant course and 
complications, such as GB gangrene or perfo-
ration associated with high mortality rates. This 
emphasizes the need for a high index of clinical 
suspicion among clinicians for early diagnosis 
postoperatively. This is because of the complex 
clinical setting in which AAC occurs, the lack 
of large prospective controlled trials evaluating 
the various diagnostic modalities for AAC, and 
the consequent dependence on a small database 
for clinical decision making. PC may be feasi-
ble in patients with AAC; it is associated with 
low mortality rates and reduces the need for 
future cholecystectomy. Moreover, the endo-
scopic approach using LAMS is useful for safe 
and effective transmural GB drainage in patients 
with AAC.

The optimal timing of PC catheter removal is 
controversial. Some authors prefer removal of the 
catheter during hospitalization after the resolu-
tion of sepsis; the mean duration reported in the 
literature is 4–6 weeks. In contrast, other studies 
have reported that PC tube drainage is continued 
over >2 weeks and is an independent risk factor 
associated with early relapse [27, 28]. Previous 
animal studies have shown that irritation of the 
GB mucosa could precipitate AAC [29].

Usually, PC drainage is maintained for at 
least 6 weeks, and the PC catheter is clamped 
for 1–2 weeks before the removal to reduce the 
risk of recurrence. The PC catheter needs to 
be maintained for a longer duration in patients 
with common bile duct stones, calculous chol-
ecystitis, and underlying malignant tumors, and 
patients’ symptoms and signs should be closely 
monitored after catheter removal [30, 31].

Endoscopic ultrasound-guided transmural 
GB drainage is an alternative to PC in patients 
with acute, high-risk, or advanced-stage chol-
ecystitis who are refractory to initial medical 
treatment and cannot undergo cholecystectomy. 
A variety of stents have been described, includ-
ing plastic stents, self-expandable metal stents, 
and  lumen-apposing metal stents (LAMS). 
LAMS represent the only specifically designed 
model for transmural GB drainage. LAMS 
placement is not associated with external drain-
age, and the technical and clinical success rates 
are nearly similar, which serve as advantages 
of this device. An appropriate stent selection is 
important, and research is warranted to develop 
next-generation dedicated devices to further 
improve the feasibility and safety of these stents. 
Comparative controlled studies are necessary to 
confirm these results with regard to long-term 
outcomes and cost-effectiveness of these devices 
[32, 33].

Prognosis

The high incidence of gangrene of the GB in 
patients with AAC implicates ischemia as an 
etiopathogenetic contributor to this condition 
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IgG4-Related 
Cholecystitis

Takahiro Nakazawa, Shuya Simizu, Katsuyuki  
Miyabe, and Itaru Naitoh

Introduction

IgG4-related disease (IgG4-RD) is a chronic, 
relapsing, multi-organ fibro-inflammatory syn-
drome of presumed autoimmune etiology. 
The typical presentation and imaging findings 
include mass-forming synchronous or metachro-
nous lesions; these can occur in almost any 
organ, including the retroperitoneum, kidneys, 
lungs, salivary glands, and lacrimal glands, but 
are seen most commonly in the pancreas and 
bile duct. IgG4-RD is characterized by increased 
serum levels of IgG4 and tissue infiltration by 
IgG4-positive plasma cells. Despite the relaps-
ing–remitting course of IgG4-RD, patients tend 
to have a good response to steroid therapy and 
an excellent prognosis [1, 2].

IgG4-related cholecystitis, whether occur-
ring as diffuse or localized disease, is a mani-
festation of IgG4-RD in the gallbladder. Diffuse 
IgG4-related cholecystitis is sometimes detected 
as diffuse thickness of the gallbladder wall 
in a patient being evaluated for autoimmune 

pancreatitis (AIP) or IgG4-related sclerosing 
cholangitis (IgG4-SC) [3, 4]. However, localized 
IgG4-related cholecystitis is difficult to diagnose 
because it must be distinguished from gallblad-
der cancer, which is often challenging [5].

In this study, we describe the characteristic 
features of diffuse and localized IgG4-related 
cholecystitis and present a challenging case as 
an example.

Diffuse IgG4-Related Cholecystitis

Frequency and Clinical 
Characteristics

The association of diffuse thickening of the gall-
bladder wall with AIP was reported by Abraham 
et al. [3]. They noted intense inflammatory infil-
tration of the gallbladder wall in 12 of 20 cases 
(60%) and transmural chronic cholecystitis in 7 
of 20 cases (35%). In addition, Kamisawa et al. 
[2] reported severe or moderate thickening of 
the gallbladder wall, observed on radiological 
examination, including ultrasound (US) and/or 
computed tomography (CT), in 10 of 19 patients 
(53%) with AIP. In the same study, among eight 
patients (75%) with AIP who were undergoing 
surgery, the histological examinations showed 
gallbladder wall thickening in six patients, includ-
ing four with fibrosis, IgG4-positive plasma cells, 
and transmural inflammation of lymphocytes.
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in the whole gallbladder (Fig. 1a). Endoscopic 
US (EUS) revealed thickening of the walls of 
the bile duct and gallbladder (4.5 and 6.5 mm, 
respectively; Fig. 1b, arrowhead, arrow). In 
both structures, the epithelium was preserved. 
Endoscopic retrograde pancreatography (ERP) 
showed diffuse narrowing of the main pancre-
atic duct (Fig. 1c), and endoscopic retrograde 
cholangiography revealed diffuse narrowing 
of the intrahepatic and lower common bile 
ducts (Fig. 1d). The diagnosis was diffuse 
 IgG4-related cholecystitis associated with AIP 
and type 2b IgG4-SC. Pancreatic enlargement, 
as well as the thickened bile duct and gallblad-
der walls, were dramatically reduced by steroid 
therapy.

Localized IgG4-Related Cholecystitis

Frequency and Clinical 
Characteristics

In most patients with IgG4-related cholecystitis, 
diffuse, circumferential thickening of the gall-
bladder wall is associated with IgG4-SC or AIP. 
Therefore, confirmation of the diagnosis is not 
difficult in typical cases of IgG4-related chol-
ecystitis. However, in patients with localized 
gallbladder lesions or inflammation, sometimes 
extending to the surrounding tissue in the gall-
bladder (mimicking the appearance of a malig-
nant tumor), exclusion of gallbladder cancer can 
be challenging.

Fifteen cases of IgG4-related cholecystitis 
that were difficult to differentiate from gall-
bladder cancer have been reported [5, 7–17] 
(Table 1). Eleven were eventually determined 
to be localized gallbladder lesions, including 9 
with fundus involvement, 2 with neck involve-
ment, and 3 with both fundus and body. Eight 
cases were associated with AIP and six with 
IgG4-SC. Thirteen of the respective patient 
underwent surgical resection. The patients 
in the other two cases were treated by ster-
oid administration. In 3 of 11 cases of local-
ized  IgG4-related cholecystitis, the serum IgG4 
level was low. No association of one of AIP or 

In a report of 43 patients with AIP and bil-
iary lesions [6], no gallbladder wall thicken-
ing or bile duct lesion was noted in 9 patients, 
whereas in 69% (9/13) and 19% (4/21) of the 
patients with extensive bile duct involvement 
and lower bile duct involvement, respectively, 
the only finding was gallbladder wall thicken-
ing. In the above-mentioned study of 19 patients 
with AIP [2], all patients with gallbladder wall 
thickening also had severe stenosis of the extra-
hepatic bile duct. Abraham et al. [3] concluded 
that mucosal inflammation of the gallbladder in 
AIP correlated significantly with the presence of 
inflammation in the extrapancreatic portion of 
the common bile duct.

Pathology

The above-cited study of Abraham et al. [3] also 
included the pathological findings of 20 gall-
bladders in patients with AIP. A high frequency 
of inflammation and lymphoid nodules was 
noted. According to their scoring system, the 
scores were similar to those for primary scleros-
ing cholangitis (PSC) and significantly higher 
than those for uncomplicated chronic cholelithi-
asis. However, the pattern of inflammation and 
cellular composition of the inflammatory infil-
trates were somewhat more varied than in PSC 
gallbladders. For example, the most common 
pattern of inflammation in patients with AIP was 
transmural (35%) rather than mucosal (25%), 
whereas 50% of PSC gallbladders were char-
acterized by mucosal-based infiltrates and only 
10% by transmural infiltrates. The scores for 
deep inflammation were higher in AIP than in 
control gallbladders, and the composition of the 
inflammatory infiltrates was more varied.

A Typical Case of Diffuse IgG4-Related 
Cholecystitis

A 56-year-old male patient was referred to our 
hospital for further examination of pancre-
atic enlargement. His serum IgG4 level was 
2,020 mg/dl. Abdominal CT showed diffuse 
pancreatic enlargement and diffuse thickness 
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Fig. 1  A typical case of diffuse IgG4-related cholecysti-
tis. a Abdominal CT showed diffuse pancreatic enlarge-
ment and diffuse thickness in the whole gall bladder. 
b EUS revealed thickening of the walls of the bile duct 

(4.5 mm, arrow head) and gall bladder (6.5 mm, arrow). 
c ERP showed diffuse narrowing of the main pancreatic 
duct. d ERC revealed diffuse narrowing of the intrahe-
patic and lower common bile ducts

Table 1  Summary of IgG4-related cholecystitis mimicking gallbladder cancer

Author Age Sex IgG4 
(md/dl)

Location Symptom IgG4-SC AIP Diagnosis Treat-
ment

1 Gumbs [5] 68 F NA Funds Abdominal pain NA + ope ope

2 Matsubayashi [7] 62 M 764 Diffuse Jaundice + + Imaging PSL

3 Kawakami [8] 55 M 455 Fundus NA + + ope ope

4 Lee [9] 59 M 75 Neck Abdominal pain + − Biospy PSL

5 Shin [10] 58 M NA Body, Fundus Abdominal pain − − ope ope

6 Feely [11] 61 F 17 Fundus Jaundice + − ope ope

7 Feely [11] 71 F NA Fundus Abdominal pain NA NA ope ope

8 Feely [11] 53 M NA Diffuse Abdominal pain NA NA ope ope

9 Inoue [12] 60 F 813 Fundus NA − + ope ope

10 Li [13] 61 M 175 Diffuse Jaundice + + ope ope

11 Takahashi [14] 18 M 40 Neck Jaundice − − ope ope

12 Yamaguchi [15] 50 M NA Body, Fundus Abdominal pain − − ope ope

13 Ishigami [16] 82 M 943 Diffuse NA − + ope ope

14 Ichinokawa [17] 56 M 721 Fundus No − + ope ope

15 Our case (2018) 67 M 231 Body, Fundus No + + ope ope
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adenomyomatosis [17], i.e., a yellow-white mass 
with multiple small cystic lesions [8, 12]. By 
contrast, the frequency of RA sinuses in diffuse 
IgG4-related cholecystitis is similar to that in 
chronic cholecystitis [3]. Xanthogranulomatous 
inflammation may also be observed [14].

A Typical Case of Localized IgG4-
Related Cholecystitis

A 67-year-old male was referred to our hospi-
tal for further examination of new gallbladder 
lesion during the course of prednisolone treat-
ment for IgG4-related cholangitis coexisting 
with AIP since 2 years ago. His serum IgG4 
level was 231 mg/dl. Abdominal CT showed 
pancreatic atrophy and localized thickness in the 
body of the gallbladder (Fig. 2a). On MRCP, a 

IgG4-SC could be determined in 7 of the 15 
cases, including 3 cases in which there was no 
association of both AIP and IgG4-SC. In that 
study, all patients with isolated IgG4-related 
cholecystitis were treated by surgical resection.

Pathology

Similar to diffuse IgG4-related cholecystitis, 
localized IgG4-related cholecystitis is charac-
terized by transmural lymphoplasmacytic infil-
tration, storiform fibrosis, obliterative phlebitis, 
and abundant IgG4-positive plasma cells.

Rokitansky–Aschoff (RA) sinuses of adeno-
myomatosis are also frequently observed in 
localized IgG4-related cholecystitis. The gross 
findings of the surgical specimen are typi-
cally a localized tumor similar in appearance to 

Fig. 2  A typical case of localized IgG4-related chol-
ecystitis. a Abdominal CT showed pancreatic atrophy 
and localized thickness in the body of the gall bladder. 
b EUS revealed localized thickness measuring 6.1 mm in 
the body and fundus of gall bladder with smooth surface 

(arrow). c Analysis of the surgical specimen resulted 
in a white mass with normal epithelium of gall bladder 
wall (arrow). d Diffuse lymphoplasmacytic infiltration 
with affluent IgG4-positive plasma cells in the gall blad-
der was observed
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Analysis of the surgical specimen resulted in a 
white mass with normal epithelium of gallblad-
der wall (Fig. 2c arrow) and diffuse lymphoplas-
macytic infiltration with affluent IgG4-positive 
plasma cells in the gallbladder (Fig. 2d).

A Case of Gallbladder Cancer 
Resembling Localized IgG4-Related 
Cholecystitis Associated with AIP

In the following, we report a case of gallbladder 
cancer similar to localized IgG4-related cholecysti-
tis. The presence of AIP complicated the diagnosis.

diffuse dilatation of common bile duct with-
out main pancreatic duct dilatation or stricture 
was observed, while EUS revealed localized 
thickness measuring 6.1 mm in the body and 
fundus of gallbladder with a smooth surface 
(Fig. 2b arrow). The localized mass maintained 
the normal epithelium of the gallbladder wall 
(Fig. 2b). Although the diagnosis was localized 
IgG4-related cholecystitis associated with AIP, 
the new appearance of gallbladder cancer could 
not be ruled out. The gallbladder was surgically 
resected because a restudy of the EUS images 
showed an irregularity of the localized mass. 

(a) (b)

(d)(c)

Fig. 3  A case of gall bladder cancer resembling local-
ized IgG4-related cholecystitis associated with AIP. 
a Abdominal CT showed pancreatic enlargement 
and localized thickness in the body of the gall blad-
der (arrow). b EUS revealed a localized thickness in 

the body of the gall bladder (arrow). c A restudy of the 
EUS images showed an irregularity of the mass (arrow). 
d Analysis of the surgical specimen resulted in a diagno-
sis of moderately differentiated tubular adenocarcinoma 
of the gallbladder
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A 75-year-old female was referred to our 
hospital for further examination of pancreatic 
enlargement. Her serum IgG4 level was 369 mg/
dl. Abdominal CT showed pancreatic enlarge-
ment and localized thickness in the body of the 
gallbladder (Fig. 3a). On ERP, a diffuse narrow-
ing of the main pancreatic duct was observed 
while EUS revealed a localized thickness in the 
body of the gallbladder (Fig. 3b). The localized 
mass maintained the normal epithelium of the 
gallbladder wall and featured RA sinuses mim-
icking adenomyomatosis (Fig. 3b). The diag-
nosis was localized IgG4-related cholecystitis 
associated with AIP. The patient was treated 
with steroids, which dramatically reduced the 
pancreatic enlargement. However, there was no 
change in the size of the localized mass in the 
gallbladder. The gallbladder was surgically 
resected because a restudy of the EUS images 
showed an irregularity of the mass (Fig. 3c). 
Analysis of the surgical specimen resulted in a 
diagnosis of moderately differentiated tubular 
adenocarcinoma of the gallbladder (Fig. 3d).

Conclusion

The characteristic findings of both diffuse and 
localized forms of IgG4-related cholecystitis 
have been described. Localized IgG4-related 
cholecystitis is difficult to diagnose; it must be 
distinguished from gallbladder cancer, which is 
still challenging.
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Gallbladder 
Lesions in Patients 
with Pancreaticobiliary 
Maljunction

Kensuke Yoshimoto, Terumi Kamisawa,  
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Introduction

Pancreaticobiliary maljunction (PBM) is a con-
genital malformation in which the anatomical 
junction of the pancreatic and bile ducts occurs 
outside the duodenal wall. The diagnosis of 
PBM is made when direct cholangiography 
including endoscopic retrograde cholangiopan-
creatography (ERCP), or magnetic resonance 
cholangiopancreatography (MRCP), shows that 
the common channel is abnormally long and/
or the pancreatic and bile ducts join abnor-
mally. PBM has been classified into two types: 
PBM with biliary dilatation (congenital biliary 
dilatation) and PBM without biliary dilatation 
(Fig. 11.1) [1–3].

The sphincter of Oddi, which regulates the 
outflow of bile and pancreatic juice, is usu-
ally at the distal end of the pancreatic and bile 
ducts. However, in PBM, because of the exces-
sive length of the common channel, the pan-
creaticobiliary junction is not directly affected 

by the sphincter. This then results in pancreatic 
juice and bile reflux, which can cause a variety 
of pathological biliary tract and pancreatic con-
ditions [1, 3, 4].

Pathophysiology of the Biliary Tract 
in PBM

As noted above, the excessive length of the 
common channel in PBM causes the pancreati-
cobiliary junction to be unaffected by the action 
of the sphincter of Oddi. Since pancreatic duct 
hydropressure is normally higher than bile 
duct hydropressure, there is a frequent reflux 
of pancreatic juice into the biliary tract (pan-
creatobiliary reflux) in PBM. Persistent refluxed 
pancreatic juice damages the biliary tract epithe-
lium, which promotes cancer development; thus, 
patients with PBM have higher rates of biliary 
tract cancers. On the other hand, there are also 
cases of bile reflux into the pancreatic duct (bili-
opancreatic reflux), which can cause pancreatitis 
(Fig. 11.2) [1, 3–6].

Pathological Findings in the 
Gallbladder of PBM Patients

On histopathological examination of the gall-
bladder in PBM, inflammation, hyperplasia, 
metaplasia, and dysplasia caused by stasis of 

© Springer Nature Singapore Pte Ltd. 2020 
J. B. Chung and K. Okazaki (eds.), Diseases of the Gallbladder,  
https://doi.org/10.1007/978-981-15-6010-1_11

K. Yoshimoto · T. Kamisawa (*) · M. Kikuyama 
Department of Internal Medicine, Tokyo 
Metropolitan Komagome Hospital, 3-18-22 
Honkomagome, Bunkyo-Ku, Tokyo 113-8677, Japan
e-mail: kamisawa@cick.jp

K. Yoshimoto · Y. Igarashi 
Division of Gastroenterology and Hepatology, Omori 
Medical Center, Toho University School of Medicine, 
Tokyo, Japan

https://doi.org/10.1007/978-981-15-6010-1_11
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6010-1_11&domain=pdf


118 K. Yoshimoto et al.

was significantly higher in PBM (6.3 mm) than 
in controls (3.2 mm, p < 0.01), and epithelial 
hyperplasia of the gallbladder was significantly 
more frequent in PBM (73%) than in controls 

bile mixed with refluxed pancreatic juice can 
be seen. The characteristic finding is a hyper-
plastic change of the epithelium (Fig. 11.3) 
[5–14]. In our series, the gallbladder mucosa 

Fig. 11.1  Endoscopic cholangiopancreatogram of pancreaticobiliary maljunction without biliary dilatation associ-
ated with hyperplasia of gallbladder epithelium. Arrow: long common channel

Fig. 11.2  Pathophysiology pf pancreaticobiliary maljunction (referred from Refs. [1, 6])
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(0%, p < 0.01). In addition, the gallbladder epi-
thelium of PBM patients showed a significantly 
higher Ki-67 labeling index, which is a marker 
of cell proliferative activity, than that of con-
trols (8.1% vs. 1.4%, p < 0.01) [4, 8, 9]. It has 
also been reported that the gallbladder epithe-
lium showed the hyperplastic change in 39% 
[10]–91% [11] of PBM patients. Tokiwa et al. 
found gallbladder epithelial hyperplasia in 50% 
of 28 pediatric PBM patients [12]. In addition, 
there was a report of a hyperplastic polyp of the 
gallbladder in a 9-year-old girl with PBM [13], 
but  high-grade hyperplasia has been reported to 
increase with age, and dysplasia or metaplasia 
of the gallbladder epithelium is rare in infancy, 
only being detected in adolescence and later 
[11, 14]. The mucosa around gallbladder can-
cer often shows dysplasia. Though hyperplas-
tic epithelium can be seen at birth or from the 
early stages of infancy, dysplasia or metaplasia 
appears later. Given these findings, the carcino-
genetic process in PBM appears to follow a 
sequence of hyperplasia–dysplasia–carcinoma 
[14, 15].

On imaging studies, hyperplastic change of 
the gallbladder epithelium presents as gallblad-
der wall thickening. In order to identify PBM 
without biliary dilatation early, PBM should 
be suspected in patients who show gallbladder 
wall thickening on screening ultrasound (US) 
(Fig. 11.4) and MRCP should be performed [16].

Biliary Tract Carcinogenesis in PBM

The carcinogenetic mechanism in PBM appears 
to involve the persistent refluxed pancreatic 
juice in the biliary tract. With an increased 
intraductal pressure of the common bile duct or 
bacterial infection, the refluxed proteolytic pan-
creatic enzymes and phospholipase A2 are eas-
ily activated in the biliary tract. Phospholipase 
A2 converts lecithin within the bile to lysoleci-
thin, which causes extensive damage to the cell 
membrane [17]. Furthermore, secondary bile 
acids, especially taurodeoxycholic acid, have 
been found to be increased in the bile of PBM 
patients [18], and mutagenic substances that 

Fig. 11.3  Hyperplastic change of the epithelium in the gallbladder of a PBM patient (H&E staining)
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reported K-ras mutation in 64% of gallblad-
der hyperplasia, 28% of metaplasia, and 17% 
of metaplasia cases in PBM patients [23]. In 
our series, 36% of PBM patients showed K-ras 
mutation in noncancerous gallbladder epithe-
lium [4, 8]. Because the noncancerous epithe-
lium and the epithelium of hyperplasia of the 
gallbladder show K-ras mutation, there appears 
to be a genetically precancerous state that repre-
sents an early event in multistep carcinogenesis 
in PBM patients.

Thus, in PBM patients, activated pancreatic 
enzymes, increased secondary bile acids, or 
other mutagens persistently attack biliary tract 
epithelial cells, resulting in hyperplastic change 
with an increase in cell proliferative activ-
ity. Then, oncogenes and/or tumor suppressor 

damage DNA has been detected clinically in the 
bile of PBM patients as well as in experimental 
animal models [19, 20]. In the presence of such 
harmful substances, there is an acceleration 
of the cell cycle, various additional epithelial 
changes occur, and DNA is damaged.

There are frequent point mutations of K-ras 
oncogene in gallbladder and bile duct cancers. 
However, the noncancerous epithelium of the 
gallbladder and bile duct also shows K-ras muta-
tion in PBM patients, as reported by Matsubara 
et al., who found K-ras mutation in the gallblad-
der and bile duct epithelium of PBM patients 
without biliary carcinoma in 33% and 40%, 
respectively [21], and Iwase et al., who found 
K-ras mutation in 36% of hyperplastic gallblad-
der lesions in PBM patients [22]. Aoki et al. 

Fig. 11.4  Ultrasound showing thickening of the gallbladder wall in a PBM patient with the hyperplastic change of 
the gallbladder epithelium
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in those without congenital biliary dilatation, 
3.1% had bile duct cancer and 37.4% had gall-
bladder cancer. Only one pediatric patient with 
congenital biliary dilatation had an associated 
biliary cancer. The mean age when biliary can-
cer developed in PBM patients was 60.1 years 
for gallbladder cancer and 52.0 years for bile 
duct cancer in those with congenital biliary dila-
tation, and it was 58.6 years for gallbladder can-
cer in PBM patients without congenital biliary 
dilatation. Biliary cancers develop 15–20 years 
earlier in PBM patients than in those without 
PBM [26].

In our series of 129 PBM patients, 8 (11%) 
and 15 (21%) of 73 patients with congenital bil-
iary dilatation had bile duct cancer and gallblad-
der cancer, respectively, compared to 2 (4%) and 
43 (77%) of 56 patients with PBM without bil-
iary dilatation. Metachronous (n = 1) and simul-
taneous (n = 2) multiple biliary cancers were 
included. It has been reported that concurrent 
PBM was seen in 19 (51%) of 37 patients with 
simultaneous double or multiple biliary cancers 
[27–31]. Among our 43 PBM patients without 
biliary dilatation who developed gallbladder 
cancer, gallstones were found in only 9%, sig-
nificantly less than the 62% in patients without 
PBM who develop gallbladder cancer [32].

genes in the epithelia mutate, leading to biliary 
tract cancer. Therefore, the biliary tract carcino-
genesis in PBM patients appears to involve the 
hyperplasia–dysplasia–carcinoma sequence 
that occurs as a result of the chronic inflamma-
tion that pancreatic juice reflux into the biliary 
tract causes and this mechanism differs from the 
adenoma–carcinoma sequence or the de novo 
carcinogenesis of biliary tract cancers in persons 
without PBM (Fig. 11.5) [1, 6, 24].

Clinical Features of Biliary Cancer 
in PBM Patients

According to a nationwide survey in Japan 
(n = 2561) [25], 21.6% of adult patients with 
congenital biliary dilatation and 42.4% of PBM 
patients without biliary dilatation were found 
to have biliary cancer. In adult PBM patients 
with biliary cancers, 32.1% had bile duct cancer 
and 62.3% had gallbladder cancer among those 
with congenital biliary dilatation, whereas 7.3% 
had bile duct cancer and 88.1% had gallbladder 
cancer among those without biliary dilatation. 
In other words, in adult patients with congeni-
tal biliary dilatation, 6.9% had bile duct cancer 
and 13.4% had gallbladder cancer, whereas, 

Fig. 11.5  Mechanism of biliary carcinogenesis in pancreaticobiliary maljunction (referred from Ref. [6])
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Conclusions

In PBM, the hyperplasia–dysplasia–carcinoma 
sequence triggered by the chronic inflammation 
caused by pancreatic juice reflux is thought to 
be involved in the development of biliary tract 
cancer. Gallbladder wall thickening is the imag-
ing manifestation of hyperplastic change of the 
gallbladder epithelium. To detect PBM without 
biliary dilatation early, patients found to have 
gallbladder wall thickening on screening US, 
which is suspicious of PBM, should undergo 
MRCP.
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Dyskinesia of the 
Gallbladder

Seong Ji Choi and Chang Duck Kim

Introduction

In 1923, gallbladder dyskinesia was first 
described by Westphal as an autonomic nerv-
ous system dysfunction of the gallbladder [1]. 
Afterward, it has been described by different 
nomenclatures in the literature, including func-
tional gallbladder disorder, chronic acalculous 
gallbladder dysfunction, chronic acalculous 
cholecystitis, biliary dysmotility, gallbladder 
spasm, and cystic duct syndrome [2]. Biliary 
dyskinesia is a functional gastrointestinal dis-
order that affects the gallbladder and sphinc-
ter of Oddi, called gallbladder dyskinesia and 
sphincter of Oddi dysfunction, respectively. 
Gallbladder dyskinesia is a motility disorder of 
the gallbladder characterized by biliary-type 
abdominal pain (biliary colic) and structurally 
normal gallbladder. True biliary colic consists 
of episodic, moderate to a severe, steady, right 
upper quadrant or epigastric pain, lasting for at 
least 30 minutes, plateauing in less than an hour, 
and subsiding in less than 6 hours; however, 

the pain is paradoxically not colicky but con-
stant. The pain often radiates to the back and 
right infrascapular areas in combination with 
other symptoms, such as nausea, vomiting, and 
diaphoresis, and is typically worse postprandi-
ally, 1–2 hours after digestion of a fatty meal. 
One study suggested that biliary colic has a cir-
cadian rhythm, reporting that 38 of 50 patients 
(76%) had a 24-hour cycle of pain, with its peak 
at midnight, tending to occur at the same time 
of day [3]. Gallbladder dyskinesia is relatively 
rare, but its clinical manifestations are not easily 
distinguishable from those of  high-prevalence 
diseases that can cause biliary pain, such as 
functional dyspepsia, gastroesophageal reflux 
disease, peptic ulcer disease, cholecystitis, and 
pancreatitis; the possibility of these diseases 
should be carefully reviewed before making a 
diagnosis. Therefore, understanding the nature 
of the disease is essential for both diagnosis and 
treatment.

Epidemiology

Dyskinesia of the gallbladder is a rare disease 
compared to other diseases of the gallblad-
der and functional gastrointestinal disorders. 
The true prevalence of gallbladder dyskinesia 
is unknown, but it has been estimated in a few 
studies based on the number of patients with 
biliary colic combined with normal gallbladder 
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metabolic disorder and the other as a neurohor-
monal disorder. Mechanical/metabolic causes of 
gallbladder dyskinesia are due to crystal forma-
tion in the bile or the gallbladder wall, result-
ing from many different proposed mechanisms, 
such as cholesterolosis, microlithiasis, biliary 
sludge, chronic cholecystitis, gallbladder dys-
motility, uncoordinated contraction between the 
gallbladder and cystic duct, and non-occluding 
cystic duct narrowing. The crystals may have 
formed at different stages of these mechanisms 
[13–16]. Moreover, crystals may eventually 
develop into organic abnormalities, such as gall-
stones or cholecystitis, may increase gallblad-
der pressure and cause biliary colic at any point 
during these processes [17]. However, not all 
patients with biliary colic that was relieved after 
cholecystectomy had histologic changes in their 
removed gallbladders; changes were observable 
in 44–100% of gallbladders, and those changes 
may or may not have been the cause or the out-
come of poor gallbladder motility [18–20].

Neurohormonal causes of gallbladder dys-
kinesia include abnormalities in neuronal 
or hormonal regulation of the gallbladder. 
Stimulations of the vagus and celiac plexus 
affect the contraction and relaxation of the 
gallbladder, respectively, and any disruption 
in this stimulation results in abnormal gall-
bladder function [21]. Cholecystokinin (CCK) 
is a hormone widely accepted to be associ-
ated with biliary colic, through its abnormal 
release, decreased sensitivity of the gallbladder 
to CCK, or increased sensitivity of the cystic 
duct receptor to CCK [22]. One of the causes 
included in the neurohormonal etiology is vis-
ceral hypersensitivity or visceral neuropathy, 
a multifactorial entity that is well described 
in irritable bowel syndrome [23, 24]. Visceral 
hypersensitivity is an exaggerated response 
to normal or even stopped irritation after pro-
longed stimuli have altered and sensitized the 
nociceptor and brain–gut axis. Gallbladder dys-
kinesia is often associated with irritable bowel 
syndrome, delayed gastric emptying, gastric 
paresis, and chronic constipation, suggesting 
that these alterations may result from abnormal 
neurohormonal signaling pathways and pointing 

structure. Large population-based studies in the 
late 1980s showed that 7.6% of men and 20.7% 
of women, or overall 2.4% of adults complained 
of biliary colic in 5 years without gallstones in 
abdominal ultrasound imaging [4–6]. A popula-
tion study carried out from 2005 to 2013 esti-
mated a rate of 3.3% of gallbladder dyskinesia 
and 63.7% of biliary colic among patients who 
underwent cholecystectomy, and other studies 
estimated the rates of gallbladder dyskinesia 
between 26 and 38% in adults and 13 and 63% 
in children who underwent cholecystectomy 
[7–9]. A recent cross-sectional, general popula-
tion study reported 10 patients with functional 
gallbladder disorder among 5931 adults, com-
prising 0.2% of the adult population, while 2083 
controls (35.1%) complained of functional gas-
trointestinal disorders [10]. Incidence trends 
have differed between studies, with an incidence 
reported from stable to increasing, and may be 
affected by the development and adoption of dif-
ferent diagnostic tools over the reporting periods 
[7, 11]. Because of diagnostic uncertainty, shift-
ing of operation indication and other aforemen-
tioned factors that might influence the diagnosis, 
one study reported that the incidence of gall-
bladder dyskinesia in the United States was 85 
cases per million, doubling from 1991 to 2001 
and was two times higher than those of other 
countries [12]. Overall, due to its diagnostic 
uncertainty, the prevalence of the disease is not 
certain and varies between studies.

Pathophysiology

Gallbladder stores the bile produced in the liver 
and secrets the concentrated bile juice into the 
duodenum in response to certain signals. The 
complex mechanisms underlying gallbladder 
function are well studied, but the etiology of 
gallbladder dyskinesia, which may be the out-
come of combinations of dysfunctions in these 
mechanisms, is poorly understood.

There are several hypotheses proposed to 
illuminate the etiology of gallbladder dyskine-
sia, which can be divided into two broad catego-
ries: one considers dyskinesia as a mechanical/
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to possible panenteric motility disorder [25]. 
Even slight changes in any of these factors can 
induce biliary pain and be a cause of gallbladder 
dyskinesia.

Diagnosis

The diagnosis of gallbladder dyskinesia is a 
diagnosis of exclusion in patients with typical 
biliary pain. More common diseases with biliary 
pain should be focused and thoroughly investi-
gated and excluded before making a diagnosis 
of gallbladder dyskinesia. Symptom-based cri-
teria called the Rome criteria have been devel-
oped over many years to assist and standardize 
the clinical diagnosis of gallbladder dyskinesia. 
The Rome II criteria identified gallbladder dys-
function as an episode of severe steady epigas-
tric and right upper quadrant pain of minimum 
30 minutes duration, one or more pain episodes 
within the previous 12 months, and abnormal 
gallbladder function [26]. The Rome III cri-
teria specified gallbladder dyskinesia more 
accurately and more concretely, and abnormal 
gallbladder function became a supportive but 
not required criterion for diagnosis [27]. The 
Rome IV criteria introduced diagnostic criteria 
for biliary pain (Table 1) and proposed diag-
nostic criteria for gallbladder dyskinesia, which 
include the described biliary pain (Table 2) [28]. 
Compared to the Rome III criteria, there was a 
minor change in the proposed criteria, quantitat-
ing “not significantly” to mean less than 20% 
(Table 1). Thorough physical examination and 

history taking, including the nature of the pain 
and its aggravating and relieving factors, such 
as food intake, should be performed in patients 
with suspected biliary pain to identify those who 
fulfill the criteria and require further investiga-
tion. Once the patients meet the criteria, they are 
to undergo several diagnostic studies to evalu-
ate whether they meet the criteria for gallblad-
der dyskinesia. Figure 1 shows the algorithm 
for the diagnosis and treatment of gallbladder 
dyskinesia. The following are different diagnos-
tic modalities that can be used in the diagnostic 
process.

Laboratory Tests

Blood tests, including testing of liver biochemis-
try and levels of pancreatic enzymes, should be 
performed to identify possible structural abnor-
malities in the liver, biliary system, and pan-
creas that might cause biliary pain. These results 
should be normal in order to diagnose gallblad-
der dyskinesia; if any of these results are abnor-
mal, other diagnoses should be considered.

Table 1  Rome IV diagnostic criteria for biliary pain [28]

Pain located in the epigastrium and/or right upper quadrant and all of the following:
1. Builds up to a steady level lasting 30 minutes or longer
2. Recurrent symptoms at different intervals (not daily)
3. Severe enough to interrupt daily activities or lead to an emergency department visit
4. Not significantly (<20%) related to bowel movements
5. Not significantly (<20%) relieved by postural change or acid suppression
Supportive criteria

The pain may be presented with
1. Nausea and vomiting
2. Radiation to the back and/or right infra-subscapular region
3. Waking during the sleep

Table 2  Rome IV diagnostic criteria for gallbladder 
dyskinesia [28]

1. Biliary pain
2. No structural gallbladder abnormality
Supportive criteria

The pain may be presented with
1. Low ejection fraction of gallbladder on scintigraphy
2. Normal liver enzymes, conjugated bilirubin, and 
amylase/lipase
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study can be repeated or endoscopic ultrasound 
(EUS) can be performed, which has shown better 
results in detecting gallbladder microlithiasis and 
can also screen for possible pancreatic lesions, 
such as chronic pancreatitis and tumors [31].

Endoscopy

The use of esophagogastroduodenoscopy is con-
troversial, but can be a useful tool to rule out 
peptic ulcer disease and other structural abnor-
malities in the esophagus, stomach, and duode-
num that could cause abdominal pain.

Ultrasound

To evaluate potential structural abnormalities 
in the gallbladder, transabdominal ultrasound 
(TA-US) is recommended to rule out gallstones 
or gallbladder sludge. Even though there is 
inter-observer variability, TA-US remains the 
gold standard for detecting gallstones larger 
than 2 mm, with a sensitivity of > 95% [29]. 
Gallstones can be easily detected by TA-US 
due to features such as echogenic focus, acous-
tic shadow, and gravitation dependence [30]. If 
gallstones or gallbladder sludge are suspected 
clinically but are not visualized in TA-US, the 

Fig. 1  Suggested algorithm for the diagnosis and treatment of gallbladder dyskinesia
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into the biliary tract, where they concentrate 
in the gallbladder. After either CCK admin-
istration or ingestion of fat-containing food, 
gallbladder emptying is stimulated and a net 
activity–time curve for the gallbladder can be 
calculated. Using a fatty meal for the stimulation 
of gallbladder contraction might be more physi-
ologic and economical than using CCK, but the 
response to it may be variable and normal values 
have not been established in a protocol. Since 
there were wide variations in the methodolo-
gies of CCK-CS, an interdisciplinary panel rec-
ommended a protocol in 2011 [33]. The patient 
should be optimally prepared, with adequate 
fasting for at least 4 hours and adjustment of 
medications before the procedure, and intrave-
nously injected HIDA radiotracer should fill the 
gallbladder within 60 minutes before sincalide 
infusion. A camera is placed in the left anterior 
oblique projection for adequate visualization of 
the gallbladder, duodenum, and small bowel, 
and 0.02 μg/kg of sincalide mixed with saline 
for a total 30–50 mL should be infused continu-
ously for 60 minutes. At 60 minutes, GBEF is 
calculated as follows:

Since studies with short CCK infusion duration 
resulted in varying GBEF values by stimulating 
CCK receptors in the cystic duct, infusion dura-
tion should be applied according to the protocol 
for reducing the variation of GBEF [22]. Cutoff 
values for abnormal GBEF vary from 35 to 50% 
and a value of 40% is the most widely accepted 
[34]. Figure 2 shows the examples of CCK-CS.

A low GBEF is not specific to or required 
for the diagnosis of gallbladder dyskinesia, but 
supports the diagnosis. The GBEF results val-
ues can change after a retest, and a low GBEF 
may also be observed in about 20% of healthy 
individuals or in patients with obesity, suffering 
from rapid weight loss, in a fasting state, with 
diabetes, celiac disease, steatohepatitis, liver 
cirrhosis, VIPoma, spinal cord injury, or irrita-
ble bowel syndrome, or having undergone prior 
foregut surgery [8, 35]. Medications, including 

GBEF (%) =
maximum counts−minimum counts

maximum counts

Microscopic Examination

Microscopic examination of gallbladder bile 
for microcrystal disease can also be performed 
to exclude microlithiasis and evaluate bile 
composition. Gallbladder bile can be collected 
directly during endoscopic retrograde chol-
angiopancreatography or from the duodenum 
following intravenous cholecystokinin (CCK) 
stimulation, and microscopic examination of the 
collected bile after immediate centrifugation can 
detect microlithiasis and cholesterol crystals. 
Cholesterol microcrystals are highly birefrin-
gent, with rhomboid shape under polarized light, 
and their presence strongly suggests micro-
lithiasis. Calcium bilirubinate can be observed 
in the form of dark red-brown granules under 
light microscopy. However, the sensitivity and 
specificity of microscopic examination of duo-
denal bile are 67% and 91%, respectively, and 
the examination has not been widely accepted 
because of poor specificity and other technical 
issues [20, 31].

Assessment of Gallbladder Emptying

The quantity of gallbladder emptying can be 
measured as the gallbladder ejection fraction 
(GBEF), which is a percentage change calcu-
lated after a cholecystokinetic stimulus. The 
most prevalent method to estimate GBEF is 
CCK-stimulated cholescintigraphy (CCK-CS), 
which is a noninvasive, physiologic, and accu-
rate assessment tool (Fig. 2). The role of 
CCK in gallbladder contraction and its clini-
cal use was first reported in the  mid-1900s, 
and Fink-Bennett et al. in 1985 combined 
CCK and nuclear imaging to measure GBEF 
[32]. Currently, sincalide™ (the 8 amino 
acid C-terminal fragment of cholecystokinin, 
 CCK-8), which is a CCK analogue, is the only 
commercially available drug for CCK-CS. This 
test is performed after intravenous administra-
tion of 99mtechnetium-labeled iminodiacetic 
acid (HIDA) analogue compounds, which have 
a high affinity for the liver and are excreted 
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Fig. 2  A. Normal gallbladder emptying on gallblad-
der scintigraphy. After the injection of technetium 
99-m-labeled mebrofenin, abdominal images are obtained 
at 10, 20, 30, 60, 90, and 120 minutes. The gallbladder 
is visualized 30 minutes after the injection of the radiop-
harmaceutical, and cholecystokinin is then infused after 

60 minutes to evaluate gallbladder ejection function. The 
estimated ejection fraction is 57%. B. Decreased gallblad-
der emptying on gallbladder scintigraphy. The estimated 
ejection fraction is 23%. C. Gallbladder scintigraphy 
taken from patient B after cholecystectomy. No radiocon-
trast filling in previous gallbladder location
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GBEF accurately with MR cholangiography, 
and gadoxetic acid-contrasted MRI could be 
a potential alternative for CCK-CS in the near 
future [42]. Several studies have tried to meas-
ure GBEF using ultrasound with different 
techniques, but its applicability has not been 
established yet, and CCK-CS remains the stand-
ard diagnostic tool for GBEF [43, 44].

Pain Provocation Test

A pain provocation test using CCK in attempts 
to reproduce patients’ symptoms has been 
used in supporting the diagnosis of gallblad-
der dyskinesia. Several studies advocate the 
use of the CCK provocation test as a tool for 
diagnosis of gallbladder dyskinesia and predic-
tion of response to cholecystectomy [45, 46]. 
However, the sensitivity and specificity of the 
test in diagnosing gallbladder dyskinesia is low, 
considering that CCK can stimulate not only 
the gallbladder, but also other gastrointestinal 
organs, such as the duodenum and colon, and 
cause pain in these organs as well [47]. The 
false positive rate of CCK infusion is high, and 
even 15% of normal individuals showed posi-
tive results [1]. Moreover, abdominal cramping 
can be caused by bolus injections of CCK, and 
the subjective nature of pain makes it difficult 
to assess the effect of CCK on the gallbladder 
and predict the symptomatic relief by cholecys-
tectomy in patients with gallbladder dyskinesia 
[16].

Differential Diagnosis

Gallbladder dyskinesia should be differentiated 
from organic disease and other common func-
tional disorders. Any disease that could cause 
or whose effects can be mistaken as right upper 
quadrant abdominal pain should be considered 
in the diagnostic process. Diseases that should 
not be neglected include abdominal wall pain, 
bile duct obstruction, choledocholithiasis, chole-
lithiasis, functional sphincter of Oddi disorder, 

prokinetics, opiates, cholinomimetics, inhibitory 
hormones, nitric acid releasers, calcium channel 
blockers, and many other drugs can affect gall-
bladder contraction [36].

There is still controversy on performing chol-
ecystectomy in patients with recurrent biliary 
pain with impaired gallbladder emptying with-
out structural causes. Several studies support 
performing cholecystectomy in patients with bil-
iary pain and reduced GBEF, and that 90–94% 
of those patients experience a significant 
improvement of pain [37, 38]. However, Singhal 
et al. reported that 43% of these patients still 
complained of persistent or recurrent symptoms 
in long-term follow-up, and a  meta-analysis 
reported that patients with biliary pain and nor-
mal GBEF showed similar response rates to 
patients with biliary pain and abnormal GBEF 
[8, 39]. Because of these controversies sur-
rounding the outcome of cholecystectomy, the 
surgery can be considered as a treatment option, 
but its use should be decided carefully.

There is a diagnostic dilemma for patients 
with typical biliary colic, normal laboratory 
findings, normal gallbladder structure, and nor-
mal gallbladder ejection fraction. These patients 
should be carefully followed with laboratory and 
imaging studies so as not to miss any diseases 
that show similar symptoms, and simultaneously 
treated with lifestyle modifications and sympto-
matic medical treatments. Cholecystectomy can 
be carefully considered if all follow-up studies 
show negative results and typical biliary colic 
continues.

Other Imaging Studies

Functional computed tomography and magnetic 
resonance (MR) cholangiography for diagnos-
ing gallbladder dyskinesia are largely experi-
mental, but they have shown to be applicable 
for calculating GBEF and detecting stones and 
other structural abnormalities [40, 41]. The 
recent development of hepatobiliary-specific 
gadolinium-based MR contrast agents, such 
as gadoxetic acid, made it possible to calculate 
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symptom resolution in 80% of cases and 
symptom improvement in 20%, while 75% 
of patients who did not undergo cholecys-
tectomy complained of persistent symptoms 
[51]. Several studies suggest that the response 
to cholecystectomy can be predicted by typi-
cal biliary colic symptom, low GBEF, or CCK 
provocation test, but this is still controversial [8]. 
Cholecystectomy may be considered in patients 
with normal GBEF after excluding other likely 
diagnoses that could produce similar symptoms 
and after medical treatment has failed. DiBaise 
and Oleynikov suggested in a systematic review 
that GBEF values did not predict a surgical out-
come, and the symptoms of gallbladder dys-
kinesia improved significantly regardless of 
GBEF abnormalities [52]. A recent systematic 
review by Gudsoorkay et al. similarly suggests 
that there is no significant difference in rela-
tive risk between patients with normal and low 
GBEF, but patients with low GBEF show a sig-
nificant improvement in symptoms with chol-
ecystectomy compared to medical treatment, 
while patients with normal GBEF do not [53]. 
However, many of these studies were of the 
retrospective design, with small samples and 
a high risk of bias, so their results tend to be 
inconsistent and unreliable. There has been only 
one prospective, randomized, controlled trial 
that compared the efficacy of cholecystectomy 
to that of medical treatment in patients with 
decreased gallbladder ejection fraction; however, 
only 21 patients were enrolled in the study [54]. 
Prospective randomized clinical trials with suf-
ficiently large patient cohorts and long follow-
up periods are needed to establish well-accepted 
treatment guidelines for gallbladder dyskinesia.
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experienced symptom relief after cholecystec-
tomy, and Ozden and DiBaise reported 56% 
[49, 50]. In a retrospective study by Goncalves 
et al., patients with gallbladder dyskinesia 
who underwent cholecystectomy experienced 
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Incidental 
Gallbladder Carcinoma

Jae Uk Chong, Jin Ho Lee, and Kuk Hwan Kwon

Introduction

According to global cancer statistics 2018, gall-
bladder cancer (GBC) accounts for 1.2% of all 
cancer diagnoses, but 1.7% of all cancer deaths 
[1]. GBC is a rare yet fatal disease with poor 
prognosis of reported less than 5% in 5-year 
survival [2, 3]. Such a poor prognosis results 
from discovery at late stages due to vague or 
absent symptoms. The absence of submucosa 
and serosa layers between the gallbladder and 
the liver may have a role in the early invasion of 
GBC into the liver [4]. SEER cancer statistics 
review shows that only one in five GBC cases 
is diagnosed at an early stage even in a highly 
advanced country such as the United States 
[5]. Occasionally, GBC is diagnosed during 
or following cholecystectomy for unsuspected 
benign disease of the gallbladder. These cases 
are termed as “incidental gallbladder cancer” 
and present several dilemmas for further man-
agement. With laparoscopic cholecystectomy 
as the current gold standard for treatment of 
cholecystolithiasis and the most frequently per-
formed surgical procedure worldwide for benign 
gallbladder diseases, the incidence of incidental 

GBC has also increased with some reporting 
up to 3% [6]. Additionally, incidental GBC is 
reported to be associated with more favorable 
pathologic characteristics such as lower tumor 
grade and T-stage compared to non-incidental 
GBC, which usually presents with concerning 
signs of malignancy such as jaundice and weight 
loss [7]. When diagnosed with incidental GBC, 
the current guideline recommends re-resection 
for T1b, T2, and T3 disease unless contraindi-
cated by advanced disease or poor performance 
status [8]. However, there are still controversies 
in the management of incidental GBC and risk 
factors have not yet been fully elaborated. In this 
chapter, we explored up-to-date knowledge for 
all aspects of incidental GBC.

Epidemiology

The widespread use of laparoscopic cholecys-
tectomy has led to the discovery of incidental 
gallbladder cancer at an earlier stage. GBC is 
discovered incidentally during histopathology 
following 0.25–3.0% of laparoscopic cholecys-
tectomies [9]. This constitutes a majority of 
GBC diagnoses (50–70%) [7, 10]. While GBC 
is rare, it is the most common malignant disease 
of the biliary tract [11]. Incidences have been 
reported to vary greatly by geographical regions 
and ethnicity. GBC commonly occurs in South 
America, in countries such as Chile, Bolivia, 
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age < 60 years, 3.5 for age 60–69 years, 6.5 for 
age 70–79 years, 16 for age ≥80 years, 3.5 for 
female gender, 1.5 for previous cholecystitis, 
1.5 for normal bilirubin levels/acute cholecysti-
tis, and 2.0 for elevated bilirubin levels/no acute 
cholecystitis. With reference to the low-risk 
group, the intermediate-risk group had 3.6 times 
increased risk and the high-risk group had 18 
times more risk of GBC.

Under the circumstances of increased risk, as 
previously reported, surgeons should be more 
attentive and prepared to perform adequate R0 
resection at initial operation when incidental 
GBC is discovered.

Tumor Markers

Currently, there are no biomarkers for inciden-
tal GBC as tumor markers are not routinely 
checked for benign gallbladder diseases. For 
GBC, carcinoembryonic antigen (CEA) and 
carbohydrate antigen (CA) 19–9 are most com-
monly utilized as tumor markers. CEA is a 
broad-spectrum tumor marker that is found 
in gastrointestinal cancer and in the normal 
embryonic gut, pancreas, and biliary tract. CEA 
level greater than 4 ng/mL is 93% specific for 
GBC but only 50% sensitive [17]. CA 19–9 
greater than 20 IU/mL has 79% sensitivity and 
79% specificity for GBC [17]. Wen et al. have 
shown that a combination of an elevated preop-
erative CEA and CA 19–9 was associated with 
a poor prognosis and values within normal range 
showed the best prognosis [18]. However, prog-
nostic accuracy of both CEA and CA 19–9 is 
rather low and other markers such as CA 242 
and thymidine kinase have been proposed in the 
past [19, 20]. Role of tumor markers and other 
biomarkers need to be evaluated and discovered 
in incidental GBC.

Diagnosis

Preoperative diagnosis of incidental GBC is dif-
ficult in clinical practice as there is no mass seen 
on preoperative imaging, and cholecystectomy 

and Ecuador, and in Asia, in parts of India, 
Pakistan, Japan, and Korea [12, 13]. Mapuche 
Indians in Chile demonstrate the highest rate of 
GBC: 12.3/100,000 for males and 27.3/100,000 
for females [14]. GBC is also found in high fre-
quency in Eastern and Central Europe, but in 
low frequency in Western and Mediterranean 
Europe, and in the United States [4]. This vari-
ation may be a result of differences in both envi-
ronmental and genetic factors. In regions with a 
high prevalence of GBC, surgeons should prac-
tice with more vigilance to discover incidental 
GBC during laparoscopic cholecystectomy for 
presumed benign gallbladder diseases.

Risk Factors

Currently known risk factors for GBC include 
advanced age, female sex, polyps greater than 
1 cm, porcelain GB, anomalous pancreato-
biliary ductal union, and gallstones. In terms 
of incidental GBC, results of the American 
College of Surgeons-National Surgical Quality 
Improvement Program (ACS-NSQIP) database 
showed that the conversion of laparoscopic chol-
ecystectomy to open cholecystectomy, advanced 
age (≥65 years old), Asian or African-American 
race, an elevated alkaline phosphatase level 
(≥120units/L), and female sex were independ-
ent risk factors [15]. The combination of risk 
factors increased the risk of incidental GBC: 
6.3-fold increase for one factor, 16.7-fold 
increase for two factors, 30.0-fold increase for 
three factors, and 47.4-fold increase in risk of 
incidental GBC for all four factors.

Recently, the risk score model to predict 
incidental GBC has also been proposed based 
on the data from the Swedish Registry of 
Gallstone Surgery and Endoscopic Retrograde 
Cholangiopancreatography (GallRiks) [16]. 
The model was based on five clinical variables 
including age, female gender, previous cholecys-
titis, bilirubin level, and the presence of acute 
cholecystitis. Risk scores were divided into 
low risk (<3.5 points), intermediate risk (3.5–8 
points), and high risk (>8 points). Each clinical 
variables were given points as following: 0 for 
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is performed for presumed benign stone disease. 
Focal or diffuse wall thickening may be present 
due to chronic or acute cholecystitis. Since GBC 
may present with wall thickening in 20–30% of 
cases, the differential diagnosis should be more 
actively sought [21].

In a study comparing non-incidental GBC 
and incidental GBC, sonographic characteris-
tics showed a significantly different width of 
gallbladder (41.6 mm vs. 32.3 mm, p = 0.009, 
respectively) and gallbladder wall thickness 
(8.0 mm vs. 5.5 mm, p = 0.016, respectively) 
[22]. Incidental GBC was found with less wall 
thickening and smaller gallbladder width with 
the common presence of cholelithiasis. Findings 
suggested that incidental GBC has only mildly 
thickened gallbladder wall with difficulty in dis-
tinguishing from the inflammatory thickening. 
Suspicious cases of the small gallbladder with 
wall thickening may require further radiological 
evaluation to differentiate incidental GBC.

Multi-detector computed tomography 
(MDCT) has also been used to distinguish 
between benign and malignant causes of gall-
bladder wall thickening according to gallblad-
der enhancement and have reported sensitivity 
and positive predictive values of 75.9–82.8% 
and 80.0–82.8%, respectively [23]. In the study, 
MDCT findings of “thick” one-layer pattern with 
heterogeneous enhancement and two-layer pat-
tern with “thick” enhancing inner wall ≥2.6 mm 
and “thin” weakly or nonenhancing outer wall 
≤3.4 mm indicated signs of malignant flat gall-
bladder wall thickening rather than benign dis-
ease. The diagnostic accuracy of these enhancing 
patterns as signs of malignancy was 87.6–89.1%.

Another emerging technique for differentiat-
ing the wall thickening includes real-time elas-
tography using acoustic radiation force impulse 
(ARFI). High intensity-focused ultrasound is 
used to evaluate the tissue stiffness in the liver, 
breast, and other organs [24]. Benign and malig-
nant nodules in various organs are differentiated 
by using much higher stiffness present in malig-
nant tissues due to the increased cell density 
compared to tissues with chronic inflammation 
and fibrosis [25].

Kapoor et al. [26] showed that real-time 
elastography diagnosed GBC with a mean 
shear wave velocity of 3.41 m/s [95% CI: 3.1–
3.7 m/s]. With a cutoff value of 2.7 m/s, elas-
tography showed sensitivity and specificity of 
100% and 91.3%, respectively for diagnosing 
GBC with an overall accuracy of 92.8%. A false 
positive rate of 8.5% occurring in acute chole-
cystitis was also reported.

For suspicious wall thickening of gallbladder, 
routine use of elastography during ultrasonogra-
phy combined with MDCT may assist in the ear-
lier discovery of incidental GBC.

Stage Distribution at Presentation

Systemic review and meta-analysis of 2145 inci-
dental GBC patients [27] showed that nearly half 
were T2 stage with a pooled proportion of 47.0% 
(95% CI: 0.421–0.519) at presentation. T1 and 
T3 were discovered at similar rate with pooled 
proportion of 23.0% (95% CI: 0.178–0.291) for 
T1 and 25.1% (95% CI: 0.195–0.317) for T3. 
Pooled proportion of lymph node metastases was 
14.2% (95% CI: 0.107–0.185). Results of a mul-
ticenter study on 724 GBC cases by the French 
Surgical Association showed that 85% of cases 
were identified as T3 or T4 [28]. While GBC is 
usually discovered at an advanced stage, inci-
dental GBC is diagnosed at an earlier stage. With 
early diagnosis, prognosis is greatly influenced. 
The 5-year overall survival rate for T1a and 
T1b is over 95% [29] and for T2 is 70% [30]. In 
order to increase the survival of GBC, efforts to 
discover more incidental GBC may be essential.

Pathologic Examination and Staging

Pathologic examination is important for appro-
priate staging and further management. Yet, no 
consensus has been met on a uniform pathologic 
examination protocol for those with no clinical 
or imaging suspicion for GBC and no appar-
ent abnormality on gross examination. Due to 
limited resources and low risk of cancer, some 
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Regional metastatic lymph nodes along the 
cystic duct, common bile duct, hepatic artery, 
and/or portal vein are classified into N1 and N2 
stages, depending on the involvement of 1–3 
LNs and ≥ 4 LNs, respectively. Periaortic, peri-
caval, superior mesenteric artery, and/or celiac 
artery lymph nodes are now classified as distant 
metastasis. Finally, retrieval of at least six lymph 
nodes is recommended in patients with T1b or 
greater.

Restaging Prior to Re-Resection

After the diagnosis of GBC has been confirmed, 
appropriate staging workup should be under-
taken to exclude disseminated disease or obvi-
ous early recurrence. Patients should undergo 
chest and abdominal CT as a minimum require-
ment for restaging and consider other imaging 
modalities such as MRI and PET for selected 
cases based on features on CT or MRI.

In a retrospective Surveillance, Epidemiology 
and End Results (SEER) database study, CT 
scan was the most utilized perioperative imaging 
modality [35]. MRI can also be used to detect 
vascular invasion, biliary tract involvement, liver 

centers do not recommend a microscopic exami-
nation in these situations [31]. However, results 
from GallRiks data showed that routine patho-
logic examination rather than selective uncovers 
a higher proportion of incidental GBC [32]. The 
current guideline suggests a routine histopatho-
logical examination of gallbladder specimens 
including minimal microscopic evaluation of 
three sections and the cystic duct margin, par-
ticularly in areas of high incidence [8].

Once a diagnosis is confirmed as GBC, cor-
rect staging according to the depth of inva-
sion is critical in establishing further treatment. 
(Table 1) Staging influences disease manage-
ment and prognosis. Current AJCC 8th can-
cer staging manual [33] for gallbladder cancer 
contains several changes from the previous 
edition. First, the T2 category (stage II) was 
separated into T2a (stage IIA) and T2b (stage 
IIB), depending on the tumor location on peri-
toneal or hepatic side of the gallbladder, respec-
tively. This change was based on results from 
a multi-institutional study showing worse sur-
vival after resection of T2 GBC on the hepatic 
side of the gallbladder [34]. Second, the N cat-
egory has been changed from an anatomic loca-
tion-based system to a number-based system. 

Table 1  TNM staging according to AJCC 8th edition

*N1: 1–3 regional lymph node metastases, N2: 4 or more regional lymph node metastases

Stage group T category T-criteria N category M cate-
gory

0 Tis carcinoma in situ N0 M0

I T1a Invades lamina propria N0 M0

T1b Invades muscular layer N0 M0

IIA T2a Invades the perimuscular connective tissue on the peritoneal side, 
without involvement of the serosa

N0 M0

IIB T2b Invades the perimuscular connective tissue on the hepatic side, 
with no extension into the liver

N0 M0

IIIA T3 Tumor perforates the serosa or directly invades the liver or one 
other adjacent organ or structure, such as the stomach, duodenum, 
colon, pancreas, omentum or extrahepatic bile ducts

N0 M0

IIIB T1-3 N1 M0

IVA T4 Invades the main portal vein or hepatic artery or invades two or 
more extrahepatic organs or structures

N0-1 M0

IVB Any T N2 M0

Any T Any N M1
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state, hepatic resection and lymphadenectomy 
are recommended with bile duct resection when 
needed. For unresectable cases, chemotherapy, 
radiation therapy, and/or best supportive care 
are recommended [41]. While NCCN guidelines 
recommend a more radical approach to T1b, the 
results of a systemic review found no definite 
evidence that extended cholecystectomy pro-
vides a survival benefit over simple cholecystec-
tomy in T1b GBC [39]. Nevertheless, since the 
lymph node metastasis is considerable (10%), 
regional lymphadenectomy should be performed 
for the treatment and staging of GBC.

T2 GBC is often diagnosed incidentally after 
laparoscopic cholecystectomy and it is well 
known that 5-year overall survival is superior 
when re-resection with extended cholecystec-
tomy is performed (55–90% vs. 0–40%) [42, 43]. 
Extended cholecystectomy includes resection of 
the gallbladder bed and hepatectomy to achieve 
an R0 resection; a 2–3-cm margin is commonly 
used. The extent of liver resection ranges from 
partial hepatectomies (nonanatomical or ana-
tomical resection of segments 4a and 5) to major 
extended hepatectomies. Anatomical resection of 
segments 4a and 5 is considered a good oncologic 
option for GBC because the cystic vein drains 
into segment 4a (37–90%) and segment 5 (52–
90%) [44, 45]. A more radical method of routine 
right extended hepatectomy including caudate 
lobectomy has also been proposed. However, 
results have not shown improved survival for 
major resection over nonanatomical liver resec-
tion and increased morbidity has been associ-
ated with major resection [46, 47]. Consequently, 
complete R0 resection with limited liver resection 
is the recommended approach to GBC, as long as 
negative margins are achieved.

With the newly introduced subdivision of T2 
based on the tumor location, there are recent 
debates on the necessity of extended cholecys-
tectomy for all peritoneal side T2 GBC [48]. 
The presence of residual disease in incidental 
GBC has been reported to be 57–70% for T2 
and 77–91% T3 [49, 50]. Residual disease has 
a profound impact on survival. Patients without 
residual disease after re-resection had a better 

invasion, and lymph node involvement with reli-
able accuracy [36].

The role of PET-CT has not been sufficiently 
proven in a prospective fashion for patients with 
GBC; however, numerous retrospective stud-
ies have reported some utility. In a study from 
Memorial Sloan Kettering Cancer Center, PET 
results altered the management of 23% of GBC 
patients [37]. A study evaluating 108 patients 
undergoing PET before re-resection found that 
PET was useful in stratifying patients for effec-
tive treatment and significantly higher uptake 
was associated with residual disease [38]. PET 
was also reported useful in the assessment of 
local residual disease in T1b GBC [38]. If there 
is no uptake in PET for T1b, re-resection was 
not recommended due to the low risk of residual 
disease.

Surgical Strategy

Reoperation for incidental GBC should have 
two fundamental objectives: R0 resection and 
clearance of the locoregional lymph nodes.

For tumor contained within the mucosa (Tis 
or T1a), cholecystectomy alone is sufficient 
for complete R0 resection as the risk of lymph 
node dissemination is low. With negative resec-
tion margins, 5-year survival after simple chol-
ecystectomy is reported between 99% and 100% 
with a less than 2% risk of lymph node involve-
ment [39]. However, great care should be exer-
cised to prevent bile spillage during operation. If 
the surgeon cannot guarantee an adequate resec-
tion without spillage during laparoscopy, open 
cholecystectomy should be considered.

For T1b GBC, current guidelines recom-
mend extended resection with lymphadenectomy 
because of the possibility of nodal involvement 
in about 10% [39, 40]. However, there are con-
troversies in the necessity of re-resection in T1b 
GBC. According to National Comprehensive 
Cancer Network Guidelines 2019, for T1b and 
greater, postoperative workup including CT and 
MRI along with consideration for staging lapa-
roscopy are recommended. In cases of resectable 
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severity of inflammation may cause greater diffi-
culty during operation, leading to higher chances 
of intraoperative gallbladder perforation. In acute 
cholecystitis, severe gallbladder inflammation 
such as emphysematous and gangrenous chol-
ecystitis is highly associated with gallbladder 
perforation [58]. While the association between 
intraoperative gallbladder perforation and inflam-
mation in gallbladder cancer has not yet been 
found, preoperatively elevated neutrophil–lym-
phocyte ratio (NLR > 5) [59] and presence of 
inflammation [60] were found to be associated 
with poor oncologic outcome after curative resec-
tion for GBC. Utmost care to prevent bile spillage 
and gallbladder perforation is indisputably neces-
sary during operation.

Perioperative Therapy

Role of adjuvant chemotherapy in GBC has not 
yet been fully elucidated. The majority of recur-
rences after resection of GBC was found to be 
distant, emphasizing the systemic nature of 
GBC and the need for multimodal therapy [61]. 
In a series of incidental GBC, adjuvant chemo-
therapy has been shown to be associated with 
better survival [7]. A meta-analysis of 6712 
patients also supported the use of adjuvant ther-
apy after surgery for biliary tract cancers [62].  
Until recently, a combination of cisplatin and 
gemcitabine has been preferred regimen based 
on the Advanced Biliary Cancer (ABC)-02 
trial, which demonstrated in a randomized 
controlled trial of 410 patients with advanced 
biliary tract malignancies (149 patients with 
GBC) [63]. Results showed an overall sur-
vival of 11.7 months for cisplatin plus gemcit-
abine versus 8.1 months for gemcitabine alone. 
However, the overall application was less than 
30% and treatment benefit was small [64]. A 
recent BILCAP (BILiary CAPecitabine) rand-
omized controlled trial in 447 patients showed 
that 6 months of adjuvant capecitabine improved 
overall survival compared to placebo [65]. Thus, 
this regimen is currently recommended after the 
re-resection of incidental GBC [66]. Current 

5-year survival than those with residual  disease 
(84.8% vs. 36.9%, p = 0.01) [50]. In order to 
better predict the risk of residual disease, Ethun 
et al. [51] proposed the gallbladder cancer pre-
dictive risk score (GBRS) based on T-stage, 
tumor differentiation, lymphovascular invasion 
(LVI), and perineural invasion (PNI). Each path-
ologic characteristic was assigned a following 
value: T1a-0, T1b-1, T2–2, T3/4–3, well-diff-1, 
mod-diff-2, poor-diff-3, LVI-negative-1, LVI-
positive-2, PNI-negative-1, PNI-positive-2. The 
values were added and separated into three risk 
groups including low risk (3–4), intermediate 
risk (5–7), and high risk (8–10). In the high-risk 
group, chances of locoregional residual dis-
ease were estimated to be 61% and re-resection 
is necessary if possible. For intermediate-risk 
group, the risk of locoregional residual disease 
is estimated to be 24% and re-resection should 
be aggressively pursued. In the low-risk group, 
however, re-resection may not be necessary with 
low chances of residual disease. The approach 
to incidental GBC is still controversial because 
of the difficulty in comparing data derived from 
nonuniform case studies. Application of GBRS 
may be limited in the current form because of a 
limited number of patients evaluated for devel-
oping the scoring system. However, with further 
validation in a larger population, GBRS may 
prove to be a great tool in optimizing the treat-
ment strategy.

Intraoperative Findings

Events during the operation may influence onco-
logic outcome and treatment strategy. In a result 
based on German registry, intraoperative gallblad-
der perforation resulted in significantly higher 
local recurrence rate (38.4% vs. 27.2%, p = 0.047) 
[52]. Gallbladder perforation or bile spillage dur-
ing operation has been associated with poor onco-
logic outcomes and increased risk of peritoneal 
carcinomatosis [53–57]. Ouchi et al. [54] reported 
that gallbladder perforation during laparoscopic 
cholecystectomy was found in 94 of 470 patients 
(20%). Risk factors associated with gallbladder 
perforation is not clear but increased T stage and 
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 factors for gallbladder cancer. An interna-
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2014;260:128–33.
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to predict incidental gallbladder cancer in patients 
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https://doi.org/10.1016/j.amjsurg.2020.01.039.

 17. Strom BL, Maislin G, West SL, Atkinson B, Herlyn 
M, Saul S, et al. Serum CEA and CA 19‐9: potential 

guidelines and consensus statements recommend 
adjuvant chemotherapy for any T2 disease and 
above with N1 disease, given the high risk of 
recurrence and nodal involvement [8, 67].

In terms of radiotherapy, the utility in adju-
vant setting has not been proven. There are no 
randomized trials for radiotherapy and is only 
performed in some centers. Currently, chemora-
diation is recommended only in microscopically 
positive surgical resection margin (R1 resection) 
[66]. There is no evidence for the use of neoad-
juvant therapy prior to re-resection.

Conclusion

GBC is a rare yet fatal disease. Most cases are 
discovered incidentally while treating a benign 
disease, indicating the importance of surveil-
lance during laparoscopic cholecystectomy. 
Incidental GBC is generally diagnosed at an 
earlier stage and carries a better prognosis than 
nonincidental GBC. Therapy can be multimodal 
yet surgical intervention is the mainstay of GBC 
treatment. A simple cholecystectomy is adequate 
for GBC contained within mucosa (Tis, T1a). 
For T1b and above, reoperation for incidental 
GBC should have two fundamental objectives: 
R0 resection and clearance of the locoregional 
lymph nodes. The role of adjuvant therapy needs 
further investigation in better detail and for sub-
groups. Until then, adjuvant capecitabine seems 
to improve oncologic outcomes. Due to the rar-
ity of the disease, efforts to recruit patients into 
ongoing multicenter clinical trials and further 
prospective studies are warranted for a better 
understanding of incidental GBC.
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Introduction

The gallbladder (GB) is a small pear-shaped 
hollow organ, which stores and concentrates 
bile before it is released into small intestine. In 
humans, the gallbladder lies beneath the liver 
and can be subjected to gallstone, which is a 
strong risk factor for gallbladder cancer (GBC). 
In most cases, histology of GBC is adenocar-
cinomas, which arise from the secretory cells 
of GB mucosa. Infrequent form of GBC, papil-
lary adenocarcinoma arises from papillary cells 
of mucosal layer and has a better prognosis 
than adenocarcinoma [1, 2]. The characteristics 
of GB anatomy are attributable to difficulty in 
early diagnosis at initial stage of GBC without 
routine medical checkup.

Among 33 leading diseases of cancer registered 
in GLOBOCAN 2018 over the past five years, 
the estimated number of prevalent cases of breast 
cancer (6,875,099 cases) is the highest and colo-
rectal cancer (4,789,635 cases), prostate cancer 
(3,724,658 cases), lung cancer (2,129,964 cases), 
and thyroid cancer (1,997,846 cases) follow in 
order. GBC is ranked 26th, with 233,820 cases, 
followed by Hodgkin Lymphoma [3] (Fig. 1).

Global Incidence and Mortality

GBC is an uncommon digestive tract cancer 
with the incidence rate of 2–3 cases per 100,000 
people [4–7]. This contributes 1.2% of all can-
cer incidences and 1.7% of all global cancer 
deaths. GBC occurs mainly after the age of 60’s 
in both sexes [1, 8, 9]. The number of GBC 
is rising steadily similar to other malignant 
tumors, mainly due to global population growth. 
According to the recent GLOBOCAN 2018 
report, data from Global Cancer Observatory 
(GCO) (https://gco.iarc.fr), an interactive  web- 
based platform presenting global cancer statis-
tics for cancer control and research, the annual 
incidence of gallbladder cancer, however, is 
ranked as 20th frequent tumor (219,420 cases) 
and 17th deadly cancer (165,087 cases) [3].

With a mortality rate of 75.2%, gallblad-
der cancer is the 7th poor prognostic tumor 
among 33 cancer disease entities. According 
to world statistics in 2018, gallbladder cancer 
 age-standardized mortality rates for both sexes 
(per 100,000) were 1.7 with the highest rate 
reported in Bolivia (10.6). The subsequent eight 
countries were as following; Thailand (6.7), 
Chile (5.4), Nepal (4.5), Republic of Korea 
(4.1), Bangladesh (3.5), Japan (3.3), Slovakia 
(3.2), and Peru (3.1).

GBC occurs in the body of gallbladder in 
about one-thirds of the cases. As the surface of 
the gallbladder wall attaches to the liver with 
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global maps of the estimated crude incidence 
rates in 2018 show that Japan, Republic of 
Korea, Europe, Canada, Australia, and Thailand 
tend to be higher, when compared to their preva-
lence rate. Considering the fact that GBC has 
been described as the “rich and old people’s dis-
ease”, the possible explanation of this phenom-
enon may be the increase of obese and old-age 
population in Eastern Asia, Europe, and Canada. 
For the Latin America area, especially Andes 
region, environmental exposures to various 
chemicals, lifestyle, ethnicity, regional intrinsic 
risk factors that predispose to carcinogenesis and 
specific dietary habits may be the answer to this 
situation (Fig. 4).

In 2018, in terms of total estimated num-
ber of GBC patients according to nationality, 
China (54,131 cases) was ranked comes first 
with India (25,999 cases) ranking as the second 
country with the most cases, due to their large 
population. Japan ranked third position with 
24,823 cases and United States (11,496 cases) 
followed (Fig. 5). But the estimated crude inci-
dence rate was the highest in Japan with 19.5 
cases per 100,000 people. Subsequent countries 
with high rates included Chile (14.8), Republic 
of Korea (14.1), and Bolivia (13.4) (Fig. 6).  

no serosal layer, hepatic invasions commonly 
occur without any symptoms. More than 50% of 
GBC patients who undergo surgery already have 
lymph node metastasis and only 10% can be 
completely resected. Adenocarcinoma is the most 
frequent histologic type, accounting for 98% of 
all gallbladder tumors; two-thirds of these are 
moderately or poorly differentiated. In fact, even 
in a highly developed country like the United 
States, only about 1 in 5 gallbladder cancers are 
diagnosed at early stages, which explains GBC’s 
poor prognosis. Such poor prognostic tumor 
diseases include pancreatic cancer, hepatoma, 
esophageal cancer, lung cancer, mesothelioma, 
and brain tumor (Fig. 2) [3, 6, 10, 11].

Worldwide Distribution Pattern 
of Gallbladder Cancer

The global distribution of GBC is not uniform, 
and its frequency varies greatly from region to 
region [1, 2, 4, 12]. The estimated number of 
prevalence cases in the last 5 years, in proportion 
per 100,000 people, is higher in Southeastern 
Asia, Central Europe, North Africa, and espe-
cially in Latin America (Fig. 3). However, the 

Fig. 1  Estimated number of 33 prevalent cancer cases (5-year) worldwide, both sexes, all ages. Source data from 
GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

https://gco.iarc.fr


149Epidemiology

Considering the fact that GBC increases with 
age, like many other cancer diseases, one of 
the reasons for this phenomenon may be due to 
Japan and Republic of Korea’s increasing pro-
portion of aged population.

In order to emphasize ethnicity and to 
remove the bias of different demographic fea-
tures of each country, age-standardized inci-
dence rates can be calculated, with Bolivia 
taking the lead with 14.0 cases per 100,000 

Fig. 2  Estimated number of 33 incident cancer cases and deaths worldwide, both sexes, all ages. The top 10 cancer 
diseases with the highest mortality/incidence ratio (%) are marked. Source data from GLOBOCAN 2018, obtained 
from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

Fig. 3  Estimated number of prevalent cases (5-yr) as a proportion in 2018, gallbladder cancer, both sexes, all ages 
worldwide. Source data from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

https://gco.iarc.fr
https://gco.iarc.fr
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[1, 2, 13–16]. In addition, these areas have 
close relationship with relatively high frequency 
of gallbladder stones (female Mapuche and 
American Indian, 49% and 64–73%, respec-
tively) (Fig. 8) and salmonella infection, both 
of which are known risk factors for gallblad-
der cancer [13, 17–20]. Gallbladder stones par-
ticularly are closely related to GBC as they are 
observed in about 85% of gallbladder cancer 
patients. The relatively high incidence rate  

people. The next six countries are as follow-
ing; Chile (9.3), Thailand (7.4), Republic of 
Korea (6.8), Nepal (5.1), Peru (4.8), and Japan  
(4.5) (Fig. 7). This result is consistent with 
the known facts of high incidence of GBC in 
Mapuche Indians and American Indians when 
ethnicity is taken into consideration and when 
analyzed geographically. The Andes area 
in Latin America and some far Eastern and 
Southeastern Asia also show high incidences 

Fig. 4  Estimated crude incidence rates in 2018, gallbladder cancer, both sexes, all ages worldwide Source data from 
GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

Fig. 5  Estimated number of incident cases of gallbladder cancer, according to nationality, both sexes, all ages. Source 
data from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

https://gco.iarc.fr
https://gco.iarc.fr
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Sex Ratio and Socioeconomic Status

GBC is the only digestive organ cancer that is 
more common among women than men. While 
crude incident rate of GBC was known to be 
two times higher in women when compared to  

in Southeast Asia and Thailand seems related to 
the regions’ improved economic status. In addi-
tion, in cases of far eastern Asian countries such 
as Republic of Korea and Japan, rapidly increas-
ing proportion of aged people probably contrib-
utes to GBC incidences in the region.

Fig. 6  Estimated crude incidence rates in 2018, gallbladder cancer, according to nationality, both sexes, all ages. 
Source data from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

Fig. 7  Estimated age-standardized incidence rates in 2018, gallbladder cancer, according to nationality, both sexes, 
all ages. Source data from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco. 
iarc.fr)

https://gco.iarc.fr
https://gco.iarc.fr
https://gco.iarc.fr
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such as surgery. As mentioned above, in GBC, 
early diagnosis and treatment is crucial for the 
patients [21, 22]. Additionally, GBC is known to 
occur more in Caucasians than Africans, which 
may not be attributable to genetic differences, 
but rather due to better overall socioeconomic 
status in Caucasians. Figure 4 shows ethnically 
randomized distribution.

Global Trends and Future Expectation 
of Gallbladder Cancer Incidence

Estimated age-standardized incidence rate of 
GBC has slightly decreased or has been similar 
over the past decades. Utilizing the past data, 
future occurrence model of GBC cases was 
predicted (Fig. 11). Marked increment in num-
ber of GBC cases in Asia is probably due to the 
fast population growth. The world’s population 
is projected to grow from 7.7 billion in 2019 
to 8.5 billion in 2030 (10% increase), and fur-
ther to 9.7 billion in 2050 (26% increase) and to 
10.9 billion in 2100 (42% increase). India, espe-
cially, is expected to add nearly 273 million peo-
ple between 2019 and 2050 and surpass China  

men, the number of estimated incidence 
was 97,396 for men and 122,024 for women 
(Male: Female = 1: 1.25) in GLOBOCAN 2018 
report. Possible explanation for this feature is 
women’s tendency to live longer. However, esti-
mated age-standardized incidence rate of GBC 
shows little difference around the world with 
the sex ratio of 2.4: 2.2 (Female: Male) [1, 3]. 
Furthermore, the incidence rate in men is 1.5 
times higher than women in Melanesian in the 
South Pacific region. Similar trends are observed 
in Eastern Asia, Southern Europe, Southeastern 
Asia, Western Europe and North America 
(Fig. 9).

If the entire world’s population is classi-
fied according to income status and/or Human 
Development Index (HDI), there is a high esti-
mated age-standardized incidence rate of GBC 
in the upper class. Eating relatively more fatty 
meals, higher Body Mass Index (BMI), and 
easier access to health care may also contrib-
ute to increasing consequences (Fig. 10). While 
GBC tends to occur in higher rates in the upper 
socioeconomic class, mortality rate is slightly 
lower compared to mid-class patients, probably 
due to early diagnosis and proper management 

Fig. 8  Worldwide prevalence of gallstone. Prevalence is inordinately high in north American Indians, western Andes 
Indians and Northern Europeans; somewhat lower in European and American whites; intermediate in Asians and 
black Americans, and quite low in black Africans. (adopted from ref. 10)
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Although GBC mortality has decreased 
remarkably over the past several decades in 
majority of countries, no further improvement 
was shown after 2000s in many countries, prob-
ably due to increasing prevalence of the obesity, 
but the mechanism is not fully understood. In 

as the world’s most populous country around 
2027. Another reason for increment of GBC 
cases in Asia is socioeconomic development of 
China and the increasing aging status of the gen-
eral population in Republic of Korea and Japan 
[1, 8, 23, 24].

Fig. 9  Estimated age-standardized incidence rates according to sex, 2018, gallbladder cancer, all ages. Source data 
from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.iarc.fr)

Fig. 10  Estimated age-standardized incidence rates in 2018, according to income level, gallbladder cancer, both 
sexes, all ages. Source data from GLOBOCAN 2018, obtained from Global Cancer Observatory (GCO) (https://gco.
iarc.fr)

https://gco.iarc.fr
https://gco.iarc.fr
https://gco.iarc.fr
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Risk Factors

Jeong Hun Seo

Introduction

While generally considered rare, gallbladder 
cancer is the most common malignant tumor of 
the biliary tract worldwide. It is an extremely 
lethal disease, with an overall mean survival of 
six months [1]. The reason for poor prognosis is 
partly due to its aggressive biologic behavior and 
a lack of sensitive screening tests for early detec-
tion. Epidemiological studies have shown a wide 
range of geographical and ethnic variations, with 
higher rates in certain areas and remarkable rar-
ity in others [2]. This difference suggests that the 
combination of local environmental factors and 
genetic predisposition is associated with its car-
cinogenesis. This review provides a comprehen-
sive overview of risk factors associated with the 
development of gallbladder cancer.

Risk Factors

Multifactorial factors contribute to the devel-
opment of gallbladder cancer. The risk factors 
for gallbladder cancer can be divided into three 
broad categories as follows.

(1) Demographic factors

① Age
② Female sex and parity
③ Obesity
④ Geography and ethnicity
⑤ Genetic factors and family history

(2) Diseases of the gallbladder and bile duct

① Gallstones
② Gallbladder polyps
③ Gallbladder adenomyomatosis
④ Xanthogranulomatous cholecystitis
⑤ Porcelain gallbladder
⑥ Pancreaticobiliary maljunction
⑦ Primary sclerosing cholangitis

(3) Environmental/lifestyle factors

① Chronic infection: Salmonella, Helicobactor
② Exposures and medications
③ Lifestyle factors

Demographic Factors

Age

The incidence of gallbladder cancer tends to 
increase continuously with age. More than 
two-thirds of patients diagnosed with gall-
bladder cancer are older than 65 years, and 
the average age at diagnosis in the US is 
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waist circumference, hip circumference, and 
waist-to-hip ratio were all associated with gall-
bladder cancer. Diabetes mellitus is a risk factor 
for gallstone disease and gallbladder cancer. In 
a meta-analysis of 20 studies, diabetic individu-
als had a 1.56-fold increased risk of gallblad-
der cancer compared to that in nondiabetics [8]. 
Patients with diabetes have an increased risk 
of developing gallbladder cancer even in the 
absence of gallstones [9]. It is not clear whether 
obesity plays an important mediating role in the 
association between diabetes and gallbladder 
cancer.

The potential biological mechanisms for 
the carcinogenesis of gallbladder associated 
with obesity include increased concentra-
tions of hormones such as insulin or estrogen, 
which increase the formation of gallstones. 
Obesity-related mediators such as Insulin-like 
Growth Factor (IGF)-1, adipokines, inflamma-
tory factors, and pro-inflammatory cytokines 
may contribute to cancer-related processes. 
Leptin and adiponectin secreted by adipose tis-
sue are also involved in carcinogenesis [6].

In conclusion, adiposity is associated with an 
increased risk of gallbladder cancer, suggesting 
that weight management can help to minimize 
the risk of gallbladder cancer [10].

Geography and Ethnicity

The incidence of gallbladder cancer shows 
marked geographical variability. The rates 
are highest in Chile (27/100,000), India 
(21.5/100,000), Poland (14/100,000), south 
Pakistan (11.3/100,000), and Japan (7/100,000) 
[11]. The incidence in Korea from 1999 to 
2013 was 2.96–3.12 per 100,000 in men and 
2.79–3.03 in women [12]. In contrast, gallblad-
der cancer is rare in the western world includ-
ing the US, UK, and Canada. Gallbladder cancer 
tends to particularly afflict indigenous popula-
tions, and ethnic rates can prevail even in dif-
ferent geographic locations. This suggests that 
gallbladder cancer may result from interactions 
between innate genetic predisposition and expo-
sure to environmental risk factors.

72 years. According to US data from 2015, 
the age-adjusted incidence rates (per 100,000 
people) increased from 0.2 among those 
20–49 years of age to 1.6 in those 50–64 years 
of age, to 4.3 among those 65–74 years of 
age, and to 8.1 for individuals over the age of 
75 years [3].

Female Sex and Parity

Gallbladder cancer occurs two to six times more 
often in women than men in most countries [4]; 
therefore, sex is a recognized risk factor for 
gallbladder cancer. The female predominance 
of gallbladder cancer suggests a role of female 
sex hormones. Estrogen increases biliary choles-
terol saturation and decreases bile salt secretion, 
while progesterone impairs gallbladder empty-
ing to promote the development of gallstones, 
which is the most important risk factor for gall-
bladder cancer. Prolonged lifetime estrogen 
exposure is associated with an increased risk of 
gallbladder cancer through early menarches, late 
menopause, multiple pregnancies, and estrogen 
replacement therapy. Serum estrogen levels rise 
about 100-fold during pregnancy; thus, higher 
parity is associated with increased lifetime 
exposure to estrogen. The female-to-male ratio 
of gallbladder cancer is above 2 in most coun-
tries but is only about 1.3 in Korea and Japan 
[5]. One possible explanation for the relatively 
high incidence of gallbladder cancer in men than 
women in these countries may be the difference 
in the prevalence of Clonorchis sinensis.

Obesity

Obese individuals have an increased risk of 
developing gallbladder cancer. Overweight and 
obesity were associated with 14 and 56% higher 
risk of gallbladder cancer, respectively. For each 
five-point increase in Body Mass Index (BMI), 
the Relative Risks (RRs) of developing gall-
bladder cancer increase by 1.59 for women and 
1.09 for men [6]. The association between obe-
sity and risk of gallbladder cancer is stronger 
in women than in men, and overweight is only 
associated with gallbladder cancer in women 
[7]. Other anthropometric factors such as 
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Genetic Factors and Family History
A family history of gallbladder cancer can 
slightly increase the risk of gallbladder cancer 
[13]. A Swedish family-cancer database was 
the first to report the familial clustering of gall-
bladder cancer, in which the risk of gallblad-
der cancer was increased in female immigrants 
from Chile and the Indian subcontinent while 
some Northern European immigrants showed 
decreased risks compared to native Swedes [14]. 
Therefore, some persistent damage was inflicted 
before emigration, and racial factors were more 
important than environmental factors. A study 
from the Utah Cancer Registry estimated that 
26% of all gallbladder cancers are familial [15].

Gallbladder cancer has also been associated 
with multiple familial polyposis/Gardner syn-
drome and Peutz–Jeghers syndrome. Multiple 
genetic mutations are likely involved in the 
pathogenesis of gallbladder cancer. The early 
molecular changes may include p53 mutation, 
cyclooxygenase-2 overexpression, mitochon-
drial DNA mutations, and abnormal hyper-
methylation of various tumor suppressor gene 
promoters [16].

Diseases of the Gallbladder and Bile 
Duct

Gallstones

Gallstones are the most important risk factor for 
the development of gallbladder cancer, with a 
Relative Risk (RR) of 4.9 [5]. Among patients 
with gallbladder cancer, 70–90% have a history 
of gallstones. Furthermore, the incidence of gall-
bladder cancers is well correlated with the prev-
alence of gallstone disease. However, compared 
to the high prevalence of gallstones, gallbladder 
cancer occurs in less than 1% of patients with 
gallstones; therefore, gallstones alone cannot be 
considered a single cause of gallbladder cancer 
[17]. The reasons why some individuals with 
gallstone disease develop cancer while most do 
not remain unknown.

Gallstone characteristics influence the risk 
of gallbladder cancer. Increasing gallstone size 
is associated with a greater risk of gallblad-
der cancer. The risk of developing gallbladder 
cancer increases by 10.1-fold and 2.4-fold for 
gallstones larger than 3 and 2.0–2.9 cm in diam-
eter, respectively, compared to stones less than 
1 cm [18]. In addition to size, gallstone weight 
and volume are also associated with gallblad-
der cancer. Average volumes of 6, 8, and 10 mL 
have relative cancer risks of 5, 7, and 11-fold, 
respectively [19]. As the duration of gallstone 
increases, so does the RR of gallbladder cancer, 
with an RR of 4.9 for gallstones with duration 
of 5–19 years and 6.2 for durations exceeding 
20 years [20] American Indians who have a high 
incidence of gallbladder cancer also have a high 
prevalence of cholesterol gallstones, suggesting 
that those with cholesterol stones are at a higher 
risk than those with pigment stone [21, 22].

The exact mechanism by which gallstones 
predisposes individuals to gallbladder cancer 
remains debatable. During the secretion of cho-
lesterol from the liver to gallbladder in gall-
stone formation, other toxic substances may be 
released simultaneously and cause malignant 
changes in the gallbladder. Two candidates are 
orphan nuclear receptors and the adenosine 
triphosphate-binding cassette transporter fam-
ily, which may increase gallbladder epithelium 
exposure to carcinogenic compounds [23]. 
Chronic irritation due to gallstones and the local 
production of carcinogens such as secondary 
bile acid promote progressive morphological 
damage through a metaplasia–dysplasia–carci-
noma sequence [24]. A Danish study reported 
that it takes approximately 15 years to progress 
from dysplasia to advanced cancer [21].

Although gallstones are an associated 
risk factor and there is an inverse correlation 
between cholecystectomy for gallstone and gall-
bladder cancer rate [25], studies of their natural 
history and decision analysis do not favor pro-
phylactic cholecystectomy for clinically silent 
gallstones [26, 27]. Screening for gallbladder 
cancer in patients with gallstones is not cur-
rently recommended.
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Gallbladder polyps should be followed 
by serial US; however, there is no consensus 
regarding screening interval. Practical recom-
mendations advise an initial review within 
6 months and then annual follow-up or every 
6 months for at least 2 years until stability is 
documented [34]. The most recent European 
Society of Gastrointestinal and Abdominal 
Radiology (ESGAR) guidelines recommended 
follow-up US of the gallbladder at 6 months 
and 1 year and then yearly up to 5 years in pol-
yps measuring 6–9 mm. In polyps under 6 mm, 
follow-up is advised at 1, 3, and 5 years; how-
ever, patients with risk factors for malignancy 
should receive the more extensive follow-up 
recommended for polyps of 6–9 mm without 
risk factors [33]. The duration of follow-up 
in patients with apparently stable gallbladder 
polyps has not been established. Wiles et al. 
demonstrated that gallbladder polyps that do 
grow appear to do so slowly and concluded 
that a 5-year follow-up should be advised [28]. 
Another study suggested that a follow-up of at 
least 10 years were necessary [35] because it 
took about 7 years for the development of neo-
plasia in gallbladder polyps [36]. The deci-
sion to terminate follow-up is dependent on the 
judgment of the clinician, and it may be more 
efficient to develop flexible and tailored follow-
up plans rather than follow fixed or inflexible 
guidelines.

Alternative imaging modalities may pro-
vide additional information for the diagnosis of 
gallbladder polyps. Compared to conventional 
US, Endoscopic Ultrasound (EUS) showed a 
greater accuracy to predict neoplastic gallblad-
der polyps by analyzing EUS features and scor-
ing systems [37]. Utilization of other imaging 
modalities such as ContrastEnhanced Ultrasound 
(CEUS) and Contrast-Enhanced Harmonic EUS 
(CEH-EUS) increased the diagnostic accuracy 
for gallbladder polyps. CEUS features highly 
suggestive of malignancy include the destruction 
of the gallbladder wall, heterogeneously enhanc-
ing patterns, and rapid contrast washout [38]. 
The presence of irregular intratumoral vessels or 
perfusion defects on CEH-EUS may be sensitive 
and accurate predictors of malignant polyps [39].  

Gallbladder Polyps

Gallbladder polyps are incidentally found on 
Ultrasound (US) and appear as fixed, echogenic 
masses protruding into the gallbladder lumen 
without an acoustic shadow [28]. Gallbladder 
polyps are relatively common, with a prevalence 
of 3–7% in abdominal US and 2–12% in chol-
ecystectomy specimens. The majority are pseu-
dotumors with no neoplastic potential, including 
cholesterol polyps (60%), adenomyomatosis 
(25%), or inflammatory polyps (10%). The most 
common benign neoplastic lesion is adenoma. 
Benign adenomas, accounting for approximately 
4% of all gallbladder polyps, have malignant 
potential, although the role of adenomas in 
the pathogenesis of carcinoma is controver-
sial. Adenomas may play a role in some cases 
of gallbladder cancer; however, the absence of 
adenoma remnants in mucosa adjacent to ade-
nocarcinoma suggests that these tumors may 
not universally play a role in carcinogenesis 
[1]. In the carcinogenesis of gallbladder can-
cer, the dysplasia-carcinoma sequence is con-
sidered the predominant mechanism over the 
adenoma-carcinoma sequence because malig-
nant transformation of adenoma or concomitant 
presence of adenoma and carcinoma are not 
common findings [29, 30].

Although most gallbladder polyps are benign, 
malignant polyps are present in some cases. 
Polyp size is the most important risk factor for 
malignancy, with gallbladder polyps larger than 
10 mm significant predictors of malignancy, 
while most polyps less than 10 mm are benign 
and remain static for long periods [31]. Other 
factors predicting malignancy include solitary 
sessile polyps, presence of gallstones, patient 
age over 50 years, and, most importantly, rapid 
polyp growth [32].

The management of incidentally detected gall-
bladder polyp is controversial. Cholecystectomy 
is recommended for gallbladder polyps ≥ 10 mm 
or symptomatic polyps irrespective of size. If 
the patient has risk factors for gallbladder malig-
nancy and a polyp measuring 6–9 mm, chol-
ecystectomy is suggested if the patient is fit and 
accepts surgery [33]. However, these suggestions 
are not firm evidence-based consensus guidelines.
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segmental-type GBA, which is a well-known 
risk factor for gallbladder cancer. Thus, GBA 
itself is not a precancerous lesion but gall-
stones secondary to GBA may lead to dysplas-
tic changes and cancer. GBA may increase in 
size over time; however, this change alone is 
not considered an index of malignancy [41, 
45]. Although GBA is not generally considered 
a premalignant lesion, GBA-positive gallblad-
der cancer is more often diagnosed in advanced 
stages because preceding GBA may interfere 
with early gallbladder cancer detection [46, 47].

There are no universally accepted guide-
lines for GBA management. Given the lack 
of malignancy potential, asymptomatic GBA 
theoretically requires no specific treatment 
when imaging provides a definite diagno-
sis. Cholecystectomy is usually indicated for 
symptomatic patients or in cases with incon-
clusive imaging findings. However, some doc-
tors may prefer surgical options in patients with 
segmental-type GBA, given its higher associa-
tion with gallbladder cancer, and in patients with 
diffuse-type GBA given the possible difficulties 
in identifying coexisting malignancies [42, 48].

New methods have been proposed to improve 
diagnostic accuracy. CEUS can be performed 
if RAS cannot be clearly identified in baseline 
US. RAS appear avascular in every phase of the 
dynamic study in CEUS, independently from 
their content. Magnetic Resonance Imaging 
(MRI) should be reserved for cases that are 
unclear on US and CEUS. At MRI, RAS can 
be identified with extremely high sensitivity by 
visualizing intramural cystic images in a “pearl 
necklace” configuration, which is pathogno-
monic of GBA [41].

Xanthogranulomatous Cholecystitis

Xanthogranulomatous Cholecystitis (XGC) is an 
uncommon form of chronic cholecystitis charac-
terized by abnormal wall thickening and severe 
proliferative fibrosis with multiple yellow-brown 
intramural nodules. The incidence of XGC was 
1.3–5.2% in resected gallbladder specimens 
[49]. XGC is frequently misdiagnosed as gall-
bladder cancer because its clinical and radio-
logical features often mimic those of gallbladder 

As a new technique, real-time elastography 
showed that all benign gallbladder polyps 
appeared to have a high-strain elastographic pat-
tern, which may be useful in the characterization 
of gallbladder polyps but should be used as an 
auxiliary means of diagnosis [40].

Gallbladder Adenomyomatosis

Gallbladder Adenomyomatosis (GBA) is 
characterized by epithelial proliferation and 
hypertrophy of the muscles of the gallblad-
der wall with the outpouching of the mucosa 
into the thickened muscular layer, known as 
Rokitansky-Aschoff sinuses (RAS). GBA is fre-
quently observed in cholecystectomy specimens, 
with a prevalence of 1–9% [41]. GBA has three 
morphological types—fundal (localized), seg-
mental, and diffuse—according to the localiza-
tion in the gallbladder wall. The fundal type 
is the most common pattern and is character-
ized by a local wall thickening on the gallblad-
der fundus. The segmental type, located in the 
gallbladder body, is annular and separates the 
gallbladder into two communicating compart-
ments. The diffuse type includes thickening of 
the entire GB wall [42]. Gallstones are present 
in more than 50% of patients with GBA and up 
to 90% with segmental type [43]. Most patients 
with GBA are asymptomatic but, if present, the 
symptoms may result from the presence of gall-
stones. US is the imaging modality of choice for 
GBA diagnosis. The features on US are focal or 
diffuse gallbladder wall thickening with small 
anechoic cystic spaces and/or echogenic foci 
and comet-tail artifacts. Small anechoic cystic 
spaces (1–10 mm) representing clear bile-filled 
RAS are pathognomonic for GBA.

GBA is a benign lesion as the hyperplas-
tic epithelium of GBA has no higher neoplas-
tic potential than that of a normal gallbladder. 
Some studies have reported an increased preva-
lence of gallbladder cancer in patients with 
segmental-type GBA (6.6%) compared to that 
in patients without GBA or with other GBA pat-
terns (4.3%), with more marked differences in 
patients over 60 years of age [43, 44]. However, 
these results may have been influenced by the 
higher prevalence of gallstones in patients with 
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Previous studies reported concomitant inci-
dence of gallbladder cancer ranging from 12.5 
to 61% [52, 53]. A recent systematic review 
of 340 patients with gallbladder calcifications 
reported an incidence of gallbladder malignancy 
of 21%. However, when studies with obvious 
selection bias were excluded, the rate of gall-
bladder malignancy fell to 6% in patients with 
gallbladder calcification compared to 1% in a 
matched cohort of patients without gallbladder 
calcification [54]. Khan et al. reported incidence 
of gallbladder cancer in PGB patients as low as 
2–3% [55]. Stephen et al. found that the inci-
dence of gallbladder cancer was related to the 
calcification pattern, with selective mucosal 
calcification causing a significant cancer risk 
compared to diffuse intramural calcification, 
which was less likely to develop malignancy 
[52]. Hence, gallbladders with partial, stippled, 
or multiple punctate calcifications in the mucosa 
may benefit from prophylactic cholecystectomy 
while an observational approach may be appro-
priate for those with a continuous band of calci-
fication in the muscular layer [54, 56].

The management of PGB has been contro-
versial for decades. Due to the high incidence of 
cancer in early studies, prophylactic cholecys-
tectomy was previously routinely recommended. 
However, based on recent evidence suggesting 
a much lower incidence of cancer, prophylactic 
cholecystectomy appears appropriate for healthy 
patients, whereas a nonoperative approach 
should be considered in patients with significant 
comorbidities. Patients who are managed con-
servatively may need close follow-up to detect 
malignancy.

Pancreaticobiliary Maljunction

Pancreaticobiliary Maljunction (PBM), also 
known as anomalous pancreaticobiliary ductal 
junction or anomalous pancreaticobiliary ductal 
union, is an established risk factor for gallblad-
der cancer especially in relatively young female 
patients without gallbladder stones. PBM is 
particularly common in the Asian population 
and may explain the high incidence of gallblad-
der cancer in East Asia [57]. Approximately 
10% of patients with gallbladder cancer have 

cancer. The ultrasonographic characteristics of 
XGC include moderate-to-marked thickening of 
the gallbladder wall with oval hypoechoic nod-
ules. As the frequency of coexisting XGC and 
gallbladder cancer is nearly 10% [49], XGC 
association with cancer is controversial. One 
study suggests the malignant potential of XGC 
for its upregulated oncogenes (BCL-2, c-Myc) 
[50], while another suggests the inflammatory 
nature of XGC through the expression of p53, 
proliferating cell nuclear antigen (PCNA), and 
beta-catenin [51]. Although XGC itself may not 
be the direct cause of gallbladder cancer, knowl-
edge of clinicopathological features would help 
clinicians to manage gallbladder lesions associ-
ated with XCG because the association of XGC 
with gallbladder cancer makes treatment deci-
sions difficult.

Porcelain Gallbladder

Porcelain Gallbladder (PGB) refers to gallblad-
der wall calcification. When calcium depos-
its become extensive, the gallbladder is called 
“porcelain” due to its bluish color and fragile, 
even brittle, consistency. The pathogenesis is 
associated with chronic gallbladder inflamma-
tion, and approximately 90% of patients have 
associated gallstones. PGB occurs in 0.8% of 
all cholecystectomies [22]. It has a female pre-
ponderance (5:1) and is usually diagnosed in the 
sixth decade. Patients are usually asymptomatic 
and PGB is found incidentally on plain abdomi-
nal radiographs, US, or Computed Tomography 
(CT) images showing the characteristic calci-
fication of the gallbladder wall. In general, US 
findings are classified into three types based on 
the extent and pattern of wall calcification: type 
I is characterized by a hyperechoic semilunar 
structure with posterior acoustic shadowing; 
type II displays a curvilinear echogenic struc-
ture with acoustic shadowing; and type III is 
characterized by irregular clumps of echoes with 
posterior acoustic shadowing [22]. While type 
I corresponds to complete intramural calcifica-
tion, types II and III reflect changes in selective 
mucosal calcification.

There is no definite consensus on the inci-
dence rate of gallbladder cancer from PGB. 
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index, a marker of cell proliferation activity, 
was significantly higher in the gallbladder epi-
thelium of PBM patients than in that of controls 
(8.1 vs. 1.4%) [60]. The predominant mecha-
nism responsible for the development of biliary 
tract cancer in patients with PBM appears to be 
the hyperplasia-dysplasia-carcinoma sequence 
resulting from chronic inflammation induced by 
refluxed pancreatic juice, which is different from 
the  adenoma-carcinoma sequence or de novo 
carcinogenesis seen in patients without PBM 
[57, 61].

A nationwide survey in Japan [62] reported 
prevalences of biliary tract cancers in adult 
PBM patients with and without biliary dilatation 
of 21.6 and 42.4%, respectively. Among PBM 
patients with biliary tract cancers, bile duct and 
gallbladder cancers were present in 32.1 and 
62.3% of patients with biliary dilatation and 7.3 
and 88.1% of those without biliary dilatation. 
Thus, bile duct and gallbladder cancer occurred 
in 6.9 and 13.4% of patients with congenital 
biliary dilatation and 3.1 and 37.4% of patients 
without biliary dilatation. Furthermore, biliary 
tract cancers developed at an early age in PBM 
patients (mean 50–60 years), about 15–20 years 
earlier than those without PBM [57].

Once PBM is diagnosed, prophylactic bil-
iary surgery is recommended before the onset 
of malignant changes. Cholecystectomy and 
resection of the extrahepatic bile duct is an 
established standard for the surgical treatment 
in PBM patients with congenital biliary dilata-
tion [63]. However, the treatment of PBM with-
out biliary dilatation remains controversial. Only 
prophylactic cholecystectomy is performed in 
many institutes because most biliary cancers in 
PBM patients without biliary dilatation are gall-
bladder cancer [64]. However, some surgeons 
suggest excision of the extrahepatic bile duct 
with the gallbladder in PBM patients without 
biliary dilatation because such patients have a 
higher risk of bile duct cancer than the general 
population [65].

Compared to congenital biliary dilatation, 
PBM without biliary dilatation is difficult to diag-
nose early because they rarely evoke symptoms. 
In PBM without biliary dilatation, epithelial 

this junction anomaly [1]. PBM is a congeni-
tal malformation in which the junction of the 
pancreatic and bile ducts is located outside the 
duodenal wall. PBM can be divided into two 
types: with biliary dilatation (congenital biliary 
dilatation) and without biliary dilatation. Most 
PBM cases detected in childhood are associ-
ated with biliary dilatation; however, one-third 
of PBM detected in adults do not show biliary 
dilatation. PBM patients with biliary dilata-
tion often present symptoms of pancreatitis or 
cholangitis in childhood, whereas those with-
out biliary dilatation rarely have symptoms and 
most patients are not diagnosed until the onset 
of advanced-stage gallbladder cancer [58]. PBM 
is diagnosed when an abnormally long common 
channel and/or an abnormal union between the 
pancreatic and bile ducts is evident on direct 
cholangiography such as Endoscopic Retrograde 
Cholangiopancreatography (ERCP) or Magnetic 
Resonance Cholangiopancreatography (MRCP).

The sphincter of Oddi, which is normally 
located at the distal end of the pancreatic and 
bile ducts, regulates the outflow of the pan-
creatic juice and bile. Because of the mark-
edly long common channel in PBM, sphincter 
activity does not affect the pancreaticobiliary 
junction, which allows reciprocal reflux of 
pancreatic juice or bile. As the hydropressure 
in the pancreatic duct is usually greater than 
that in the bile duct, reflux of pancreatic juice 
into the biliary tract is frequent in PBM, which 
explains the higher rates of carcinogenesis of 
the biliary tract in patients with PBM [57, 59]. 
Carcinogenesis in PBM appears to be related to 
the stagnation of the pancreatic juice refluxed 
into the biliary tract. Refluxed proteolytic pan-
creatic enzymes and phospholipase A2 activa-
tion in the biliary tract produce strong cytotoxic 
substances such as lysolecithin. Exposure to 
harmful substances induces epithelial hyperpla-
sia with increased cell proliferation. This leads 
to K-ras oncogene and/or p53 tumor suppres-
sor gene mutations in the epithelium and subse-
quent cancer development and progression. The 
reported incidence of epithelial hyperplasia of 
the gallbladder of PBM patients without biliary 
dilatation was 72–91% [58]. The Ki-67 labeling 
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cancer [73, 74]. Approximately 2–5% of patients 
with acute S. Typhi infection become chronic 
asymptomatic carriers, with the gallbladder 
being a site of persistence [75]. Chronic infec-
tion with S. typhi has been associated with an 
increased risk of gallbladder cancer, although 
the mechanism underlying this association is 
unknown. Epidemiological studies have shown 
that chronic S. typhi carriers have an 8.47-fold 
increased risk of gallbladder cancer compared 
to non-carriers [76]. In a meta-analysis of stud-
ies from South Asia, Nagaraja et al. reported a 
4.28-fold increased risk of gallbladder cancer 
in chronic typhoid carriers [77]. Latin American 
countries such as Chile and Bolivia, where 
typhoid fever is endemic, have the highest rates 
of gallbladder cancer worldwide, with summary 
RRs of 4.6 and 4.7 for studies using Vi antibody 
serology and culture techniques, respectively 
[78]. Due to the risk of gallbladder cancer, man-
agement options for chronic typhoid carriers 
should include either elective cholecystectomy 
or careful monitoring by US [77].

Several Helicobacter species can colonize the 
hepatobiliary tract in humans, where they cause 
chronic inflammation. A study of Japanese and 
Thai populations found that the Odds Ratios 
(ORs) for bile duct or gallbladder cancer with H. 
bilis compared to gallstone and/or cholecystitis 
were 6.50 in Japanese and 5.86 in Thai patients 
[79]. H. pylori was detected in the bile 9.9 times 
more frequently in patients with biliary tract 
cancer compared to patients in the control group 
[80]. However, other studies failed to demon-
strate an increased risk of gallbladder cancer in 
the presence of H. bilis [81] or H. pylori [82]. 
Therefore, the possible role of Helicobacter spe-
cies in the development of gallbladder cancer 
requires verification. Other chronic infections 
with liver flukes, including Clonorchis sinensis 
and Opisthorchis viverrini, are highly associ-
ated with cholangiocarcinoma but have not been 
evaluated for the risk of gallbladder cancer.

Chronic gallbladder infection may predispose 
individuals to gallbladder cancer through several 
mechanisms. Beta-glucuronidase excreted by 
bacteria may deconjugate bile acids and metabo-
lites, rendering them highly active intermediates 

hyperplasia of the gallbladder induced by long-
standing continuous stasis of the bile intermingled 
with refluxed pancreatic juice is a characteristic 
pathological change [66]. To achieve early detec-
tion of PBM without biliary dilatation, MRCP is 
recommended for patients with gallbladder wall 
thickening on screening ultrasonography under 
suspicion of PBM [58, 61].

Primary Sclerosing Cholangitis

Primary Sclerosing Cholangitis (PSC) is a 
chronic liver disease characterized by chronic 
inflammation and fibrosis of the intra- and 
extrahepatic bile ducts. Patients with PSC have 
a significantly increased risk of cholangiocarci-
noma, gallbladder cancer, and colorectal cancer. 
The risk of gallbladder cancer increases via a 
metaplasia-dysplasia-carcinoma sequence [22], 
and the lifetime incidence of gallbladder cancer 
in patients with PSC is estimated to be 3–14% 
[67]. On imaging, gallbladder cancer can mani-
fest a mass (45–60%), thickened gallbladder 
wall (20–30%), or polypoid lesion (15–25%) 
[68]. The European Association for the Study 
of the Liver (EASL) reported that adenocarci-
noma is found in more than 50% of patients of 
PSC with gallbladder mass lesions regardless 
of their size [69]. Therefore, cholecystectomy 
should be considered in all patients with PSC 
for gallbladder masses of any size or gallblad-
der polyps greater than 8 mm in size, while pol-
yps less than 8 mm may be closely monitored 
because of the high surgical risk of PSC patients 
and the unlikelihood to be malignant [69–71]. 
The American Association for the Study of Liver 
Diseases (AASLD) recommends annual surveil-
lance of gallbladder cancer with US screening to 
detect mass lesions in the gallbladder [72].

Environmental/Lifestyle Factors

Chronic Infection

Chronic infection by Salmonella (S. typhi and 
S. paratyphi) or Helicobacter (H. pylori and H. 
bilis) may predispose individuals to gallbladder 
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Postmenopausal women undergoing oral estro-
gen or estrogen-progesterone therapy are at 
increased risks of gallstones and gallbladder can-
cer [93]; however, the risk associated with oral 
contraceptive use remains controversial [94]. 
Large prospective cohort studies have suggested 
that HRT increases the risk of gallbladder dis-
ease in postmenopausal women, and transdermal 
estrogen replacement therapy has a lower risk 
for gallbladder disease than oral therapy (RR 
1.17 vs. 1.74) [95]. Transdermal estrogens are 
absorbed through the skin and enter the systemic 
circulation directly, bypassing first-pass metabo-
lism by the liver. Therefore, the concentrations 
of estrogens and their metabolites in the bile are 
low, which explains the lower risk of gallbladder 
disease. Drugs including methyldopa and isonia-
zid may increase the risk of gallbladder cancer; 
however, the associations are weak [96, 97].

Lifestyle Factors

Although the association between dietary intake 
and gallbladder cancer is unclear, dietary fac-
tors may influence the production of gallblad-
der cancer through potential effects on gallstone 
formation [31]. Higher intakes of energy and 
carbohydrate can increase the risk of gallblad-
der cancer because obesity plays an important 
role in the development of gallbladder cancer. 
However, adequate intake of fruits and vegeta-
bles may have a preventive effect against gall-
bladder cancer, which could be attributed to 
their high levels of vitamins, carotenes, and fiber 
[98]. High consumption of fish may also play 
an important role in gallbladder cancer preven-
tion by increasing the inhibitory effect of bil-
iary linolenic acid on mutagens in gallbladder 
bile [99]. A recent prospective cohort study of 
Swedish adults showed an association between 
coffee consumption and a reduced risk of gall-
bladder cancer. The protective effect of coffee 
consumption may be mediated via reduced gall-
stone formation. Coffee consumption stimulates 
cholecystokinin release, enhances gallbladder 
contraction, and decreases cholesterol crystal-
lization in the bile [100]. Tea consumption also 
reduced the risk of gallbladder cancer in women 
but not in men [101].

that bind to DNA [83]. Long-term chronic 
inflammation results in the sustained release 
of inflammatory mediators such as cytokines, 
chemokines, reactive oxygen species, and pros-
taglandins into the tissue microenvironment. 
Inflammation by cytokines induces oncogene 
activation and tumor suppressor gene inactiva-
tion, leading to cell transformation, mutated cell 
proliferation, and apoptosis inhibition, eventu-
ally leading to gallbladder cancer [84].

Exposures and Medications

Occupational and environmental exposures to 
carcinogens may increase the risk of gallblad-
der cancer. The presumed mechanism by which 
toxic substances contribute to gallbladder car-
cinogenesis is chronic exposure of the gallblad-
der epithelium to carcinogenic metabolites of 
toxins excreted from the liver into bile [85]. 
Prolonged exposure to some heavy metals may 
result in gallbladder cancer. Patients with gall-
bladder cancer have significantly lower levels of 
selenium and zinc and higher levels of copper, 
lead, cadmium, chromium, and nickel in serum 
and bile. These findings indicate that deficien-
cies in trace elements such as selenium and 
zinc may lead to a loss of their protective roles 
against cancer and that the remaining heavy 
metals have carcinogenic properties [86, 87]. 
Workers in rubber plants or textile factories or 
those exposed to nitrosamines have increased 
risks of gallbladder cancer [88]. An increased 
risk was also reported among miners exposed 
to radon [1]. Those living in the Gangetic belt 
in India, an industrial region with high lev-
els of pollutants in untreated domestic sewage, 
industrial, and agricultural effluents containing 
aromatic hydrocarbons, nitrosamines, and chem-
icals such as nitrates and nitrites, have a nearly 
10-fold increased risk of developing gallbladder 
cancer [89]. Fungal aflatoxin, ochratoxin A, and 
arsenic exposure may also be associated with 
increased risks of gallbladder cancer [90–92].

Increased risk of gallbladder cancer has 
also been associated with some medica-
tions. Hormone Replacement Therapy (HRT) 
and use of oral contraceptives have differ-
ent impacts on the risk of gallbladder cancer. 
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risk of gallbladder cancer. Once PBM is diag-
nosed, prophylactic biliary surgery is recom-
mended. Patients with PSC would benefit from 
annual surveillance of gallbladder cancer with 
US screening to detect mass lesions in the gall-
bladder. For the primary prevention of gallblad-
der cancer, further research is needed to identify 
the complex relationship between environmental 
and genetic risks and elucidate the multifactorial 
pathophysiology of gallbladder cancer. Cancer 
genomics and new molecular biology techniques 
may be helpful to reveal the overall molecular 
pathogenesis of gallbladder cancer, which will 
guide strategies for prevention and modern ther-
apeutic approaches.
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Gene Mutations and Its 
Clinical Significance

Sang Hoon Lee and Seung Woo Park

Introduction

Gallbladder cancer (GBC) is a rare malignancy 
of biliary tract cancer (BTC), characterized by 
late presentation and poor prognosis. There is a 
significant difference in its incidence with respect 
to geography and ethnic background. The high-
est incidence has been observed in parts of South 
America, East and South Asia, and in Native 
American and Asian population in North America 
(see Chap. “Epidemiology”) [1, 2]. These differ-
ences in incidence rates in GBC could be inter-
preted as the difference in environmental exposure 
and genetic aberrations. Epidemiologic risk factors 
for GBC include age, female gender, family his-
tory, obesity, cholelithiasis, chronic cholecystitis, 
porcelain gallbladder, polyps, chronic infection by 
Salmonella species, and exposure to certain chemi-
cals and heavy metals, accompanied with various 
genetic factors (see Chap. “Risk Factors”) [3].

The recent advance of genomic sequencing 
has led to a better understanding of carcinogen-
esis in several cancers, including GBC. Earlier, 
traditional candidate gene studies with low 
throughput approaches, like Polymerase Chain 
Reaction (PCR), restriction fragment length 

polymorphism (RFLP), PCR-single stranded 
conformation polymorphism (SSCP), and direct 
sequencing, were used to detect mutations in 
cancers. Recently, Next-generation sequencing 
(NGS) has been introduced. NGS focuses on the 
sequencing of whole exons (exome sequencing). 
NGS technique can provide increased sequence 
coverage of a particular region of interest at high 
throughput with lower cost when compared to 
conventional gene sequencing. With the advent 
of high-throughput approaches, large-scale 
genome-wide association studies (GWAS) have 
made it possible to explore the entire genome 
for the GBC specific susceptibility genomic loci.

This chapter unravels the genetic landscape 
of GBC based on different approaches includ-
ing candidate gene approach, GWAS, and 
other high-throughput sequencing methods. 
Furthermore, identification of the contribution of 
both germline and somatic mutations in the car-
cinogenesis would be further helpful not only in 
better understanding of this malignancy but also 
in disease management and targeted therapy.

Germline Mutations

Candidate Gene Approach

A large number of researches have reported the 
susceptibility loci for GBC. Almost available lit-
erature had evaluated the role of gene alterations 
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the phosphatidylcholine from the inner leaflet 
of the canalicular membrane of the hepatocyte. 
In vitro animal study showed the knockout of 
the ABCB4 gene results in hepatic inflamma-
tion and its deficiency increases reactive oxygen 
species accumulation, lipid peroxidation, and 
DNA damage [31]. Therefore, it is plausible that 
genetic variants in ABCB4 gene modify trans-
port process and might be responsible in GBC 
carcinogenesis.

Somatic Mutation

Low Throughput Approaches

Several studies have shown the effect of somatic 
mutation in GBC carcinogenesis and disease 
prognosis, with low throughout approaches such 
as PCR-RFLP, PCR-SSCP, and direct sequenc-
ing. Most extensively evaluated oncogenes in 
GBC are K-ras and p53 gene.

K-ras mutation is mostly detected at 
codon 12 in K-ras gene with high prevalence 
(33 ~ 59%) in GBC patients [32–35]. Also, the 
sites of p53 mutation were well known to be 
located in exon 5 to 8 and this prevalence was 
ranged from 31 to 50% [35, 36]. However, these 
studies were limited to evaluate the influence of 
single or few mutations in signaling pathway 
and so, the role of each gene will be summarized 
in the following section.

High-Throughput Approaches

With advent of high throughout approaches like 
mass Sequenom array, whole exome or genome 
sequencing (WES/WGS), detection of somatic 
mutations in multiple genes has become quite 
easy. The somatic mutation and the type of 
mutations prevalent in human cancer, globally, 
have been collected in the Catalogue of Somatic 
Mutations in Cancer (COSMIC) online data-
base (www.cancer.sanger.ac.uk). Based on the 
COSMIC database, the top 20 most mutated 
genes in GBC tissue are delineated in Fig. 1. 

in GBC risk in several genes of hormone path-
way [4], inflammatory pathway [5–11], DNA-
repair pathway [12–15], drug metabolism 
pathway [16–20], hedgehog pathway [21], apop-
tosis pathway [22, 23], and Wnt signaling path-
way [24]. However, these studies were limited 
to small sample size. In fact, further multigene 
and meta-analysis studies were demonstrated to 
exclude the association of most single nucleo-
tide polymorphism(s) (SNPs) on GBC suscep-
tibility [25–27]. Therefore, further evaluation 
through large sample sized studies in different 
populations is required to provide the definitive 
conclusion of association of a particular candi-
date gene in conferring GBC risk.

GWAS-Based Approach

To date, only two GWAS are reported in GBC. 
The first GWAS in GBC was from Japan, which 
included 41 patients and 866 controls with a rep-
lication cohort consisting of 30 cases and 898 
controls. It revealed that the SNP rs7504990 in 
the DCC gene was found to associate with an 
increased risk of GBC [28]. Also, two new SNPs 
(rs2229080 and rs714) in the same gene were 
replicated in a larger sized study in Indian popu-
lation [29]. These results implied that DCC vari-
ants are a useful marker for GBC susceptibility.

In a recent large-scale GWAS study in Indian 
population, the discovery cohort consisted of 
1042 GBC cases and 1709 controls and rep-
lication cohort contained 428 GBC cases and 
420 non-cancer controls from another cohort 
from North India. Significant association of 
19 markers (15 intronic SNPs, 1 synonymous 
SNP, and 3 ANPs in the 5’ upstream region) in 
the chromosomal region 7q21.12, localizing to 
the ABCB4 genes, was observed with the most 
notable SNPs after replication and meta-analysis 
being rs1558375, rs17209837, and rs4148808. 
Furthermore, GWAS heritability test also sug-
gested that the common variants are associated 
with substantial variation in GBC risk (sibling 
relative risk 3.15, 95% CI 1.80-5.49) [30]. The 
function of ABCB4 gene is one of the hepatobil-
iary phospholipid transporters that translocate 
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The list of the most prevalent mutations in GBC 
is as follows: TP53, KRAS, PI3K/AKT/mTOR 
pathway, chromatin-remodeling pathway, and 
ErbB pathway. We will discuss the role of 
somatic mutations in GBC carcinogenesis and 
its clinical significance.

Tp53

The somatic mutation of tumor suppression 
gene p53 has been found in approximately 
above half of GBC patients (45 ~ 64%) [37–43]. 
Furthermore, it was regarded as one of the ear-
liest change in the development of GBC, being 
detected in one-third of normal and dysplastic 
epithelia acquired from gallbladders with gall-
stone but without cancer [44]. Additionally, 
the excessive accumulation of p53 protein in 
gallbladder dysplasia (0 ~ 32%) and carcinoma 
in situ lesion (45 ~ 86%) also supported that 
TP53 abnormality is an early event in GBC car-
cinogenesis [45–48].

Kras

K-ras mutation is detected in about 15% of GBC 
patients in high throughout evaluation (8 ~ 19%) 
[38–43] with significant predictor for poor sur-
vival [49]. One study in Japan represented that 

K-ras mutation is more frequently detected in 
GBC patients having anomalous junction of the 
pancreaticobiliary tract [35, 50]. By contrast, at 
least in Chilean patients with cholelithiasis and 
chronic cholecystitis, K-ras mutations were rare, 
while p53 mutation arises early during mul-
tistage pathogenesis [47, 51]. Although some 
authors maintained that two distinct pathoge-
netic pathways had histologic and molecular 
differences in GBCs associated with anomalous 
pancreaticobiliary duct junction and those asso-
ciated with gallstones [52, 53], its clinical role 
in GBC carcinogenesis was under debate and 
needed to validate through large-scale sophisti-
cated method.

PI3K/AKT/MTOR Pathway

Deshpande et al. demonstrated the presence 
of activating mutations in PIK3CA (12.5%) 
gene notably in GBC, as compared to other 
BTCs [54]. In the study which identified 
14 and 26 hotspot mutations through mass 
 spectroscopy-based profiling in 57 cases and 
NGS in 15 cases among resected GBC cases, 
PI3 kinase pathway (STK11, RICTOR, TSC2) 
mutations happened commonly(49). Another 
multigene NGS studies showed that mTOR 

Fig. 1  Illustration of top 20 somatic mutations in gallbladder cancer (GBC) retrieved from COSMIC database (www.
cancer.snager.ac.uk/cosmic)

http://www.cancer.snager.ac.uk/cosmic
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Several studies have shown EGFR or ERBB3 
mutations predominant in GBC tissue sam-
ples [40, 55, 57]. An expression study in ErbB2 
and its functional ligand, Muc4 in BK5.erbB2 
transgenic mice in GBC reported that Muc4 is 
upregulated during GBC growth by potentiating 
ErbB2 signaling [58], thereby highlighting the 
key role of the ErbB signaling pathway in GBC 
pathogenesis.

Others

CDKN2

CDKN2 gene, also known as MTS1 or p16INK4, 
is a well-known tumor suppressor gene and con-
sidered as one of the most frequently altered 
somatic mutation in GBC (7 ~ 19%) [40, 42], but 
clinical meaning is indeterminate in GBC.

Microsatellite Instability

Mismatch repair (MMR) gene mutations and 
the resultant microsatellite instability (MSI) 
are infrequently detected in GBC [59, 61]. 
Although MSI was identified in a minority of 
GBC cases, these unique cases were correlated 
with favorable prognosis and degree of global 
DNA hypermethylation [60, 61]. In particular, 
unresectable or metastatic GBC patients with 
 MSI-high/deficient MMR tumors are associated 
with  high-prevalent mutations, and thus may 
benefit from immune checkpoint inhibitor such 
as pembrolizumab [62, 63].

Miscellaneous

Some studies contained Japanese GBC patients 
identified SMAD4 mutation [42, 43, 57], but its 
clinical significance remains still unknown in 
GBC carcinogenesis.

One study also showed that TERT promoter 
mutations and APOBEC-mediated somatic 
mutational signature, which was associated 
with APOBEC3B expression and a high num-
ber of mutation number, preferentially contrib-
uted to GBC rather than cholangiocarcinoma. 
Furthermore, they also demonstrated that hyper-
mutated cases were significantly enriched in the 

pathway genes, PIK3CA (7 ~ 22%), PTEN 
(3.8 ~ 7%), and TSC1 (7%), were also mutated 
[37, 38, 40, 41, 55]. Furthermore, one laboratory 
finding demonstrated that knockdown TROP2 
gene resulted in smaller xenograft tumors from 
GBC cell lines in vivo by regulating PI3K/AKT 
pathway [56]. Conclusively, PI3K/AKT/mTOR 
pathway could be a potential therapeutic target 
for GBC management.

Chromatin-Remodeling Pathway

Through WES of 32 intrahepatic cholangiocar-
cinomas and 8 GBCs,  chromatin-remodeling 
genes including BAP1, ARID1A, and PBRM1 
frequently harbored inactivating muta-
tions in almost half of intrahepatic cholan-
giocarcinomas; however, PBRM1 and another 
 chromatin-remodeling gene KMT2C (MLL3) 
were identified in GBC cases, but no muta-
tions in BAP1 and ARIDA1A were screened in 
GBC patients [37]. Recent large-scale multi-
gene NGS study including total 153 BTCs with 
26 GBCs revealed the somatic mutations of 
 chromatin-remodeling genes in GBC—ARIDA1A 
(11.5%), BAP1 (3.8%), PBRM1 (7.7%) and 
SMARCB1 (7.7%) [41]. Another large-scale 
study of 260 BTCs (including 28 GBCs) uncov-
ered the distinct mutational pattern of GBC in 
 chromatin-remodeling genes—ARID2 (18%), 
PBRM1 (7%), MLL2 (11%), MLL3 (11%), 
KDM4A (7%), and TET1 ~ 3 (11%), which dif-
fer from those of other BTCs [55]. These genetic 
alterations in chromatin-remodeling pathway 
can affect the epigenetic instability and are 
potentially targeted as anti-cancer drugs such as 
Histone deacetylase (HDAC) inhibitor or DNA-
demethylating agents.

ErbB Pathway

One study on 57 tumor-normal pairs reported 
high portion of mutations in ERBB3 (11.8%), 
along with P53 (47.1%) and K-ras (7.8%) gene 
mutations. The authors further represented ErbB 
signaling pathway (including EGFR, ERBB2, 
ERBB3, ERBB4, and their downstream gene) to 
be the most extensively mutated pathway, affect-
ing 36.8% (21/57) of the GBC samples [39]. 



175Gene Mutations and Its Clinical Significance

 8. Vishnoi M, Pandey SN, Choudhuri G, Mittal B. 
IL-1 gene polymorphisms and genetic susceptibility 
of gallbladder cancer in a north Indian population. 
Cancer Genet Cytogenet. 2008;186(2):63–8.

 9. Srivastava A, Pandey SN, Choudhuri G, Mittal B. 
CCR5 Delta32 polymorphism: associated with gall-
bladder cancer susceptibility. Scand J Immunol. 
2008;67(5):516–22.

 10. Srivastava K, Srivastava A, Kumar A, Mittal B. 
Significant association between toll-like receptor 
gene polymorphisms and gallbladder cancer. Liver 
Int. 2010;30(7):1067–72.

 11. Sharma KL, Misra S, Kumar A, Mittal B. Higher 
risk of matrix metalloproteinase (MMP-2, 7, 9) 
and tissue inhibitor of metalloproteinase  (TIMP-2) 
genetic variants to gallbladder cancer. Liver Int. 
2012;32(8):1278–86.

 12. Srivastava K, Srivastava A, Mittal B. Polymorphisms 
in ERCC2, MSH2, and OGG1 DNA repair genes 
and gallbladder cancer risk in a population of 
Northern India. Cancer. 2010;116(13):3160–9.

 13. Srivastava A, Srivastava K, Pandey SN, Choudhuri 
G, Mittal B. Single-nucleotide polymorphisms of 
DNA repair genes OGG1 and XRCC1: association 
with gallbladder cancer in North Indian population. 
Ann Surg Oncol. 2009;16(6):1695–703.

 14. Zhang M, Huang WY, Andreotti G, Gao YT, Rashid 
A, Chen J, et al. Variants of DNA repair genes 
and the risk of biliary tract cancers and stones: a 
 population-based study in China. Cancer Epidemiol 
Biomarkers Prev. 2008;17(8):2123–7.

 15. Jiao X, Wu Y, Zhou L, He J, Yang C, Zhang P, 
et al. Variants and haplotypes in Flap endonu-
clease 1 and risk of gallbladder cancer and gall-
stones: a  population-based study in China. Sci Rep. 
2015;5:18160.

 16. Sakai K, Loza E, Roig GV, Nozaki R, Asai T, Ikoma 
T, et al. CYP1A1, GSTM1, GSTT1 and TP53 poly-
morphisms and risk of gallbladder cancer in boliv-
ians. Asian Pac J Cancer Prev. 2016;17(2):781–4.

 17. Tsuchiya Y, Kiyohara C, Sato T, Nakamura K, 
Kimura A, Yamamoto M. Polymorphisms of 
cytochrome P450 1A1, glutathione S-transferase 
class mu, and tumour protein p53 genes and the risk 
of developing gallbladder cancer in Japanese. Clin 
Biochem. 2007;40(12):881–6.

 18. Xu HL, Cheng JR, Andreotti G, Gao YT, Rashid A, 
Wang BS, et al. Cholesterol metabolism gene poly-
morphisms and the risk of biliary tract cancers and 
stones: a population-based case-control study in 
Shanghai, China. Carcinogenesis. 2011;32(1):58–62.

 19. Gong Y, Zhang L, Bie P, Wang H. Roles of 
 ApoB-100 gene polymorphisms and the risks of 
gallstones and gallbladder cancer: a meta-analysis. 
PLoS ONE. 2013;8(4):e61456.

 20. Rai R, Sharma KL, Misra S, Kumar A, Mittal B. 
CYP17 polymorphism (rs743572) is associated 
with increased risk of gallbladder cancer in tobacco 
users. Tumour Biol. 2014;35(7):6531–7.

BTC subgroup with the poorest prognosis, which 
had characteristic elevation in the expression of 
immune checkpoint molecules [55]. Accordingly, 
immune-modulating treatments might be poten-
tially promising options for these patients.

Summary

GBC is enriched with multiple mutations, from 
germline mutations such as genetic suscepti-
bility of DCC and ABCB4 variants to somatic 
mutations including TP53, KRAS, PI3K/AKT/
mTOR pathway, chromatin-remodeling path-
way, and ErbB pathway genes in GBC tissues. 
The further understanding of gene polymor-
phisms in GBC carcinogenesis will be available 
to targeted therapy-based approaches for better 
clinical recommendations in the future.
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Staging by Radiological 
Imaging

Kengo Yoshimitsu

Introduction

Because the gallbladder is a small organ, high 
spatial resolution images are mandatory for 
accurate staging assessment of gallbladder carci-
noma (GBC), and therefore, CT and MRI are the 
two major modalities commonly used in clini-
cal practice for this purpose. In this chapter, the 
staging system of GBC is based on the Union 
for International Cancer Control (UICC) classi-
fication 8th edition [1] (Tables 1 and 2).

Scanning Techniques of CT and MRI

CT

An example of CT protocol is shown in Table 3. 
Multidetector-row CT with 64 or more rows 
is preferable. Contrast medium injection and 
scanning phases are similar to those of liver 
protocol, but slice thickness should be thinner, 
namely, 1–2 mm [2]. Usually, four phases are 
obtained: precontrast scan is used for assessing 
the presence of calcification or stones, arterial 
phase is useful to assess the arterial anatomy 
and the neovascularity of GBC, portal phase 

best provides the anatomical details of GBC, 
venous anatomy, and the presence of liver 
metastasis, and the equilibrium phase is impor-
tant to visualize the desmoplastic characteristic 
of GBC. Particularly, the assessment of subse-
rosal delayed enhancement is important for the 
assessment of T2 or more advanced lesions [3], 
and therefore, the equilibrium phase should also 
be obtained with a thin slice at the adequate 
delay time (240 s) [4].

MR Imaging

A 1.5-T or 3.0-T magnet is preferable. A 
dynamic scan using 3D T1-weighted images is 
the main sequence for evaluation, the concept 
of which is similar to that of CT, as mentioned 
earlier, but MRI is superior to CT in terms of 
contrast resolution. T2- and diffusion-weighted 
images (DWI) are used to characterize the 
lesion, but may sometimes serve for invasion 
depth assessment. Out-of-phase T1-weighted 
image is useful to separate GBC and adjacent 
organ by demonstrating the preserved fatty 
plane as shown as a layer of signal reduction [2].

MR cholangiopancreatography (MRCP) is 
obtained at the same time as conventional MR 
imaging, or as a separate examination, which is 
excellent for the assessment of the whole image 
of the biliary duct system. Usually, an oral con-
trast medium (OCM) is given before the MRCP 
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dysfunction, for example, those after any inter-
vention to the papilla, or those with juxta-pap-
illary diverticula [5]. In our institute, therefore, 
OCM is given only when gastrointestinal fluid 
hampers the quality of MRCP, at the end of the 
examination after dynamic study [2]. An exam-
ple of MR protocol is shown in Table 4.

Diagnostic Performance of CT and MRI 
for Each Factor Staging

T Factor Assessment

Because T factor or local spread of GBC directly 
affects the therapeutic approach and patient prog-
nosis, correct preoperative assessment of T factor 
is of great importance, particularly differentiation 
of T1 versus T2, and T2 versus more advanced 
lesions [6]. As for T2 lesions, it has been shown 
that those on the hepatic side are more likely to 

examination to suppress the signal from gas-
trointestinal fluid, but care should be taken as 
to the timing of OCM administration. Because 
OCM has T1 shortening property in addition to 
T2 shortening effect, OCM in bowel may cause 
artifacts due to peristalsis, which would degrade 
the image quality of the dynamic study, if OCM 
is given beforehand. Furthermore, it is possi-
ble that OCM regurgitates into the biliary tree 
and obscure the visualization of the lower bile 
duct, particularly in those with Odd’s sphincter 

Table 1  UICC staging 8th edition [1]

M0 M1

N0 N1 N2 Any N

T1 Satge I Stage IIIB Stage IVB Stage 
IVBT2a Stage IIA

T2b Stage IIB

T3 Stage IIIA

T4 Stage IVA Stage IVB

Table 2  T factor definition according to UICC 8th edition [1]

PMFT: perimuscular fibrous tissue, PV: portal vein, HA: hepatic artery

Definition

T1 Invades lamina propria (1a) or muscular layer (1b)

T2a Invades PMFT (subserosal layer) on the peritoneal side

T2b Invades PMFT on the liver side

T3 Invades through serosa, or directly into one nearby organ (liver, stomach, duodenum, pancreas, extrahepatic 
bile duct)

T4 Invades into PV or HA, or two or more nearby organs except for the liver

Table 3  Example of CT protocol (64-row MDCT)

120 kVp, auto mAs

Detector configuration 0.5 mm × 64, or 1 mm × 32

Table speed 26.5 mm/rotation

Slice thickness 0.5 mm or 1 mm collimation,
1 mm or 2 mm reconstruction

Phase scanning Precontrast
Arterial phase: 20 s after the triggering (150 HU at the abdominal aorta),
Portal venous phase: 60 s
Equilibrium phase: 240 s

Iodine contrast medium 300–370 mgI/mL, total volume 600 mgI/kg
Injection duration 30 s, 20-G needle
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be associated with neural or lymphatic invasion, 
and resultantly worse prognosis than those on 
the peritoneal side [7]. Recently, the importance 
of T1a versus T1b differentiation has also been 
emphasized, as the number of GBC incidentally 
found at laparoscopic cholecystectomy increases; 
T1a lesion has little chance to be associated with 
nodal metastasis and therefore does not require 
additional treatment, but T1b lesion does [8]. 
In the assessment of direct invasion to the liver 
parenchyma (T3 or T4), care should be taken that 
early enhancement around the gallbladder fossa 
does not indicate a positive sign of direct inva-
sion in most of the cases because increased chol-
ecystic venous drainage to the liver parenchyma 
(segments IV and V) due to the presence of GBC 
is often observed as such [9]. Representative 
cases are shown in Figs. 1, 2, 3, 4, 5 and 6.

CT

The criteria for the assessment of each T fac-
tor are proposed for CT [6] and summarized 
in Table 5. The reported diagnostic accuracies 
using single helical CT with 3-mm collima-
tion were 86, 71, 81, and 94% for T1, T2, T3, 
and T4 lesions, respectively [10], and those 
for MDCT with 0.75–2.5-mm collimation 
were 94.7, 89.8, and 100% for T1 versus ≧T2, 
≦T2 versus ≧T3, and ≦T3 versus T4 lesions, 
respectively [6]. Care should be taken that 
these results are based on the previous UICC 
systems, not on the latest version. However, 
the overall diagnostic performance of CT 
using the current technique can be considered 
relatively satisfactory in terms of diagnostic 
accuracy.

Table 4  Example of MRI protocol

BH: breath-hold, FS: fat suppression, FSE: fast spin-echo, ETL: echo-train length, GRE: gradient-echo, FA: flip 
angle, DWI: diffusion-weighted image, EPI: echo-planar, b: b factor [mm2/sec], MRCP: magnetic resonance cholan-
giopancreatography

Name Sequence TR/TE etc. Slice thk/gap Other information

2D MRCP
(oblique 
coronal)

BH FS-FSE ∞/800 (ETL 256) 4–8 cm 3–5 directions to cover 
the liver and pancreas

T1/T2 
coronal

BH balanced sequence 3.5/1.8 ms 4–5/0 mm Optional

T2WI axial BH FSE ∞/120 (ETL 80) 4–5/0 mm To cover liver through 
papilla

T1WI axial BH dual-echo 2DGRE 150/2.3&4.2 ms
FA 70–90°

4–5/0 mm To cover liver through 
papilla

DWI axial FB FS2DEPI 5000/65
(b = 0 & 800–1000)

4–5/0 mm To cover liver through 
papilla

Dynamic 
study
axial

BH FS3DGRE 4.3/2.1 ms
FA 15–30°

3/0 mm or 4/-2 mm Precontrast,
arterial phase by bolus 
tracking,
portal venous, and 
equilibrium phase

Oral contrast medium administration, if needed

3D MRCP with navi-
gation

FS 3DFSE ∞/87 (ETL 124) 2/-1 mm
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[8], diagnostic accuracies were 95.4 and 93.0%, 
90.7 and 87.2%, 88.4 and 80.3%, and 100 and 
96.5%, for T1a versus ≧T1b, T1 versus ≧T2, 
≦T2 versus ≧T3, and ≦T3 versus T4 lesions, 
respectively, by two independent readers. Again, 
it should be noted that these results are based 
on the previous UICC systems, not on the latest 
version.

MRI

The criteria for the assessment of each T fac-
tor are proposed for MRI [8] and summarized 
in Table 6. There are few reports describing the 
diagnostic performance of MRI in the stage 
assessment of GBC, but according to Kim et al. 

Fig. 1  T1a lesion in a 74-year-old woman. At the body 
of the gallbladder, small polypoid lesions were found. 1a 
Arterial phase CT The lesions show apparent enhance-
ment (arrows). 1b Equilibrium phase CT. Lesions show 
apparent washout (arrows). Note contiguously pre-
served gallbladder wall. By referring to the MR criteria 
(Table 2), the lesion can be diagnosed as T1a gallbladder 
carcinoma

Fig. 2  T2a lesion in the same patient as Fig. 1. At the 
fundal side of the organ, a flat wall thickening lesion was 
present 2a Arterial phase CT. The mucosal aspect of the 
lesion show enhancement (arrows). 2b Equilibrium phase 
CT. Delayed or prolonged enhancement of the serosal 
aspect is apparent (arrows)
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Although there is no direct comparative study 
between CT and MRI, the diagnostic perfor-
mance of MRI appears at least comparable to 
that of MDCT in the assessment of T factor of 
GBC.

N Factor Assessment

N factor is also an important prognostic fac-
tor in patients with GBC. UICC definition for 
N factor is as follows: N0: no nodal metasta-
sis, N1: 3 or less metastasized nodes, N2: 4 or 
more metastasized nodes [1]. Metastatic nodes 
are diagnosed usually based on the size or het-
erogeneous enhancement for both CT and 
MRI. Various size criteria have been proposed, 
depending upon the literature, but 1 cm or larger 
is a generally accepted criterion. Other criteria 
reported include larger than 5 mm in the shortest 
axis, lobulated or speculated margin, or internal 
necrosis [11, 12]. A recent meta-analysis [13] 
suggested a significant uncertainty regarding the 
optimal imaging strategy for the pre-operative 
detection of metastatic nodes in GBC patients, 
reporting varying sensitivity, and unreliability 
for the detection of metastatic nodes less than 
1 cm in size. Of note, paraaortic nodal metasta-
sis is considered distant metastasis (M factor). 
Representative cases are shown in Figs. 3 and 6.

CT

Reported sensitivities of CT in diagnosing meta-
static lymph nodes ranges from 59 to 92%, with a 
median of 51%, based on four previously published 
literatures [13–17]. In contrast, specificity was 
available only in one study [15], reporting 100%.

MRI

Reported sensitivities of MRI in diagnosing 
metastatic lymph nodes ranges from 25 to 93%, 

Fig. 3  T1 and T2 lesions with nodal metastasis (N1) in 
a 67-year-old woman 3a Arterial phase CT. Flat elevated 
lesion at the fundus shows apparent enhancement [blue 
arrow], but a nodular lesion at the body (yellow arrow) 
appears relatively hypovascular as compared to the fun-
dal lesion, which shows bulging towards the serosal 
aspect (arrowheads). The former turned out to be T1 
(predominantly T1a but partially T1b), and the latter 
T2a lesion. 3b Equilibrium phase CT. The fundal lesion 
shows apparent washout with preserved gallbladder wall 
(blue arrow), whereas the one at the body shows slightly 
prolonged enhancement (yellow arrow). Note 2 cm 
enlarged lymph node at the portocaval region (white 
arrow), showing similar enhancement pattern as the body 
lesion, rather than the fundal lesion. At laparotomy, the 
gallbladder was successfully resected, but the metastatic 
node was found inseparable from the portal vein and 
common hepatic artery possibly due to invasion, and 
therefore left behind
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Fig. 4  T2a lesion showing subserosal delayed enhance-
ment at the base of the polypoid lesion 4a Precontrast 
sagittal T1-weighted image for dynamic study. High sig-
nal along the cephalad aspect of the lesion (arrowhead 
s) represents coagulated bile juice attached to the lesion. 
4b Arterial phase. The lesion shows apparent enhance-
ment. The arc-shaped enhancement at the base of the 
lesion is considered to represent venous drainage from 
the tumor. 4c Equilibrium phase. The lesion shows slight 
prolong enhancement. Note curvilinear enhancement at 

the base of the lesion, representing fibrous tissue due to 
the desmoplastic reaction caused by tumor infiltration. 
Although the arc-shaped enhancement in 4B and this 
curvilinear enhancement look similar in appearance, but 
should clearly be differentiated from each other because 
these two represent two different phenomena: the for-
mer represents enhancement due to venous return from 
the tumor, and the latter contrast medium retention in the 
fibrous tissue at the base, suggesting a subserosal inva-
sion of the tumor [3]
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Other Approaches

According to Ramos-Font et al. [22], the accuracy 
of fluorodeoxyglucose (FDG) positron emission 
tomography (PET) in diagnosing nodal metastasis 

with a median of 72%, based on five previously 
published literatures [8, 18–21]. Reported spe-
cificities ranged from 26 to 71% with a median 
of 56%, based on four previously published lit-
eratures [8, 19–21].

Fig. 5  T1b lesion in a 65-year-old woman. A large poly-
poid lesion was found at the fundus 5a Oblique coronal 
CT, arterial phase. The lesion shows heterogeneity. Note 
strong linear enhancement at the base (large arrowhead), 
representing venous drainage via a thin stalk. Irregular 
mucosal enhancement along the hepatic side of the organ 
(small arrowheads) turned out to be mucosal cancerous 
tissue (T1a). Note the faint enhancement of adjacent 
liver tissue (*) represents increased cholecystic venous 
drainage due to the presence of cancer, not a sign of 

direct invasion [9]. 5b Oblique coronal CT, equilibrium 
phase. The major part of the lesion shows washout but 
also shows prolonged enhancement in part. Note there is 
no prolonged or delayed enhancement at all at the base, 
suggesting that the tumor is not invading the subsero-
sal layer. An arrow indicates “dimpling”. 5c Transaxial 
diffusion-weighted image (b = 800 s/mm2). The lesion 
exhibits strong high intensity (arrow). The faint curvilin-
ear signal at the hepatic side indicates mucosal cancerous 
tissue, as mentioned in 5a
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larger than 8 mm and long-to-short axis ration 
less than 2 providing 81% sensitivity and 45% 
positive predictive value [24].

M Factor Assessment

M factors are defined as follows: M0: no distant 
metastasis, M1: metastasis to distant organs, 

in GBC patients was 87.5%. PET was also reported 
to be useful to confirm nodal metastasis which was 
suspicious on CT with an odd’s ratio of 7.1 [23].

Morine et al. have reported that apparent dif-
fusion coefficient (ADC) values obtained from 
DWI of MRI less than 1.8 × 10−3 mm2/s pro-
vided the sensitivity 75% and positive predictive 
value of 82% in diagnosing nodal metastasis, 
along with size criteria of maximum diameter 

T

Fig. 6  T4 lesion in a 74-year-old man 6a Coronal CT, 
arterial phase. A 3 cm mass (*) at the fundus apparently 
invades both liver and hepatic flexure of the colon. Note 
faint enhancement in the liver along the gallbladder bed 
indicates increased cholecystic venous drainage due to 
the presence of cancer, not a sign of direct invasion [9]. 
6b Coronal CT, equilibrium phase. The lesion shows faint 
heterogeneous enhancement (*). 6c Apparent diffusion 

coefficient (ADC) map. The lesion shows restricted dif-
fusion, with an ADC value of 0.91 × 10−3 mm2/s (*). 6d 
Axial CT, portal venous phase. Note enlarged nodes at 
the portocaval region (arrow). There were enlarged nodes 
at the paraaortic regions as well (not shown), all of which 
showed apparent FDG uptake at PET scan. The patient 
was clinically diagnosed as T4N2M1 and underwent 
chemotherapy. T indicates the primary gallbladder cancer
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five out of seven (71.4%) GBC patients with 
distant metastasis were correctly called on pre-
operative MDCT [15]. Ramos-Font C described 
the accuracy of PET in detecting overall distant 
metastasis is 95.9% [22].

including liver, peritoneal cavity, and lung. 
There have been little investigations describ-
ing the diagnostic performance of radiological 
modalities focusing on the detection of GBC 
distant metastasis. Karla N et al. reported that 

Table 5  CT criteria [6]

UICC staging CT criteria

T1 Polypoid lesions without focal thickening of the gallbladder wall, or Nodular or flat lesions with 
mucosal enhancement or Focal thickening of the inner enhancing layer of the gallbladder wall with a 
clear, low-attenuated outer wall

T2a Nodular or sessile lesions associated with focal thickening of the gallbladder wall at what was 
considered to be attachment sites and with the presence of an apparently smooth fat plane separating 
the adjacent organs, or Diffuse wall thickening with heterogeneous enhancement, or Diffuse wall 
thickening with strong, thick inner wall enhancement and weak enhancement of the outer layer 
(two-layered pattern), with the presence of an apparently smooth fat plane separating the adjacent 
organs

T2b

T3 Lesions showing loss of a fat plane separating the lesions from a single adjacent organ, indicating 
tumor involvement (≤2 cm into the liver), or Apparent nodularity on the serosal aspect, indicating 
serosal exposure of the tumor
Tumor perforates the serosa (visceral peritoneum) and directly invades the liver or one other adjacent 
organ or structure (such as the stomach; duodenum; colon; or pancreas, omentum, or extrahepatic 
bile ducts)

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

Table 6  MR criteria [8]

GB: gallbladder, T2WI: T2-weighted image, SI: signal intensity, HAP: hepatic arterial phase, PVP: portal venous 
phase

UICC staging MRI criteria

T1 T1a: Gross morphology: Polypoid lesions without focal thickening of the GB wall
T2WI: Intact low SI of the muscle layer
HAP: even, thin mucosal enhancement without thickening

T1b: Gross morphology: Polypoid/nodular lesions with focal thickening of the GB wall
* Retraction of the GB wall at the tumor base (dimpling) can be found at this stage because of the 
muscle layer involvement
T2WI: loss of low SI at the base of the tumor

T2a Gross morphology: apparent nodularity with a smooth and clear margin on the serosal aspect
T1-opposed phase: external nodular bulging without disruption of the outer low SI
And with the presence of a smooth fat plane separating the adjacent organs
PVP: full-thickness, homogeneous or heterogeneous enhancement of the thickened wall
Delayed phase: delayed subserosal enhancement suggesting subserosal involvement at the tumor base

T2b

T3 Gross morphology: apparent nodularity or irregular margin on the serosal aspect, indicating serosal 
exposure of the tumor
T1-opposed phase: disruption of the outer low SI rim (fat plane between the gallbladder and adja-
cent organs), suggesting a direct invasion of the liver and/or one other adjacent organ or structure 
such as the stomach, duodenum, colon, pancreas, omentum, or extrahepatic bile duct

T4 Tumor invades the main portal vein or hepatic artery or invades two or more extrahepatic organs or 
structures
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Japanese Radiological society ed. The Japanese 
Imaging Guideline 2016. Tokyo: Kanehara; 2016. 
P268–272, in Japanese.
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Nishie A, Yamaguchi K, et al. Magnetic resonance 
differentiation between T2 and T1 gallbladder car-
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observations during injection of contrast medium 
into the cholecystic artery. AJR Am J Roentgenol. 
1997 Aug;169(2):505-10.

 10. Yoshimitsu K, Honda H, Shinozaki K, Aibe 
H, Kuroiwa T, Irie H, et al. Helical CT of 
the local spread of carcinoma of the gallbladder: 
evaluation according to the TNM system in patients 
who underwent surgical resection. AJR Am J 
Roentgenol. 2002 Aug;179(2):423-8.

 11. Weber SM, DeMatteo RP, Fong Y, Blumgart LH, 
Jarnagin WR. Staging laparoscopy in patients 
with extrahepatic biliary carcinoma. Ann Surg. 
2002;235:392–9.

 12. Jarnagin WR, Bodniewicz J, Dougherty E, Conlon 
K, Blumgart LH, Fong Y. A prospective analysis of 
staging laparoscopy in patients with primary and 
secondary hepatobiliary malignancies. J Gastrointest 
Surg. 2000;4:34–43.

 13. de Savornin Lohman EAJ, de Bitter TJJ, van 
Laarhoven CJHM, Hermans JJ, de Haas RJ, de Reuver 
PR. The diagnostic accuracy of CT and MRI for the 
detection of lymph node metastases in gallbladder 

As for liver metastasis in general, gadoxetate-
enhanced MRI has higher diagnostic perfor-
mance than CT or PET [25]. It would be useful 
to keep in mind for radiologists that early-stage 
liver metastasis from GBC is conveyed via 
cholecystic venous blood [26], and therefore it 
would almost always be observed around gall-
bladder fossa, rather than at the sites far away 
from the gallbladder. As for peritoneal implants, 
CT or PET may be the modalities of choice for 
diagnosis. For lung metastasis, CT is usually 
chosen as a diagnostic tool.

Other Radiological Approaches 
in Gallbladder Cancer Staging 
and Prognosis Prediction

Recently, Min et al. reported that ADC value of 
the main tumor (GBC) was significantly cor-
related to histological grades and UICC stag-
ing, and furthermore, it was the only factor to 
be related to disease-free survival rate for GBC 
patients, whereas histological grades and UICC 
staging were not [27]. SUV max at PET has also 
been reported to be a possible biomarker to pre-
dict the prognosis of GBC patients along with 
the UICC staging, nodal metastasis status, and 
curative versus non-curative treatment [28, 29].

Summary

State-of-the-art CT and MRI can provide fairly 
good accuracy in staging GBC, particularly for 
T factor. Adding PET or ADC information may 
not only enhance the diagnosis when CT or MRI 
findings are equivocal, particularly for N and M 
factors but also be independent biomarkers to 
predict the prognosis of GBC patients.
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Roles of PET/CT 
in Evaluating Gallbladder 
and Hepatobiliary 
Tumors

Motoki Nishimura, Nagara Tamaki, Shigenori Matsushima, 
and Kei Yamada

Introduction

Gallbladder carcinoma is a common carcinoma 
in the biliary cells and in the gastroenteric sys-
tem as well [1]. An early diagnosis seems to be 
difficult due to its anatomical location, lack of 
typical symptoms, and aggressive biologic char-
acteristics. In addition, gallbladder carcinoma 
is a highly aggressive malignancy. The 5-year 
survival rate of gallbladder cancer is reported 
at less than 15% [2]. In a recent study, 80% of 
the patients had metastatic disease and only 20% 
had potentially resectable disease at the time 
of diagnosis [3]. Thus, accurate evaluation and 
staging are important to provide a suitable indi-
cation of surgery [4].

Several diagnostic tools have been used in 
this setting, including ultrasonography (US), 
computed tomography (CT), magnetic reso-
nance (MR), endoscopic retrograde cholan-
giopancreatography (ERCP), and percutaneous 
transhepatic cholangiography (PTC).　This 
chapter introduces a new and elegant molecu-
lar imaging technique using positron emission 
tomography (PET).

Value of FDG-PET for Oncological 
Cases

Fluorine-18-fluorodeoxyglucose (FDG) and 
PET/CT have been proposed as a noninvasive 
imaging method to assess the disease extent in 
patients with various cancer.

Since most of the malignant lesion use glu-
cose as an energy source, FDG as a marker of 
exogenous glucose utilization has been used for 
detecting and characterizing malignant lesions 
using whole-body PET imaging. FDG PET 
has been proposed for diagnosis, staging, the 
effectiveness of treatment and the prediction 
of  long-term survival in different malignancies 
[5–8]. Hybrid PET/CT device permits enhanced 
detection and characterization of neoplas-
tic lesions, by a combination of the functional 
data obtained by PET with morphological data 
obtained by CT.
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false negative results are small size and/or 
low-grade tumors (Fig. 3). Regarding the diag-
nostic work-up of patients with gallbladder car-
cinoma, FDG PET and PET/CT may have little 
diagnostic advantage over traditional imaging 
modalities in detecting primary gallbladder car-
cinoma [4].

FDG PET and PET/CT may have important 
roles complementary to US, MR, CT, PTC, 
and ERCP in staging gallbladder carcinoma 
patients. Since FDG PET is a whole-body scan-
ning technique, it allows the detection of unsus-
pected metastatic lymph nodes or distant spread 
that may lead to major changes in the surgical 
management of patients with biliary tract can-
cer [24] (Fig. 4). Since incidental diagnosis of 
gallbladder carcinoma is increasing, the role of 
PET/CT for an effective treatment has been dis-
cussed [27]. The pT1b patients on PET/CT may 
be observed as the chance of relapse is low. On 
the other hand, chemotherapy may be needed 
for all pT2 patients due to the high incidence 

Clinical Applications of FDG-PET 
for Gallbladder Cancer

The typical example of FDG PET-CT in a 
patient with gallbladder cancer is shown in 
Fig. 1. A high FDG uptake is well observed in 
an area of gallbladder cancer.

There are a number of reports showing dif-
ferent values of sensitivity and specificity for 
diagnostic accuracy of FDG PET or PET/CT [1, 
4, 9–25]. In addition, a systematically reviewed 
and meta-analyzed report has also indicated the 
value and limitation for the diagnostic value of 
FDG PET for diagnosing gallbladder carcinoma 
[26]. Their pooled results of the  meta-analysis 
indicate that FDG PET studies showed good 
sensitivity (87%) and specificity (78%) in the 
evaluation of primary tumors with a high value 
of the AUC (0.88) in patients with gallbladder 
carcinoma. Possible sources of false positive 
results are inflammatory diseases of the gall-
bladder (Fig. 2). On the other hand, possible 

Fig. 1  FDG PET maximum intensity projection (MIP) 
image (left) and PET/CT fusion image (right) of a 
76-year-old female patient with advanced gallbladder 
cancer MIP image shows focal area of high FDG uptake 
in the right upper abdomen. Fusion image reveals a cal-
cified gallstone in the gallbladder and high uptake (SUV 

max 12.7) in wall thickening of the gallbladder body. 
High uptake area spread to segment 5 of the liver, sug-
gested intrahepatic invasion. Two months later, she 
underwent surgery and adenocarcinoma of gallbladder 
was proved by pathological examination
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Fig. 2  FDG PET MIP image (left) and PET/CT fusion 
image (right) of a 65-year-old male patient with xan-
thogranulomatous cholecystitis (XGC). MIP image shows 
focal area of high FDG uptake in the right upper abdomen 

Fusion image reveals high uptake (SUV max 16.5) as along 
wall thickening from fundus to body of the gallbladder. Two 
months later, he underwent surgery and xanthogranuloma-
tous cholecystitis was proved by pathological examination

Fig. 3  Contrast-enhanced CT image (left) and FDG PET/
CT fusion image (right) of a 68-year-old male patient with 
early gallbladder cancer Contrast-enhanced CT image 
shows focal wall thickening of the gallbladder neck. 

Fusion image reveals slightly high uptake (SUV max 3.0) 
in the gallbladder neck (white arrow). Two months later, 
he underwent surgery and adenocarcinoma (tub1 > tub2) of 
gallbladder was proved by pathological examination
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in both gallbladder carcinoma and inflammation, 
the addition of delayed imaging may improve 
differentiating between two lesions [13].

Clinical Applications of FDG-PET 
for Hepatobiliary Cancer

FDG PET/CT has also been used for assessing 
hepatobiliary carcinoma with reported sensitivity 
varied from 61 to 90% [10, 34, 35]. The diagnos-
tic value may be highly dependent on the tumor 
form. FDG PET was more helpful in patients 
with nodular cholangiocarcinoma than those 
with the infiltrating variety (Fig. 5). Infiltrating 
cholangiocarcinoma may not have a sufficient 
cellular mass density due to the limited value 
of spatial resolution of PET (usually 4–7 mm in 
FWHM in recent high-performance PET cam-
era). In addition, false positive findings may often 
be seen in patients with a biliary stent, probably 

of recurrence and nodal metastasis [27]. Since 
PET/CT was in good agreement with the final 
outcome compared to CT, PET/CT tended to 
show a better prediction on resectability than 
CT, especially due to unexpected distant metas-
tasis [28]. There are a number of recent papers 
indicating diagnostic as well as prognostic val-
ues of PET/CT for patients with gallbladder car-
cinoma [29, 30].

Since most patients with gallbladder carci-
noma are diagnosed incidentally after cholecys-
tectomy, FDG PET is not commonly used for 
evaluating gallbladder carcinoma. On the other 
hand, FDG PET is typically used for initiating 
staging after cholecystectomy or restaging when 
recurrence is suspected [31, 32]. An increase in 
FDG uptake is well demonstrated in gallbladder 
carcinoma and has been helpful in identifying 
recurrence in the areas of incision when CT can-
not differentiate scar tissue from tumor recur-
rence [26, 33]. While FDG PET may accumulate 

Fig. 4  FDG PET MIP image (left) and PET/CT fusion 
images (right) of a 75-year-old male patient with gall-
bladder cancer and systemic metastasis MIP image 
shows multiple focal high FDG uptakes in the abdomen, 

left supraclavicular fossa, chest, and pelvis. Fusion 
images reveal high uptake in the gallbladder tumor, 
left supraclavicular lymph node metastasis, pulmonary 
metastases, and peritoneal dissemination
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Fig. 5  Contrast-enhanced CT image (left) and FDG 
PET/CT fusion image (right) of a 67-year-old male 
patient with extrahepatic bile duct cancer Contrast-
enhanced CT oblique-coronal plane image shows occlu-
sion of distal common bile duct and dilatation of proxi-
mal common bile duct. Fusion image reveals high uptake 

in the distal common bile duct. High uptake in the lymph 
node in the hepatoduodenal ligament suggested lymph 
node metastasis. Two months later, he underwent pancre-
aticoduodenectomy. Adenocarcinoma (tub1 > por2, with 
sarcomatoid change) of distal bile duct and lymph node 
metastasis was proved by pathological examination

Fig. 6  FDG PET MIP images (left) and PET/CT fusion 
image (right) of a 67-year-old male patient with intrahe-
patic cholangiocellular carcinoma On 60-min MIP image 
(left top), no abnormal FDG uptake can be identified in 
the liver. On the other hand, 110-min MIP image (left 

bottom) and fusion image (right) reveal focal high uptake 
in the right hepatic duct (white arrow). Two months later, 
he underwent extended right hepatectomy and adenocar-
cinoma (tub1 > tub2 > por2) of right hepatic duct and 
bile duct was proved by pathological examination
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due to inflammatory changes and also in patients 
with acute cholangitis where high FDG uptake 
may be seen. FDG PET has an important role in 
patient management since the metastatic diseases 
were unsuspected on the conventional imaging 
modalities. FDG PET findings may often show 
falsely negative for metastatic disease, but such 
lesions were detected during surgery. One of the 
limited sensitivities for detecting lesions may be 
due to the relatively high background activity of 
the FDG uptake in the liver. But a better contrast 
of the lesion may be seen by the delayed FDG 
imaging (90–120 min after injection) as com-
pared to the conventional 60-min imaging after 
injection (Fig. 6) [13, 36, 37]. All extra-abdomi-
nal metastatic lesions were correctly detected by 
FDG PET [35].

Patients with primary sclerosing cholan-
gitis may often develop cholangiocarcinoma. 
Therefore, a noninvasive method to detect cholan-
giocarcinoma small enough to allow for intended 
curative surgery is needed. CT and US have a 
poor sensitivity for the detection of such early 
cholangiocarcinoma. Dynamic FDG PET may 
hold a promise to detect cholangiocarcinoma and 
differentiates it from nonmalignant tissue [38].

Conclusions

We conclude that FDG PET may have an impor-
tant role for evaluating biliary malignant tumors 
by detecting unsuspected distant metastasis, and 
thus, providing suitable patient management. 
However, FDG PET has high false negative rate 
for infiltrating cholangiocarcinoma, and also 
high false positive rate for acute inflammation. 
A wise use of FDG PET is required in a variety 
of clinical settings considering such values and 
limitations of FDG PET.
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Diagnostic Strategies 
for Early Diagnosis

Yoshiki Hirooka, Senju Hashimoto, and Ryoji Miyahara

Introduction

The poor prognosis of advanced gallbladder 
cancer has been described previously in this spe-
cialized book. The main purpose of this chapter 
is how to diagnose early gallbladder cancer.

The “Clinical practice guidelines for the 
management of biliary tract cancers 2015” [1] 
published in 2015 was updated to the third edi-
tion in 2019. Figure 1 shows the algorithm for 
diagnosing gallbladder cancer in the “Clinical 
practice guidelines for management of biliary 
tract cancers: the 3rd edition.”

According to this algorithm, a diagnosis 
using a blood test abnormality or TUS (transab-
dominal ultrasonography) from cohorts having 
high risks and some clinical symptoms is con-
sidered to be the first step to diagnosis.

In this section, we first describe what 
 high-risk groups and clinical symptoms are. 

Next, we will discuss abnormal blood tests and 
some TUS findings.

According to the algorithm, EUS (endoscopic 
ultrasonography) has the third step and is posi-
tioned as a close examination for staging. EUS 
also contributes to the early diagnosis of gall-
bladder cancer, but this time, details will be 
given to the EUS chapter.

We will also discuss the Japanese approach 
or Japanese basic policy to cytology and biopsy, 
and lastly, we refer to tumor markers for early 
diagnosis of gallbladder cancer.

High-Risk Groups

Considering the following conditions as risk fac-
tors for gallbladder cancer and conducting first 
step tests such as TUS contributes to early diag-
nosis of gallbladder cancer.

Pancreaticobiliary Maljunction (PBM)

PBM is known to cause a high incidence of gall-
bladder cancer in both dilated and non-dilated 
bile ducts types [2, 3]. When PBM is diagnosed, 
prophylactic cholecystectomy is recommended. 
It is often experienced that advanced gallblad-
der cancer is found prior to the identification of 
PBM. Diagnosing PBM using TUS is directly 
linked to the early diagnosis of gallbladder 
cancer.
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Infection

The association between Salmonella infec-
tion and gallbladder cancer is known, and it is 
thought that chronic inflammation due to infec-
tion plays a role in the process of carcinogen-
esis. Meta-analysis reports that Salmonella 
infection is significantly more at risk for gall-
bladder cancer than control gallstone disease [9].

Adenomyomatosis

Segmental adenomyomatosis of the gallbladder 
is believed to cause cholestasis at the base of the 
constricted gall bladder, leading to stone forma-
tion and cancer, but there is no clear evidence 
[10, 11].

Clinical Symptoms

Initial symptoms of gallbladder cancer have 
been reported as upper right abdominal pain 
(50–80%), jaundice (10–44%), nausea and vom-
iting (15–68%), and weight loss (10–72%) [12, 
13]. Jaundice (extrahepatic bile duct infiltra-
tion) requires extended resection and therefore 

Gallbladder Stone

Many epidemiological studies have reported 
that gallbladder stones are a risk factor for gall-
bladder cancer. Risk factors for gallbladder can-
cer include stones with a diameter of 3 cm or 
more, symptomatic cases, and a long period of 
diseases [4–6]. It is thought that chronic inflam-
mation associated with gallstones promotes 
dysplasia and canceration. However, long-term 
follow-up of subclinical gallbladder stones has a 
very low incidence of gallbladder cancer and no 
clear evidence of a causal relationship between 
gallstones and cancer is found [7].

Porcelain Gallbladder

Porcelain gallbladder has been associated with a 
high incidence of gallbladder cancer, but accord-
ing to a systematic review by Schnelldorfer, 
only 6% of gallbladder cancer in 124 cases of 
Porcelain gallbladder excluding selection bias, 
with a background-matched control. It is con-
cluded that there is a significant difference com-
pared with the group, but it is not the risk factor 
as previously pointed out [8].

High risk group

Laboratory data and TUS1st step

2nd step

3rd step

CT, MRI (MRCP)

EUS, ERCP, POCS, PET, PET-CT
Cytology, Biopsy

Staging

Clinical symptoms

TUS: transabdominal ultrasonography

Fig. 1  Diagnostic algorithm for gallbladder cancer. Japanese Society of Hepato-Biliary-Pancreatic Surgery updated 
“Clinical practice guidelines for the management of biliary tract cancers 2015: the 2nd English edition” to the 3rd 
Japanese edition (English edition is now under revision). This algorithm for gallbladder cancer was created based on 
the Japanese 3rd edition
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has a high mortality rate of 7–11%, and the 
median survival time after resection is poor at 
14–18 months. Non-jaundice cases are acciden-
tally found by TUS (transabdominal ultrasonog-
raphy) at screening and cholecystectomy for 
cholelithiasis.

For early diagnosis of gallbladder cancer, it is 
necessary to consider a strategy for diagnosing 
in some way before the above-mentioned symp-
toms appear.

Abnormal Blood Tests

Biliary tract enzymes are mainly elevated due 
to bile duct obstruction, and it has been reported 
that ALP and γ-GTP are elevated in about 70% 
of patients with early bile duct cancer [14, 
15]. Prolonged bile duct obstruction may also 
increase AST and ALT due to hepatocellular 
injury. However, it is poor in specificity and 
needs to be distinguished from liver disease due 
to viral, alcoholic, etc.

Abnormal blood tests do not always contrib-
ute to early detection of gallbladder cancer.

TUS (Transabdominal 
Ultrasonography) Findings

TUS, which is minimally invasive and can be 
performed at the bedside and has a high diag-
nostic ability, is essential for the first step diag-
nostic imaging. The ability of TUS to depict 
gallbladder tumors is extremely high, and the 
accuracy rate of gallbladder cancer among gall-
bladder tumors is as high as 70–90% [16]. It 
has been reported that the accuracy rate can be 
further increased by using high-resolution ultra-
sound [17], ultrasound Doppler method [18], 
and ultrasound contrast agents [16, 19].

Polypoid Lesions

Gallbladder cancer should be suspected if the 
size is 10 mm or more, and regardless of the 
size, when there is a broad basis or a tendency 
to increase on the image, and when the target 
is diagnosed malignant, it should be performed 
closer examination using TUS.

Figure 2 shows the algorithm for the diagno-
sis of depth invasion of gallbladder cancer [20]. 

Fig. 2  Algorithm for the diagnosis of depth invasion of GBC (gallbladder cancer). A consensus has already built 
for both shape and irregularity of the outer hyperechoic layer. Hypoechoic area and size of GBC may be helpful for 
differentiation
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wall blood flow (branch of cystic artery) became 
possible [22, 23]. Figure 6 shows the distribu-
tion of the measured gallbladder blood wall flow. 
Setting 30 cm/sec as the cut-off value allowed 
all cancer cases to be picked up. When 25 cm/
sec was set at as the cut-off value for differen-
tiation between lesions with PBM and without 
PBM, sensitivity and specificity for diagnosing 
PBM were 88.2% and 89.2%, respectively [23]. 
Figure 7 shows the uniform gallbladder wall 
thickness and color flow signals were observed 
along with the gallbladder wall. The measured 
value of gallbladder blood flow velocity was 
about 26 cm/sec, leading to suspicion of PBM 
case. Figure 8 demonstrates this case was diag-
nosed as hyperplasia without cancerous change.

Cytology and Biopsy

Cytology and biopsy for gallbladder cancer dif-
fer depending on whether the subject is operable 
or inoperable.

Operable Cases

Pretreatment biopsy and cytology for gallblad-
der cancer are different from those for bile duct 
cancer in the following two points.

First, if gallbladder carcinoma does not 
involve bile duct invasion, ERCP or PTBD as a 
treatment for reducing jaundice is not essential. 

Figure 3 indicates the early stage of gallbladder 
cancer. The tumor was depicted as having a ses-
sile base with the size around 10 mm. Surgical 
treatment revealed the tumor invasion limited to 
the mucosa.

Diagnosis of PBM Without Biliary 
Dilatation

B-Mode Imaging

PBM cases without bile duct dilatation are risk 
factors for gallbladder cancer but are difficult to 
detect because they do not involve bile duct dila-
tation. Among the cases with a uniform smooth 
thickness of the gallbladder wall, there are cases 
of PBM [21]. Finding such cases may contribute 
to early diagnosis of gallbladder cancer. Figure 4 
demonstrates the uniform smooth thickness of 
the gallbladder wall. Figure 5 shows the PBM 
without biliary dilatation. In some cases, PBM 
may be visualized on B-mode images from char-
acteristic gallbladder wall thickening.

Color Doppler Flow Imaging
A differential diagnosis was made in 1996 by 
assessing hemodynamics within gallbladder ele-
vated lesions [18].

Then, the differential diagnosis of gallbladder 
lesions and the assessment of PBM by evaluat-
ing the blood flow velocity of the gallbladder 

Fig. 3  Gallbladder cancer (depth invasion: M). a The tumor was depicted as having sessile base with the size around 
10 mm. b Surgical treatment revealed the tumor invasion limited to the mucosa
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cytology, since the operation is more than an 
extended cholecystectomy. It has been reported 
that nasal gallbladder drainage and gallbladder 
bile cytology are useful for transpapillary pre-
treatment biopsy and cytology [24]. However, 
technically feasible facilities are still limited and 
can only be presented in the recommendation. A 
high accuracy rate of EUS-FNA for gallbladder 
lesions has also been reported (80–100%) [25–
27], but due to complications of bile peritonitis 
[28], the possibility of dissemination cannot be 
ruled out.

Pre-biopsy/cytology is the only procedure for 
that purpose.

Second, the resection methods vary from 
cholecystectomy to extended cholecystectomy, 
extended hepatic lobectomy and pancreaticoduo-
denectomy. If T1 gallbladder cancer is suspected 
(depth is less than the muscularis muscularis), 
cholecystectomy is indicated because of exci-
sional biopsy, so pretreatment biopsy and cytol-
ogy are not necessarily required. When the lesion 
is estimated gallbladder cancer deeper than T2, 
it is necessary to have a preoperative biopsy or 

Fig. 4  Uniform smooth thickness of the gallbladder wall. The gall bladder wall thickened from neck and body (a) to 
fundus (b) without disruption of wall layer structure

ba

Fig. 5  Pancreaticobiliary maljunction without biliary dilatation. a Bile duct (arrow head) without dilatation was 
observed from the hilum to the place nearby duodenal major papilla. b Bile duct (arrow head) and main pancreatic 
duct (arrow) communicated inside the pancreas
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Tumor Markers for Early Diagnosis 
of Gallbladder Cancer

Till date, there is no reliable tumor marker 
developed which can be employed in the diag-
nosis of gallbladder cancer [29]. The only two 
markers, i.e., carcinoembryonic antigen (CEA) 
and carbohydrate antigen 19-9 are most often 
elevated in advanced stages with low speci-
ficity. So, most often, they are not used in the 

Inoperable Cases

If resection is not indicated, a percutaneous 
approach or high sensitivity to determine treat-
ment is the same as for cholangiocarcinoma. 
We recommend pre-treatment biopsy or cytol-
ogy with EUS-FNA (96% sensitivity). However, 
punctures must be kept in the gallbladder wall to 
avoid risk and should be performed at a facility 
that is skilled in the procedure.

Fig. 6  Distribution of gallbladder wall blood flow. Setting 30 cm/s as the cut-off value allowed all cancer cases to be 
picked up

Fig. 7  Case with pancreaticobiliary maljunction. a showed the uniform gallbladder wall thickness and color flow sig-
nals were observed along with the gallbladder wall (b). Measured value of gallbladder blood flow velocity was about 
26 cm/s, leading to suspicion of PBM case (c)



205Diagnostic Strategies for Early Diagnosis

Although the studies have been published in 
highly distinguished journals, they need to be 
validated before clinical implication.

Conclusion

Transabdominal ultrasonography plays an 
important role in the detection of early gallblad-
der cancer and an appearance of useful biomark-
ers for early detection of gallbladder cancer is 
eagerly awaited.
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Introduction

Surgery for gallbladder carcinoma is much bet-
ter than other treatments, so that it is necessary 
to determine whether resection is possible or 
not. If there are no unresectable factors, surgi-
cal resection is recommended in principle. The 
surgical procedure for gallbladder carcinoma 
greatly differs depending on the depth of inva-
sion, for example, laparoscopic cholecystectomy 
(LC) to hepatopancreaticoduodenectomy (HPD). 
However, it is quite difficult to diagnose the 
precise extent of gallbladder carcinoma preop-
eratively even with extracorporeal ultrasonogra-
phy (US), CT, and endoscopic ultrasonography 
(EUS). Therefore, the surgery must be consid-
ered with inaccuracy in preoperative diagnosis.

In 2017, Japan Biliary Association started 
the prospective observational study, named 
“GALLOP study”. The aim of this study is to 
diagnose and register the differential diagnosis 
between benign and malignant and the depth of 
gallbladder carcinoma before the operation and 
clarify the accuracy, sensitivity, and specificity 
of preoperative staging. Moreover, we believe 
that surgical outcome according to preoperative 

diagnosis will be clear. From October 2017 to 
September 2019, we have enrolled 359 cases of 
suspected gallbladder carcinoma. Final analysis, 
including surgical outcomes, is scheduled for 
fall 2021.

T1 Gallbladder Carcinoma

Gallbladder carcinoma in intramucosal  (‘m‘ 
cancer: T1a) and muscularis propria (‘mp‘ can-
cer: T1b) basically have a good prognoses even 
in simple cholecystectomy, because there is 
theoretically no lymph node metastasis and dis-
tant metastasis in pT1a and pT1b gallbladder 
carcinoma. Therefore, it is essential to perform a 
meticulous microscopic investigation of the sur-
gical specimen, with special attention given to 
the depth of invasion.

Now laparoscopic cholecystectomy (LC) is 
widely accepted for cholecystolithiasis or benign 
gallbladder polyp. However, the Japanese guide-
lines do not recommend LC for gallbladder car-
cinoma [1], because LC may increase the risk of 
peritoneal dissemination and port site recurrence 
due to bile leakage from gallbladder injury [2, 3].

In recent years, laparoscopic instruments 
and surgical techniques have been developed, 
so that LC has been gradually performed on 
T1 gallbladder carcinoma. However, LC or 
 laparoscopic-expanded cholecystectomy for 
gallbladder carcinoma has been a challenge and 
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combined extrahepatic bile duct resection for 
patients with strongly suspected hepatic inva-
sion or bile duct invasion and/or lymph node 
metastasis.

However, for patients with advanced gall-
bladder carcinoma in which there is massive 
invasion to the hepatoduodenal ligament, hepatic 
artery, and/or portal vein, or for advanced gall-
bladder carcinoma with metastasis of the poste-
rior lymph nodes of the pancreas, HPD could be 
necessary for curative resection. However, HPD 
is not recommended for highly advanced gall-
bladder carcinoma, because an acceptable prog-
nosis cannot be expected even if such a highly 
invasive resection (HPD) is performed [9].

Incidental Gallbladder Carcinoma

The incidental gallbladder carcinoma that is 
found by postoperative pathological examina-
tion is not rare. The incidence is 0.3–1.0% in 
gallbladder resected for cholecystolithiasis [10–
12]. In patients with carcinoma invasion limited 
to the mucosa or muscularis propria, additional 
resection is not necessary. On the other hand, 
in patients with subserosa invasion or deeper, 
an additional resection with liver resection and 
lymph node dissection should be considered, 
because some reports showed an additional 
resection improved the prognosis [13, 14]. In addi-
tion, there is no prognostic difference between 
patients with incidental gallbladder carcinoma 
who underwent a two-stage operation and simul-
taneously one-stage resection [15]. Therefore, 
the Japanese guidelines strongly proposed that 
the simultaneous or sequential additional resec-
tion should be considered [1].

Conclusion

The surgical procedure for gallbladder carci-
noma depends on the depth of invasion. The 
curative resection is most important for surgical 
treatment of gallbladder carcinoma.

should be performed as a clinical study with suffi-
cient informed consent. Recetly, some reports indi-
cate that the prognosis of patients with incidental 
gallbladder carcinoma is almost the same between 
by open cholecystectomy and by LC [4–7]. Since 
there is no bile leakage if performed by the expert 
surgeon, it is possible that the indication of LC for 
gallbladder carcinoma may be expanded in the 
future.

T2, T3, and T4 Gallbladder Carcinoma

If the gallbladder carcinoma is deeper than mus-
cularis propria, direct liver invasion and lymph 
node metastasis might occur. Therefore, chol-
ecystectomy with liver resection and lymph 
node dissection is necessary. There were some 
arguments in the extent of   hepatectomy that 
perform a subsegmental hepatectomy (Segment 
4b + Segment 5) to ensure a sufficient surgical 
margin or an extended cholecystectomy with 
minimal liver resection in T2 gallbladder carci-
noma. In the Japanese national survey, there is 
no prognostic difference between patients with 
subsegmental hepatectomy and minimal hepa-
tectomy in T2 carcinoma [8]. Therefore, the 
Japanese guidelines recommends the extended 
cholecystectomy with minimal hepatectomy and 
lymph node dissection in hepato-duodenal liga-
ment and around the hepatic artery in T2 gall-
bladder carcinoma [1].

In addition, if cystic duct margin and lymph 
nodes in hepatoduodenal ligament are negative, 
prophylactic extrahepatic bile duct resection for 
lymph node dissection is not recommended in 
the Japanese guidelines. There is no evidence 
that shows that combined extrahepatic bile duct 
resection improves the surgical outcomes [8]. 
However, the extrahepatic bile duct resection 
could be acceptable in patients with advanced 
lymph node metastasis or with cancer invading 
the neck of the gallbladder.

Moreover, to consider the inaccuracy in pre-
operative diagnosis, it might be appropriate 
to perform subsegmental hepatectomy and/or 
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Neoadjuvant 
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Introduction

To date, surgical resection including adequate 
lymph node dissection remains the gold stand-
ard curative therapy for gallbladder cancer. 
However, prognosis after curative surgery is 
still poor with a 5-year survival rate less than 
5% and recurrence rate ranging from 30 to 70% 
[1–3]. Adjuvant therapy or neoadjuvant therapy 
for solid tumors including gallbladder can-
cer is aimed to decrease the risk of eradication 
of pre-existing microscopic metastatic disease 
as well as inadequate surgery. Guidelines from 
the National Comprehensive Cancer Network 
(NCCN) and the European Society of Medical 
Oncology (ESMO) consider multiple neoad-
juvant and adjuvant therapy options [4, 5]. 
However, the concrete evidence of neoadjuvant 
and adjuvant therapy for gallbladder cancer is 
not yet defined. In this chapter, the current sta-
tus of neoadjuvant and adjuvant therapy for gall-
bladder cancer will be addressed by focusing on 
chemotherapy.

Neoadjuvant Chemotherapy 
for Gallbladder Cancer

The main aims of neoadjuvant chemotherapy for 
gallbladder cancer is to exclude rapid progres-
sion and avoid futile surgery. However, it has 
several concerns with regards to delay in surgery 
and disease progression due to ineffective chem-
otherapy. Currently, neoadjuvant chemotherapy 
for gallbladder cancer is recommended when 
there is evidence of locoregionally advanced dis-
eases including large mass invading liver and/
or nodal disease [4]. However, there is no data 
from large-scaled prospective, randomized clini-
cal trials supporting the notion of neoadjuvant 
chemotherapy for gallbladder cancer. Rather 
than, only very limited data were available from 
relatively small-scaled retrospective cohort 
studies.

As the clinical guideline of gallbladder 
cancer, currently available data for neoadju-
vant chemotherapy are only focused on locally 
advanced cases with or without lymph node 
metastasis [4, 5]. In most studies, lymph node 
involvement was defined as radiologically 
enlarged or biopsy-proven cases (Table 1) [6–9]. 
So, in terms of indication of neoadjuvant ther-
apy, more studies should be more evaluated even 
for earlier staged gallbladder cancer.

As for the regimen of neoadjuvant chemo-
therapy for gallbladder cancer, the current 
data is also still scanty (Table 1). Gemcitabine 
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conducted comparison gemcitabine plus cispl-
atin versus gemcitabine alone for metastatic bil-
iary tract cancer. 36.3% of all participants were 
gallbladder cancer patients. This study proved 
the superiority of gemcitabine plus cisplatin 
in terms of survival gain. This benefit was also 
confirmed in gallbladder cancer with subgroup 
analysis. With this study, gemcitabine plus cispl-
atin is the standard chemotherapy for metastatic 
gallbladder cancer now.

Even after surgical resection, the overall 
survival is poor with a high risk of recurrence. 
It is suggestive of the role for adjuvant chemo-
therapy in treatment of gallbladder cancer 
[1–3]. However, chemotherapy in the adjuvant 
setting for gallbladder cancer is still controver-
sial (Table 2) [11–15]. The main reason is that 
most of the studies were retrospective man-
ner and included all cases of biliary tract can-
cer (heterogeneity of the cases). Kayahara et al. 
analyzed the data of 4,770 patients of gallblad-
der cancer collected from 1988 to 1997 [11]. 
They reported patient outcomes were affected 
by age and sex. However, adjuvant chemo-
therapy did not provide a survival benefit. In 
2018, Bergguist et al. reported a retrospective 
analysis using the National Cancer Database 
2004–2012 cohort [12]. In their analysis, adju-
vant chemotherapy showed survival benefit only 
in T2 or greater staged with node-positive gall-
bladder cancer. For the prospective clinical trial 

monotherapy or gemcitabine combination ther-
apies were the most common regimens. The 
overall response rate (complete remission + par-
tial response) of neoadjuvant chemotherapy 
was 25 ~ 100% [6–9]. The wide range of overall 
response rate may be due to the limitations of 
available studies which have a relatively small 
number of patients and retrospectively analyzed. 
The resection rate and rate of complete resec-
tion (R0 resection) after neoadjuvant therapy are 
the most important treatment outcomes. As like 
overall response rate of chemotherapy, resection 
rate also showed a wide range from 12 to 100% 
[6–9]. However, R0 resection rate was relatively 
high enough to 80% [6–9]. Considering most of 
cases were locoregionally advanced diseases, 
the rate of R0 resection gives an important clue 
for the logicality of neoadjuvant chemotherapy.

Adjuvant Chemotherapy

Chemotherapy for biliary tract cancer includ-
ing gallbladder cancer is the main treatment 
option because most of cases are diagnosed at 
an advanced stage [1]. However, most of the 
currently available regimen for gallbladder 
cancer was extrapolated from the experience 
with pancreatic cancer. In 2010, the Advanced 
Biliary Cancer-02 trial (ABC-02) was published 
[10]. This trial was a randomized phase III trial 

Table 1  Summary of neoadjuvant chemotherapy for gallbladder cancer

*ORR; Overall response rate, **DCR; Disease control rate, ***GEMCIS; Gemcitabine + cisplatin, ****GEMOX; 
Gemcitabine + oxaliplatin, *****FOLFOX; 5-Fluorouracil + leucovorin + oxaliplatin

Reference No of patients Regimen ORR (%)* DCR (%)** Resection rate 
(%)

R0 resection rate 
(%)

Chaudhari et al. 
[6]

160 GEMCIS*** or 
GEMOX****

52.5 74.1 58.0 98.4

Creasy et al. [7] 74 Gemcitabine 
(n = 68) and 
Gemcita-
bine + Plati-
num-based 
(n = 42)

25.7 77.0 13.5 100

Gangopadhyay 
et al. [8]

121 GEMCIS*** 48.8 48.8 88.1

Selvakumar et al. 
[9]

21 FOLFOX***** 100 100 100 66.7
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for gallbladder cancer, 3 reports are available 
[13–15]. In 2002, Takada et al. reported a phase 
III prospective clinical trial which included 112 
patients of gallbladder cancer [13]. They con-
ducted comparison adjuvant chemotherapy with 
5-FU plus mitomycin C (MF) versus surgery 
alone. Interestingly, gallbladder cancer was the 
only one that showed significant clinical ben-
efit for adjuvant chemotherapy. The 5-year sur-
vival rate of the MF group was 26.0% and the 
observation group was 14.4% (p = 0.0367). In 
2019, Primrose et al. reported a phase III pro-
spective clinical trial with 447 patients of bil-
iary tract cancer [14]. In this study, 78 patients 
of gallbladder cancer were enrolled. They con-
ducted a comparison between adjuvant chemo-
therapy with oral capecitabine and observation. 
The overall survival was 51.1 months in the 
capecitabine group compared with 36.4 months 
in the observation group (adjusted hazard ration 
[HR] 0.81) in intention-to-treat analysis. And 
gallbladder cancer also showed benefit with 
adjuvant therapy with capecitabine (HR 0.84, 
95% CI 0.43–1.63). Even these two relatively 
large prospective studies showed the benefit of 
adjuvant chemotherapy for gallbladder cancer, 
Edeline et al. reported a negative outcome with 
adjuvant chemotherapy [15]. They performed 
the PRODIGE 12-ACCORD 18-UNICANCER 
GI phase III trial with biliary tract cancer. They 
conducted a comparison between gemcitabine 
plus oxaliplatin (GEMOX) and observation. 

38 (19.6%) patients of gallbladder cancer were 
enrolled. In the final analysis, this study did not 
show any benefit of GEMOX in overall survival 
and recurrence free survival. Furthermore, the 
subgroup analysis showed gallbladder cancer 
became worse with GEMOX (HR 2.559, 95% 
CI 1.037–6.318). They explain the reason for 
this result with difference in tumor biology and 
sensitivity to GEMOX.

With regard to the controversial data of 
the prospective study, there are two available 
 meta-analyses. In 2012, Horgan et al. reported 
the first meta-analysis of adjuvant therapy for 
cholangiocarcinoma mostly with non-rand-
omized studies [16]. They evaluated 20 stud-
ies from 1960 to 2010. Even though they fail 
to show the benefit of adjuvant therapy in both 
cholangiocarcinoma and gallbladder cancer, 
there was a significant benefit of adjuvant ther-
apy with chemotherapy or chemoradiotherapy in 
margin-positive and/or node-positive diseases. 
In 2019, Karan et al. evaluated the benefit of 
adjuvant chemotherapy for cholangiocarcinomas 
including gallbladder cancer [17]. Thirty-five 
studies involving 42,917 patients were recruited 
for the analysis. For gallbladder cancer, 9 stud-
ies were included in the analysis. Compared 
with surgery only group, overall survival with 
any adjuvant chemotherapy showed significant 
improvement (HR 0.74, 95% CI 0.67–0.83). 
There were significant benefit in those with 
margin-positive surgeries (HR 0.83, 95% CI 

Table 2  Summary of adjuvant chemotherapy for gallbladder cancer

*NR, Not reported

References Study type Study arms Regimen OS or survival

Kayahara et al. [11] Retrospective Chemotherapy vs. Obser-
vation

NR* 5-year survival rate 33% 
versus 45% (p < 0.05)

Bergquist et al. [12] Retrospective Chemotherapy versus 
Observation

NR* In T2, 25 months versus 
28 months (p = 0.44)
In T3, 11 months versus 
8 months (p < 0.01)

Takada et al. [13] Prospective Chemotherapy versus 
Observation

5-FU/Mitomycin 5-year survival rate 27% 
versus 14% (p = 0.04)

Edeline et al. [14] Prospective Chemotherapy versus 
Observation

Gemcitabine/Oxaliplatin 76 months versus 
51 months (p = 0.74)

Primrose et al. [15] Prospective Chemotherapy versus 
Observation

Capecitabine 53 months versus 
36 months (p = 0.03)
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0.77–0.91) and node-positive diseases (HR 0.82, 
95% CI 0.76–0.89). And gallbladder cancer also 
showed the benefit of adjuvant chemotherapy 
(HR 0.78, 95% CI 0.66–0.92).

Conclusion

Neoadjuvant chemotherapy can be applied in the 
situation of locoregionally advanced gallbladder 
cancer. However, it is required to be more vali-
dated in terms of indications and the appropriate 
combination of drug. And furthermore, it should 
be evaluated what is the most appropriate thera-
peutic modality among chemotherapy, chemora-
diation, and radiation therapy alone.

Adjuvant chemotherapy for gallbladder can-
cer seems to be beneficial, especially in case of 
node-positive and/or resection margin-positive 
diseases. And gemcitabine or oral 5-FU like 
capecitabine can be considered as the chemo-
therapeutic agent for adjuvant chemotherapy. 
However, it should be more validated in terms 
of the most effective regimen and chemotherapy 
itself as the adjuvant treatment for gallbladder 
cancer.
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Introduction

Radiation therapy (RT) is a cancer treatment 
that can be used for almost all organ-derived 
cancers. RT has some outstanding features, one 
of which is the less invasive nature of the pro-
cedure. Thus, RT is often indicated as a cura-
tive treatment in elderly patients or patients with 
contraindications for surgery because of other 
illnesses or conditions.

RT technology has significantly pro-
gressed over the past decade. The most inno-
vative advance was the transition from a 
 two-dimensional to a three-dimensional (3D) 
treatment planning that was based on computed 
tomography (CT) images. This enabled us to 
understand the positional relationship among the 
tumors and normal organs within three dimen-
sions. In addition, adoption of a multi-leaf 
collimator (MLC) has proved useful in mak-
ing radiation fields fit the shape of the tumors, 
thereby leading to a significant reduction in the 
radiation dose to the normal tissues. Using these 
techniques, RT methods, which are referred to 
as 3D conformal radiation therapy (3D-CRT), 
were developed and widely used, thus becoming 

one of the most popular RT systems. With 
3D-CRT, patients can be more safely treated 
at higher doses as compared to previous treat-
ments, with the RT outcomes showing improve-
ment in several types of cancer.

Moreover, in 2000, a new technology called 
high-precision radiotherapy, which includes ste-
reotactic radiosurgery (SRS), stereotactic body 
radiotherapy (SBRT), intensity-modulated radio-
therapy (IMRT) and image-guided radiotherapy 
(IGRT), was developed. Using these techniques, 
tumors can be irradiated more precisely and 
selectively with higher doses without increasing 
adverse events.

Currently, however, it is well known that 
surgery is the first and only curative treatment 
choice for gallbladder cancer (GBC). Even so, at 
the time of diagnosis, this cancer is often unre-
sectable and even if it is resected, local recur-
rence without distant metastasis is frequent and 
local lesions are the most influential factors for 
prognosis [1]. In addition, even if the tumor is 
not resectable, the rate of distant metastasis at 
diagnosis has not been found to be that high 
[1]. Considering these together, adding RT as 
a modality of local therapy for GBC seems a 
reasonable strategy. Results of a retrospective 
analysis of queried information (2004–2013, 
n = 1,199) from the National Cancer Database 
(NCDB) on patients who had received chemo-
therapy or chemoradiotherapy for GBC without 
distant metastasis in the past showed that the 

https://doi.org/10.1007/978-981-15-6010-1_22
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median overall survival (OS) in the respective 
cohorts was 8.8 months (95% CI, 7.1–8.5) in 
the chemotherapy group and 12.9 months (95% 
CI, 11.0–14.7) in the chemoradiotherapy group 
(p = 0.001) [2]. In the univariate and multi-
variate Cox proportional hazards model for OS, 
the addition of RT to the CT was shown to be 
independently associated with a higher OS. 
Although, this retrospective data may carry a 
selection bias, that said, the data did suggest that 
the addition of local therapy may have improved 
the survival of patients with unresectable locally 
advanced GBC.

However, when using RT for GBC, it remains 
unknown whether the introduction of new treat-
ment techniques results in a sufficient advance-
ment in the treatments. This is because the 
incidence of GBC is low and these radiotherapy 
or chemoradiation treatment regimens have yet to 
be definitively established. More importantly, the 
gallbladder and surrounding organs are constantly 
moving with respiratory motion, which presents a 
specific barrier when trying to adopt high-preci-
sion radiotherapy, such as SBRT or IMRT.

Recently, there has been some initial research 
and development into the use of  four-dimensional 
radiotherapy, which is currently examining a new 
approach for solving the problems caused by 
movements of the target organs.

The current status and issues associated with 
RT for GBC, along with the development of new 
irradiation techniques, and new approaches are 
outlined in the text that follows.

High-Precision Radiotherapy

Stereotactic Body Radiotherapy 
(SBRT)

Stereotactic irradiation is a technique that irra-
diates a target three-dimensionally from multi-
ple directions with millimeter precision. It was 
originally developed as a dedicated machine 
with cobalt-60 radioactive sources designed 
for gamma ray irradiation for intracranial dis-
eases. However, SBRT using X-rays with a 

linear accelerator has recently been widely put 
into practice. The use of SBRT makes it possi-
ble to safely treat patients with very high doses 
exceeding 10 Gy per fraction, that we would 
normally expect to have a higher cytotoxic effect 
than conventional fractionated radiation therapy. 
In addition, we also expect this technique would 
be of greater benefit to patients, as reducing the 
number of treatments can lead to a reduction 
in the amount of time that the patients have to 
spend in the hospital.

Intensity-Modulated Radiotherapy 
(IMRT)

IMRT is a new technology of radiotherapy that 
allows the radiation dose intensity of a beam to 
be intentionally non-uniform by using a moving 
MLC with changing the shape of the radiation 
field very quickly over time during the irradia-
tion. One of the applied types of IMRT is volu-
metric-modulated arc therapy (VMAT) that can 
create a more conformal dose distribution by 
using a gantry that rotates once or twice when 
emitting the beam, along with changing the rota-
tion speed, dose rate, and shape of the radiation 
field. It is likely that the VMAT procedure will 
soon become mainstream, and help to make 
daily treatment times shorter than those now 
seen with IMRT.

With the adoption of IMRT or VMAT, it 
becomes possible to increase the dose gradually 
within the target volume or selectively increase 
the dose only to the tumor without increasing 
the dose to the normal organs that are located 
close to the tumor (Fig. 1).

Image-Guided Radiotherapy (IGRT)

IGRT is a treatment that uses collation technol-
ogy that measures and corrects the displacement 
of the patient’s position three-dimensionally and 
then reproduces the set-up position as deter-
mined in the treatment plan as much as possible 
over the entire course of the RT [3].
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One of the most basic and standard systems 
that has recently been installed on most lin-
ear accelerators in use is a system that acquires 
an image using a kV-based X-ray radiography 
device that is mounted on a treatment delivery 
apparatus and performs two-dimensional guid-
ance in accordance with the bone structure. 
In addition, linear accelerators that have been 
equipped with imaging systems that can acquire 
CT images (cone beam computed tomography: 
CBCT) while rotating kV (or MV) X-ray tubes 

and detectors have quickly become the stand-
ard RT equipment. By using these systems, it 
becomes possible to determine the 3D position 
of the soft tissues (tumors and organs at risk) 
and then precisely collate them with the position 
originally observed on the planning CT imaging 
after the patient has once again been placed on 
the treatment table. Furthermore, there are other 
systems that have been developed and which are 
being used clinically that can track the position 
of the markers placed close to the tumor.

Fig. 1  Differences in dose distribution between IMRT (a) and 3D-CRT (b) in the treatment of gallbladder can-
cer: the irradiated volume of the liver and intestinal tract is much smaller in IMRT, as compared with 3D-CRT  
planning
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These dedicated devices for IGRT make it 
possible to pursue highly conformal dose distri-
butions with higher dose prescriptions.

Significance of Intervention of RT 
in GBC

Role of RT for Unresectable GBC

Currently, there are no established standard treat-
ments that can be used for unresectable GBC. In 
general, chemoradiotherapy is an option, just as 
it has been used for bile duct cancer. However, 
because of the very small number of patients 
with GBC, there have yet to be any large stud-
ies that have reported on the optimal radiation 
doses or chemoradiation regimens [4, 5]. At the 
present time, conventionally fractionated radio-
therapy (50.4 Gy in 28 fractions to 60 Gy in 30 
fractions) combined with concurrent 5-fluoro-
uracil (5-FU)-based chemotherapy is suggested 
based on the data and results collected during the 
treatment of bile duct cancer. However, it was 
reported in a retrospective review of 52 patients 
with unresectable biliary cancer treated with 
definitive chemoradiotherapy [6] that the first 
site of disease progression was local in 72% with 
an actuarial local progression rate at 12 months 
of 59%. The median time to radiographic local 
progression was 9, 11, and 15 months in 27 
patients who received a total dose of 30 Gy, 14 
patients who received 36–50.4 Gy, and in 11 
patients who received 54–85 Gy, respectively. 
These results suggest that higher doses of RT 
may improve local control, although the statis-
tical power of this study was limited due to the 
small number of patients. GBC is particularly 
difficult to detect early, and at the time of diag-
nosis, it usually has invaded the liver and often 
has a considerable tumor diameter. As the tumor 
size increases, radiosensitivity tends to decrease. 
Thus, the notion that higher doses for locally 
advanced GBC are needed is easily supported by 
these observations.

In recent years, there have been attempts to 
deliver large ablative doses with hypofractiona-
tion using SBRT or IMRT. In 2015, a retrospective 

dose response analysis of 79 patients with inoper-
able intrahepatic cholangiocarcinoma who were 
treated with definitive RT between 2002 and 2014 
was undertaken [7]. In this report, the 3-year OS 
rate for patients receiving ablative doses (67.5 Gy 
in 15 fractions or 75 Gy in 25 fractions) was 73% 
versus 38% as compared to those receiving lower 
doses (50.4 Gy in 28 fractions, 58.05 Gy in 15 
fractions, or 60 Gy in 30 fractions) (p = 0.017).

However, the gallbladder is in close prox-
imity to radiation-sensitive organs that are at 
high risk, such as the intestinal tract and, in 
some cases, the right kidney. In addition, the 
position of these organs is constantly chang-
ing due to respiration and/or bowel peristalsis. 
In order to ensure not only the accuracy of the 
treatment but also the reduction of the treat-
ment-related adverse events, it is strongly rec-
ommended that the exact position of the tumors 
in each treatment be known, that is, using 
IGRT. Moreover, for liver tumors, it is always 
necessary to be careful with regard to the liver 
function. For example, in SBRT, the dose con-
straints for an average dose in a normal liver 
(non-tumor part) are recommended to be lim-
ited to 13–15 Gy (less than 6 Gy in patients 
with Child–Pugh B), while a normal liver with 
a critical volume ≥ 700 ml should be irradiated 
less than 15 Gy [8]. The safety of SBRT for  
Child–Pugh C patients has yet to be established.

Role of Adjuvant Radiation Therapy 
After Resection

Since many of the recurrences after resection 
occur locally, a number of studies have exam-
ined whether radiation and/or chemoradiation 
therapy after resection can reduce the relapse 
rate or prolong survival. However, to date, the 
effects of adjuvant RT with or without chemo-
therapy have not been clarified. Even if it is 
beneficial under certain conditions, it has yet 
to be established as to which patients would be 
potential candidates for adjuvant radiotherapy/
chemoradiotherapy.

A retrospective review of a prospective data-
base of 157 patients who underwent resection 
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for biliary tract cancer, which included 63 GBC 
patients, demonstrated that neither neoadjuvant 
nor adjuvant therapy significantly prolonged the 
survival [9]. In this study, early surgical resec-
tion with more than 1 cm tumor-free margins 
was associated with improved probability of sur-
vival, which indicates that adjuvant local thera-
pies are not always necessary in certain clinical 
conditions. Park et al. retrospectively evaluated 
the outcome of adjuvant therapy in 61 patients 
with stage II GBC, in which 28 patients received 
chemotherapy, 7 received RT, 8 received concur-
rent chemoradiotherapy, and 18 received sur-
gery alone. Results showed that there was no 
evidence that adjuvant therapy was an effective 
treatment option [10].

On the other hand, several retrospective stud-
ies have suggested that adjuvant chemoradiation 
therapy might be associated with improved sur-
vival of GBC patients (Table 1) [11–14]. When 
using a multi-institutional national database in the 
US to evaluate the role of adjuvant therapies and 
subsequent outcomes in 291 patients undergoing 
curative-intent surgical resection, except for those 
with metastasis or an R2 margin, results showed 
there was significant improvement in 61 patients 
who received chemotherapy and in 44 who 
received chemoradiotherapy [12]. To minimize the 
confounding error due to the indication for treat-
ments, multivariable and propensity-matched anal-
yses were performed. These results showed that 
the adjuvant therapies remained independently 
associated with improved long-term outcomes, 
especially among patients with high-risk features 
including T3/T4 tumors and N1 disease. The 
hazard ratio (HR) of the OS was 0.38 and 0.26  
(p < 0.001) for the chemotherapy and chemo-
radiotherapy, respectively. Similar results were 
observed for the disease-free survival (DFS) 
(chemotherapy HR 0.61 and chemoradiation 
therapy HR 0.43, p < 0.05), when compared with 
surgery alone. In the latest analyses of the NCDB 
that were conducted between 2004 and 2011, the 
outcome of 4775 patients with T2-3 or node-pos-
itive, nonmetastatic GBC, resected with grossly 
negative margins were evaluated [13]. The results 
for the inverse probability of treatment weighting 
analysis that was performed in order to minimize 

the treatment-related bias showed that adjuvant 
concurrent chemoradiation for T3 or node-positive 
disease had a modest early survival advantage, 
with an absolute difference at 2 years of 6.8%  
(p = 0.009). In 2018, a meta-analysis was per-
formed to clarify the role of adjuvant radiother-
apy [15]. This study examined 14 retrospective 
studies that included 9364 patients who met the 
criteria, although most of these had some risk of 
participant selection bias. Results showed that the 
RT group had a tendency to have more patients 
with unfavorable characteristics than the sur-
gery alone group. Nevertheless, the findings of 
this study showed that RT significantly reduced 
the risk of death (HR 0.54; 95% CI 0.44–0.67; 
p < 0.01) and recurrence (HR 0.61; 95% CI 
0.38–0.98; p = 0.04) compared with surgery 
alone. Furthermore, exploratory analyses dem-
onstrated a survival benefit from RT for high-risk 
patients with lymph node-positive diseases (HR 
0.61; p < 0.001) and R1 resections (HR 0.55;  
p < 0.001).

Although there are few prospective studies 
that have been conducted, a phase II trial [11] 
that was performed by the Southwest Oncology 
Group enrolled 54 patients with cholangiocar-
cinoma and 25 patients with GBC and reported 
that the 2-year OS that was used as the primary 
endpoint was 56% in GBC. The local recurrence 
in this study was 8% in GBC, while the 2-year 
DFS was 48%, and the rate of distant metasta-
sis at 2 years in patients with cholangiocarci-
noma was similar to that in patients with GBC. 
These results suggest local therapy when used as 
an adjuvant setting for GBC might be beneficial 
similar to that seen for cholangiocarcinoma.

How to Select the Candidates 
for Adjuvant Radiation Therapy?

The analysis of the surgical management 
of GBC based on one of the largest  multi- 
institutional databases in the US showed that 
adjuvant chemotherapy or chemoradiotherapy 
was utilized in 36% of patients [12].

To identify potential candidates for adju-
vant radiotherapy, the patterns of initial failure 
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Table 1  Summary of clinical investigations of radiotherapy with or without chemotherapy in adjuvant settings

SWOG: Southwest Oncology Group, NCDB: National Cancer Database
GBC: gallbladder cancer, EHCC: extrahepatic cholangiocarcinoma, Adj: adjuvant, CT: chemotherapy,  
RT: radiotherapy, CRT: chemoradiotherapy, 5-FU: 5-fluorouracil, LN: lymph node
OS: overall survival, DFS: disease-free survival, PF: prognostic factors, fr: fractions
3D-CRT: three-dimensional conformal radiotherapy, IMRT: intensity-modulated radiotherapy

References and 
year of publi-
cation

Study design Number of 
patients

Clinical stage Radiotherapy Concurrent  
chemotherapy

Outcomes

Park et al. 
(201010)

Retrospective 61 GBC
(CT: 28, RT: 7,  
CRT: 8)

IIB 45 Gy 
(36–50 Gy)
tumor bed and 
local-regional 
LNs

5-FU 3y-OS  
(CT: 78%,  
RT: 36%, CRT: 
36% versus non 
adj: 64%, p = 
0.180), 3y-DFS  
(CT: 69%,  
RT: 14%, CRT: 
47% versus non 
adj: 56%, p = 
0.033)

Ben-Josef et al. 
(201511)

Phase II inter-
group trial
(SWOG 
S0809)

EHCC 54, 
GBC 25

GBC (n = 25)
II: 9, IIIA: 6, 
IIIb: 8, IV: 2

3D-CRT or 
IMRT
regional LNs: 
45 Gy/25 fr
tumor bed: 
54 Gy/30 
fr–59.4 Gy/33 
fr

Capecitabine 
(after gemcita-
bine + capecita-
bine)

GBC (2y-OS 
56%, 2y-DFS 
48%, local 
recurrence 8%)

Kim et al. 
(201612)

Retrospective
multi-instituti-
onal analysis

291 GBC
(non Adj: 186, 
CT: 61,  
CRT: 44)

T2: 46.2%,  
T3: 38.6%
LN metastasis: 
37.8%

N/A N/A 1y-OS: 76.7%, 
3y-OS: 42.2%, 
5y-OS: 33.0%,
OS (CT, HR 
0.38; CRT, HR 
0.26; p < 0.001)
DFS (CT, HR 
0.61; CRT, HR 
0.43; p < 0.05)

Mantripragada 
et al. (201713)

Retrospective
NCDB

4775 GBC
Adj CT 1373 
(CRT 646)

T2-3 or LN 
positive

Median total 
dose
50.4 Gy 
(45–54 Gy)

N/A 3y-OS 39.9% 
(Adj CT/CRT, 
HR 1.01)

Gold et al. 
(200914)

Retrospective 73 GBC
Adj CRT 25

I (T1-2N0M0): 
59%
II (T3N0M0 or 
T1-T3N1M0): 
41%

Median total 
dose
50.4 Gy/28 fr

5-FU mOS: Adj CRT 
4.8y versus  
non Adj 4.2y  
(p = 0.56)
(HR 0.3,  
p = 0.004 after 
adjusting PF)
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in 70 patients who underwent curative-intent 
surgery between 2000 and 2016 were evalu-
ated [16]. Adjuvant chemotherapy with 5-FU, 
gemcitabine, cisplatin, or capecitabine with 
a single or combination regimen was admin-
istered to 19 patients (27.1%), although there 
were no patients that received adjuvant RT. All 
the patients who underwent R2 resection and/or 
patients with ≥ T2 disease who did not undergo 
radical resection after a previous simple chol-
ecystectomy were excluded in this study. After 
these exclusions, the 1-year OS was 84.5%, 
while the 3-year OS was 61.4%. Locoregional 
recurrence, which was defined as the first fail-
ure of any component, occurred in 29 patients 
(41.4%), with relapse at the locoregional area 
without concomitant distant metastasis observed 
in 13 patients (18.6%). Independent prognostic 
factors for locoregional recurrence were ≥ T2 
disease (HR, 5.510; 95% confidence interval 
[CI], 1.260–24.094; p = 0.023) and R1 resection 
(HR, 6.981: 95% CI, 2.387–20.491; p < 0.001). 
The authors of this study concluded that patients 
with pT2 disease or R1 resection might benefit 
from adjuvant radiotherapy.

Wang et al. suggested using a nomogram 
built from a parametric survival model from the 
SEER-Medicare database for predicting the ben-
efit of adjuvant chemoradiotherapy for resected 
GBC [17]. Based on this nomogram, certain 
subsets of patients with at least T2 or N1 dis-
ease may gain a survival benefit from adjuvant 
chemoradiotherapy.

Routine Practices and the Use of RT 
for GBC

As previously described, RT is considered to be 
a local treatment for locally advanced GBC, as 
it can contribute to not only relief of symptoms, 
but also to prolongation of the survival period 
in a certain proportion of patients. However, 
normal organs, such as the duodenum and 
large intestine, which are in close proximity, 
are highly radiosensitive and prone to adverse 
events. Thus, this often makes it difficult to 
treat with sufficient doses for tumor control. 

Furthermore, although the development of stere-
otactic irradiation has enabled high-dose irradia-
tion, efforts to minimize the effects of radiation 
on the liver parenchyma will always be required 
when the tumor diameter increases.

Currently, the use of 3D treatment planning 
systems makes it possible for radiation oncolo-
gists to recognize the dose distribution as organ 
volume. These dose–volume data have been 
accumulated for various parameters being able 
to predict tumor control and adverse events dur-
ing the treatment planning [18].

In the text that follows, we present an out-
line of an actual radiation treatment planning 
method.

Radiation Treatment Planning for GBC

The International Commission on Radiation 
Units and Measurements (ICRU) defined some 
target volumes in Report 50 in 1993 [19]. These 
were well suited for conformal radiotherapy, and 
further refined in the definition stated in Report 
62 in 1999 [20], which expanded upon the con-
cepts presented in Report 50. Currently, we are 
conducting dose assessments of tumors and sur-
rounding organs in line with the definitions of 
both Reports 50 and 62.

First, gross tumor volume (GTV) is defined 
as a tumor that is visible either directly or on 
images such as CT and MRI. GTV also includes 
metastatic lymph nodes. The clinical target 
volume (CTV) is the volume that includes the 
extent of the microscopic tumor growth, which 
is defined based on the assumption that the 
tumor cells exist outside the gross range patho-
logically. While the GTV is usually added with 
a margin of about 5 to 10 mm as CTV, this mar-
gin is often increased or decreased based on the 
clinical decision according to the tumor inva-
siveness or histotropic affinity. In cases of adju-
vant RT after complete resection, the gallbladder 
fossa should be defined as the CTV.

Depending on the types of cancer, the area 
of the regional lymph nodes may be added to 
the CTV as an elective nodal irradiation (ENI). 
However, there has yet to be any research that 
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has established the benefits of ENI for regional 
LNs for GBC. Kim et al. evaluated initial 
recurrence patterns in patients who underwent 
curative-intent surgery [16]. Based on their 
results, they suggested that LNs of the caudal 
half-hepatoduodenal ligament, on the posterior 
surface of the pancreatic head, along the com-
mon hepatic artery, around the celiac artery, and 
around the abdominal aorta between the origin 
of the celiac artery and the origin of the inferior 
mesenteric artery should be included in the CTV 
with regard to the adjuvant radiotherapy setting. 
However, they said in their report, “they should 
be included, assuming that the target volume 
includes regions with a recurrence frequency 
of 10% or more”. In fact, the larger the irradia-
tion field is, the more attention that needs to be 
paid to the effects on normal organs, especially 
on the intestines. The benefits and disadvantages 
need to be weighed by comparing the expected 
effects with the possible adverse events. As 
for unresectable locally advanced GBC, one 
method that is used is to irradiate the primary 
tumor with the area of ENI with 40–50 Gy and 
followed by a boost of 10–20 Gy to the visible 
tumor alone. However, it remains controver-
sial as to how much survival benefits ENI can 
provide when it is difficult to control the pri-
mary tumor itself. Thus, omitting ENI helps to 
minimize the adverse effects on the surround-
ing organs and, thereby, makes it possible to 
increase the dose to the primary tumor. This 
might be a more reasonable strategy.

Once the CTV is determined, the irradiation 
field for administering the prescribed dose can 
be set. However, CTV does not include uncer-
tainties that could occur during irradiation, 
such as patient movements and organ motion. 
Therefore, additional margins need to be added 
to ensure that the target dose is delivered to the 
CTV. Currently, the margin added to the CTV 
is defined as an internal margin (IM), and the 
volume obtained by adding the IM to the CTV  
is defined as an internal target volume (ITV). 
In addition, a set-up margin (SM) is estab-
lished in order to compensate for the uncertainty  

of the patient position reproducibility that may 
occur throughout the period from the time of 
treatment planning to the end of the treatments. 
The volume obtained by adding the IM and 
SM to the CTV is considered to be the volume 
which the prescribed dose is to be adminis-
tered, and thus, is defined as the planning target  
volume (PTV).

Challenges of Radiation Therapy for 
Abdominal Tumors with Motion

Setting the PTV in conjunction with the addi-
tion of the IM and SM ensures that the CTV 
will be covered by sufficient doses. However, 
the PTV will contain a significant amount of 
volume of normal organs, which can result in 
adverse events. The above-mentioned IGRT is 
a useful method for suppressing the SM, and is 
an indispensable technique for securing safety 
especially when a single dose is large, such as 
in stereotactic irradiation. At the present, vari-
ous IGRT methods have been developed and 
mounted on therapeutic devices, and are being 
studied for each facility or individual cases.

However, a major problem that needs to be 
solved in the abdominal region involves the res-
piratory motion, which is the largest component 
of the IM. Analysis from fluoroscopic, ultra-
sonographic, MRI studies, and  four-dimensional 
computed tomography (4D-CT), which recon-
structs images for each respiratory phase, has 
shown that the peak-to-peak magnitude of res-
piratory motion of abdominal organs was as 
large as 20–30 mm [21–27]. In an organ having 
a large motion due to respiration, this means a 
large IM must be set, which also can have a seri-
ous effect on normal organs, and thus, may pos-
sibly affect the outcome of the treatments.

Furthermore, range and path of intrafrac-
tional tumor motion or breathing rhythms may 
change during radiation therapy. If such changes 
cannot be managed in real time, the accuracy 
of the radiation therapy cannot be ensured 
[28]. IMRT, which can create an ideal dose 
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distribution, is considered to be particularly 
advantageous in the liver and gallbladder, where 
highly radiosensitive normal organs such as the 
intestinal tract, kidney, and lung are close to 
each other. However, the interplay between the 
motion of the MLC and the motion of the targets 
or surrounding organs can create unexpected 
high or low dose areas. This means that the use 
of IMRT could lead to a decrease in the local 
control rate and/or an increase in adverse events 
in areas with respiratory motion [29]. In fact, 
this is one of the reasons why IMRT still does 
not play a large role in the treatment of GBC.

At the present time, there have been many 
attempts made to address these respiratory 
motion issues. Methods that have been used 
for a relatively long time include forced shal-
low breathing by abdominal compression with 
some restrictive devices placed above or around 
the abdomen or chest or active breathing control 
(ABC) using a special device to control breathing 
movement [30]. In addition, four-dimensional 
radiation treatment systems in which a time axis 
has been added to conventional 3D radiation 
treatments have been developed and applied clin-
ically. These include the  breath-hold irradiation 
method, tumor-tracking systems or respiratory-
gated irradiation systems. With regard to the res-
piratory-gated irradiation method, several devices 
have been developed and investigated in the 
lung, liver, pancreas, and some thoracoabdomi-
nal organ tumors, for example, with a sensor 
attached to the body surface in order to moni-
tor the abdominal or chest wall displacement. 
With this type of sensor, the abdominal or chest 
motion signals are captured as respiratory signals 
in order to substitute or predict tumor motion in 
the body. As for  tumor-tracking systems, some 
devices have been developed that can monitor the 
motion of the fiducial markers implanted close 
to the tumors in the body or the tumor itself in 
real time, with previous results showing these to 
be effective strategies when trying to compensate 
for respiratory tumor motion [31–34]. After the 
introduction of these systems, new developments 
for the use of RT in abdominal organ malignan-
cies are expected.

Quality Assurance (QA)

In high-precision RT, we usually perform 
patient-specific quality assurance (QA) to verify 
the feasibility of a treatment plan. One common 
QA method for RT involves using irradiation 
based on a treatment plan that is performed on a 
phantom, followed by a subsequent verification 
that confirms there is no difference between the 
radiation dose measured by a dosimeter inserted 
in the phantom and the calculated value at the 
time of treatment planning. The phantom, which 
is a model that simulates the human body as a 
tissue equivalent to water, is designed so that 
it can be used to estimate the absorbed dose of 
radiation in the human body.

In tumor-tracking RT cases, further accu-
racy is required, and special QA is needed. One 
method that can be used is to obtain the tumor 
respiratory motion log file from the track-
ing devices in each patient that is loaded into a 
motion phantom. This is a device that can replay 
the movement of the tumor accompanying the 
respiratory motion of the human body [35]. 
Thus, the planned tumor-tracking irradiation 
is performed on the motion phantom, with the 
point dose determined by the ionization chamber 
dosimeter and the dose distribution on the film 
then measured. As a result, the prescribed dose 
and the measured value can then be compared 
and verified.

In recent years, researchers have advocated 
for the development of a motion phantom that 
can more accurately and three-dimensionally 
reproduce the movement of a tumor.

Conclusion

The role of RT is primarily a local treatment 
for unresectable GBC or adjuvant therapy after 
surgery. Although clinical studies to establish 
definitive treatment regimens of RT or chemora-
diotherapy have not been performed, retrospec-
tive promising results have been reported and 
recurrence patterns of GBC suggest local control 
with ablative radiotherapy doses is a reasonable 
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strategy even for unresectable advanced GBC. 
RT technology has significantly progressed over 
past decade. Creation of more sophisticated irra-
diation systems for high-precision RT such as 
SBRT, IMRT, and IGRT has made it possible to 
deliver higher radiation doses with higher con-
formity, and furthermore they have combined 
with new technologies that can respond to organ 
motion. Therefore, the role of RT for GBC is 
expected to significantly change in the future.
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Patterns of Recurrence 
and Its Effective 
Treatment

Junji Furuse

Introduction

Gallbladder cancer is classified in biliary tract 
cancer, which also includes biliary duct and 
ampulla of Vater cancers. Most of gallbladder 
cancer is pathologically classified to adeno-
carcinoma. In the Japan national survey, tumor 
stage of gallbladder cancer was classified 
Stage I (19.8%), Stage II (29.4%), Stage IIIA 
(13.8%), Stage IIIB (14.4%), and Stage IVA 
(3.9%). Stage IVB (18.6%), by the classifica-
tion of biliary tract cancers Japanese Society of 
 Hepato-Biliary-Pancreatic Surgery: 3rd English 
edition [1, 2]. Thus, more than 20% patients 
with gallbladder cancer are diagnosed as 
advanced stage of Stage IVA, locally advanced 
disease (T4) with tumor invasion to the celiac 
axis, common hepatic artery, or superior mes-
enteric artery, or Stage IVB, metastatic disease. 
The prognosis in patients with advanced gall-
bladder cancer is still poor, especially the 5-year 
survival rate in stage IV is less than 10% [1].

While surgery remains the only poten-
tially curative treatment, the curative resection 
rate remains low. Most patients, furthermore, 
develop recurrence even after curative surgery. 

Therefore, it is required to establish effective 
systemic treatments including chemotherapy to 
improve the prognosis.

Patterns of Metastases 
and Recurrence of Gallbladder Cancer

Spread patterns of gallbladder cancer was clas-
sified as (1) lymphatic, (2) vascular, (3) intra-
peritoneal seeding, (4) neural, (5) intraductal, 
or (6) by direct extension [3]. Barreto et al. [4] 
reported the spread patterns in patients who 
underwent re-resection for incidental gallbladder 
cancer. 127 of 163 patients underwent success-
ful radical re-resection for incidental gallblad-
der cancer detected by cholecystectomy. The 
remaining 36 patients had evidence of meta-
static disease, 21 (58%) of peritoneal or omen-
tal deposits (peritoneal seeding), 13 (36%) of 
extensive lymph node, 8 (22%) of extensive 
local liver infiltration (direct extension), 7 (19%) 
of distant liver metastases plus port-site invasion 
due to liver metastases (vascular).

In a phase III trial of systemic chemother-
apy comparing gemcitabine (GEM) plus S-1 
with GEM plus cisplatin conducted by Japan 
Clinical Oncology Group (JCOG), lymph nodes, 
liver, and peritoneum were identified as major 
metastatic sites of gallbladder cancer (unpub-
lished data). Although there are some differ-
ences in spread patterns by primary tumor sites, 
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As a result, chemotherapy using fluorouracil 
(FU) plus leucovorin or FU plus leucovorin plus 
etoposide demonstrated the prolongation of sur-
vival was compared with supportive care group 
[5]. In only the patients with biliary tract cancer, 
no significant difference in survival between the 
two groups was noted, due to the small number 
of patients (n = 37), and the survival in the two 
groups was similar (6.5 months in the chemo-
therapy group and 2.5 months in the supportive 
care group; P = 0.1). Sharma et al. [7] conducted 
a comparative study of GEM plus oxaliplatin 
(GEMOX) or FU/folinic acid (FA), comparing 
with the best supportive care in patients with 
unresectable gallbladder cancer. The GEMOX 
yielded statistically significantly higher response 
rate, progression-free survival, and overall sur-
vival as compared with both FU/FA chemother-
apy and best supportive care.

lymphatic, liver via vascular, and peritoneal 
seeding are major metastatic ways in biliary 
tract cancer (Table 1).

Treatment Strategy for Metastatic 
Disease and Recurrence

Chemotherapy and/or radiotherapy are applied 
to unresectable diseases including metastatic 
disease and recurrence of gallbladder can-
cer, according to tumor condition. To assess 
the efficacy of chemotherapy in patients with 
advanced biliary tract cancer, some small ran-
domized controlled trials (RCTs) comparing it 
with supportive treatment alone have been con-
ducted (Table 2) [5–7]. Glimelius et al. reported 
a comparative study between chemotherapy 
and supportive care in patients with unresect-
able pancreatic cancer and biliary tract cancer. 

Table 1  Metastatic sites in patients with unresectable biliary tract cancer who were enrolled in the JCOG 1113 study

JCOG, Japan Clinical Oncology Group

Intrahepatic (n = 80) Hilar (n = 42) Distal (n = 19) Gallbladder (n = 125) Ampulla 
(n = 10)

With metastasis 61 18 17 107 10

Metastatic site

Liver – 8 (44.4%) 6 (35.3%) 51 (47.7%) 5 (50%)

Lymph nodes 49 (80.3%) 11 (55.6%) 11 (64.7%) 75 (70.1%) 6 (60%)

Lung 12 (19.7%) 1 (5.6%) 4 (23.5%) 12 (11.2%) 0

Peritoneum 17 (27.9%) 3 (16.7%) 1 (5.9%) 25 (23.4%) 1 (10%)

Others 13 (21.3%) 1 (5.6%) 2 (11.8%) 9 (8.4%) 0

Table 2  Randomized controlled trials between chemotherapy and supportive care in patients with unresectable  
biliary tract cancer

OS, overall survival; FU, fluorouracil
aonly patients with gallbladder cancer

n Median OS P-value Author (year)

FU/leucovorin or FU/leucovorin/etoposide 47 6.0 months <0.01 Glimelius (1996) 
[5]Supportive care 43 2.5 months

FU/doxorubicin/mitomycin C 42 4.96 months 0.283 Takada (1998) [6]

Control 41 4.7 months

Gemcitabine/oxaliplatin 27a 9.5 months 0.039 Sharma (2010) [7]

FU/folinic acid 28a 4.6 months

Best supportive care 27a 4.5 months
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On the other hand, some clinical trials using 
chemoradiotherapy or radiotherapy have con-
ducted, but the efficacy of radiotherapy or chem-
oradiotherapy has not been confirmed, compared 
with chemotherapy alone. Phelip et al. [8] 
reported that chemotherapy using GEMOX dem-
onstrated better progression-free survival (PFS) 
and overall survival (OS) in patients with locally 
advanced biliary tract cancer including gallblad-
der cancer, compared with chemoradiotherapy in 
a small randomized phase II study; the median 
PFS and OS were 11.0 months and 19.9 months 
in chemotherapy arm and 5.0 months and 
13.5 months in chemoradiotherapy arm, respec-
tively. Pollom et al. [9] reported that no differ-
ence in OS in patients with unresectable biliary 
tract cancer by radiotherapy was shown in evalu-
ation using the SEER-Medicare database; the 
median OS was 10.0 months in radiotherapy 
group and 9.3 months in  non-radiotherapy 
group. Thus, to date, the role of radiation ther-
apy remains unclear in the treatment of locally 
advanced but non-metastatic biliary tract cancer 
including gallbladder cancer [10].

Thus, chemotherapy demonstrated the pro-
longation of survival in patients with unre-
sectable biliary tract cancer, some guidelines 
recommended systemic chemotherapy as the 
first treatment of choice for unresectable biliary 
tract cancer [10–12].

Chemotherapy for Gallbladder Cancer

Although chemotherapy achieves the prolonga-
tion of the survival compared with supportive 
care, no standard chemotherapy was not estab-
lished until a phase III trial comparing GEM 
plus cisplatin with GEM alone  (ABC-02) dem-
onstrated statistically significant longer sur-
vival. A randomized phase II and phase III 
trials (ABC-01, 02) comparing gemcitabine 
alone with gemcitabine plus cisplatin were con-
ducted in the UK. The ABC-01 demonstrated 
superior 6-month progression-free survival 
(57.1% versus 45.5%) with acceptable toxic-
ity in the gemcitabine 1000 mg/m2 plus cispl-
atin 25 mg/m2 group as compared with that in 

the gemcitabine 1000 mg/m2-alone group [13]. 
Furthermore, the ABC-02 revealed a statistically 
significant improvement in the overall survival 
in the gemcitabine plus cisplatin group as com-
pared with that in the gemcitabine-alone group 
(Table 3) [14]. The BT22 trial was conducted 
in parallel with the ABC-02 in Japan, and simi-
lar results to those of the ABC-02 were dem-
onstrated in Japanese patients with biliary tract 
cancer (Table 3) [15]. Thus, chemotherapy using 
GEM plus cisplatin (GC therapy) has been rec-
ognized as a standard of care for unresectable 
biliary tract cancer.

Biliary tract cancer includes cholangiocarci-
noma, gallbladder cancer, and ampullary cancer, 
and it was often controversial whether the effi-
cacy of chemotherapy was different by primary 
tumor site in biliary tract cancer. A  meta-analysis 
of two randomized trials of individual patient-
level data, the ABC-02 and BT22 to confirm 
the efficacy of the GC therapy and carried out 
exploratory subgroup analyses. As a result, GC 
therapy resulted in improved PFS and OS for 
intra- and extra-hepatic cholangiocarcinomas, 
gallbladder cancer, and ampullary cancer [16].

Although various combinations of chemo-
therapy with GC therapy or GEMOX have 
been investigated, no regimen demonstrated 
survival benefits over GC therapy or GEMOX 
until recent phase III trials reported from 
Japan (Table 3). Two-phase IIII trials have 
demonstrated to meet the primary endpoint 
of overall survival in patients with unresect-
able biliary tract cancer. The FUGA trial 
(JCOG1113), which compared GEM plus S-1 
(GS therapy) with the GC therapy, demon-
strated  non-inferiority of the GS therapy to the 
GC therapy in OS [23]. The MITSUBA trial 
(KHBO1401), which compared S-1 addition 
on the GC therapy regimen (GCS therapy) with 
the GC therapy, demonstrated superiority of 
the GCS therapy to the GC therapy in OS [24]. 
Thus, The GS and GCS therapies are also alter-
native treatment options for unresectable biliary 
tract cancer in Japan.

Since most patients who received the 
 first-line chemotherapy of GC therapy have dis-
ease progression, development of a second-line 
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Table 3  Randomized controlled trials of chemotherapy for unresectable biliary tract cancer

PFS, progression-free survival; OS, overall survival; CI, confidence interval
a90%CI; bnon-inferiority
Part IV Current issues
IV-1 Polypoid lesions and wall thickening of the gallbladder

Regimen n Response rate 
(%)

Median PFS Median OS Hazard ratio 
(95% CI)

p-value
Author (year)

Gemcitabine 44 22.6 4.0 months – – – Valle et al. 
(2010) [13]Gemcitabine/

cisplatin
42 27.8 8.0 months – –

Gemcitabine 206 15.5 5.0 months 8.1 months 0.64
(0.52–0.80)

<0.001 Valle et al. 
(2010) [14]Gemcitabine/

cisplatin
204 26.1 8.0 months 11.7 months

Gemcitabine 42 11.9 3.7 months 7.7 months 0.69
(0.42–1.13)

– Okusaka et al. 
(2010) [15]Gemcitabine/

cisplatin
41 19.5 5.8 months 11.2 months

Gemcitabine/oxa-
liplatin

133 16 4.2 months 9.5 months 0.93
(0.69–1.25)

0.611 Lee et al. (2012) 
[17]

Gemcitabine/oxa-
liplatin/erlotinib

135 30 5.8 months 9.5 months

S-1 50 17.4 4.2 months 9.0 months 0.859
(0.543–1.360)

0.52 Morizane et al. 
(2013) [18]Gemcitabine/S-1 51 36.4 7.1 months 12.5 months

Gemcitabine/oxa-
liplatin

74 23 5.5 months 12.4 months – – Malka et al. 
(2014) [19]

Gemcitabine/oxa-
liplatin/cetuximab

76 24 6.1 months 11.0 months

Gemcitabine/oxa-
liplatin

60 15 4.1 months 9.8 months – 0.91 Chen et al. 
(2013) [20]

Gemcitabine/oxa-
liplatin/cetuximab

62 27 6.7 months 10.6 months

Gemcitabine/
cisplatin

62 19 7.4 months 11.9 months 0.86
(0.58–1.27)

0.44 Valle et al. 
(2015) [21]

Gemcitabine/cis-
platin/cediranib

62 44 8.0 months 14.1 months

Gemcitabine/oxa-
liplatin

44 18.2 4.4 months 10.2 months 0.83
(0.53–1.3)

0.42 Leone et al. 
(2016) [22]

Gemcitabine/
oxaliplatin/panitu-
mumab

45 26.7 5.3 months 9.9 months

Gemcitabine/
cisplatin

175 32.4 5.8 months 13.4 months 0.95
(0.78–1.15)a

0.046b Morizane et al. 
(2019) [23]

Gemcitabine/S-1 179 29.8 6.8 months 15.1 months

Gemcitabine/
cisplatin

123 15.0 5.5 months 12.6 months 0.791
(0.628–0.996)a

0.046 Sakai et al. 
(2018) [24]

Gemcitabine/cis-
platin/S-1

123 41.5 7.4 months 13.5 months
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Immune checkpoint inhibitors have recently 
been demonstrated to prolong the survival in 
patients with various advanced cancers. Two 
types of immune checkpoint inhibitors, namely, 
anti-cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4) antibody and anti-programmed 
cell death (PD)-1 or PD ligand 1 (PD-L1) anti-
body, have been developed and been adminis-
tered as monotherapy or combination therapy. 
Nivolumab, anti-PD-1 antibody, was investi-
gated as monotherapy in patients previously 
treated with GEM-based chemotherapy in 
monotherapy cohort, and in combined therapy 
cohort with the GC therapy in the first-line in 
biliary tract cancer; 30 patients were treated in 
each cohort. Only one patient had response to 
nivolumab in the monotherapy cohort, but the 
patient had Lynch syndrome, which is charac-
terized by high microsatellite instability status. 
The objective response rate was 37%, median 
PFS was 4.2 months, and median OS was 
15.4 months in the combined therapy cohort 
[28]. Analysis of PD-L1 expression in tumor 
or tumor-associated immune cells suggested a 
possible relationship between PD-1 expression 
and response to anti-PD-1 antibody treatment 
in patients with advanced biliary tract cancer. 
Various clinical trials of anti-PD-1 or PD-L1 
antibodies are currently under ongoing in biliary 
tract cancer.

While biliary tract cancer is a common cause 
of cancer-related death in Asia, including Japan, 
and Latin America, it is relatively rare cancer 
type in Western countries. Furthermore, gall-
bladder cancer is a small patient number, and it 
is difficult to conduct a clinical trial limited in 
gallbladder cancer. In development of systemic 
therapy for biliary tract cancer, clinical trials 
have been conducted for all primary tumor sites 
of biliary tract. In the era of precision medi-
cine, it would be appropriate to conduct a clini-
cal trial according to expression of biomarker 
such as gene mutation or rearrangement. And it 
is required to conduct a clinical trial in global 
collaboration.

therapy would be explored to improve the sur-
vival in patients with unresectable biliary 
tract cancer. To date, however, no standard 
of  second-line therapy has been established. 
Le et al. [25] reported solid tumors with mis-
match repair deficiency were sensitive to 
immune checkpoint blockade with antibod-
ies to programmed death receptor–1 (PD-
1). Pembrolizumab, anti-PD-1 blockade, is 
approved to solid tumors with mismatch repair 
deficiency, including biliary tract cancer. It is 
recommended that mismatch repair or microsat-
ellite instability testing should be performed on 
tumor tissue [12], and it may be done during the 
first-line chemotherapy.

Future Perspectives

GEM-based therapy has been established as a 
standard of care for unresectable biliary tract 
cancer, including gallbladder cancer. However, 
very limited number of agents are available for 
biliary tract cancer, and various challenges are 
under investigation to develop new promising 
agents to improve the survival. One is to iden-
tify targeted driver mutations or overexpres-
sion of biomarkers by multiplex diagnosis using 
next-generation sequencing (NGS). the Food 
and Drug Administration has approved two tests, 
FoundationOne® CDx genome profiling test and 
MSK-IMPACT Tumor Profiling Test, to identify 
genetic alterations in tumors. FoundationOne® 
CDx and OncoGuideTM NCC Oncopanel sys-
tem have also been approved as genome profil-
ing test in Japan. Some clinically relevant and/
or potentially targetable mutations or abnormal 
expression of molecular targets are identified in 
biliary tract cancer, and there are some differ-
ences in expression of biomarkers by primary 
tumor site of biliary tract [26, 27]. Some clinical 
trials of agents targeting specific biomarker using 
the NGS are under ongoing for biliary tract can-
cer including gallbladder cancer, such as HER2/
neu overexpression and fibroblast growth factor 
receptor 2 (FGFR2) gene rearrangement.
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Lesions with Imaging
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Introduction

With the exception of advanced gallbladder 
cancer, the differential diagnosis of gallbladder 
lesions is still considered challenging. However, 
differentiating benign polypoid lesions from 
neoplastic lesions is essential. Although the 
incidence of benign polypoid lesions is much 
higher than neoplastic lesions, especially for 
smaller lesions less than 1.0 ~ 1.5 in size, neo-
plastic lesions have to be identified because gall-
bladder cancer has poor prognosis. In addition, 
when gallbladder wall thickening is present, 
benign lesions such as adenomyomatosis or xan-
thogranulomatous cholecystitis and early-stage 
gallbladder cancer should also be differentiated. 
The gallbladder is a superficially located organ 
that is rarely in the abdomen. Hence, US plays 
an important role in differential diagnosis along 
with MR and CT. This chapter discusses the 
types of diseases that require differential diagno-
sis and characteristic imaging findings of each.

Differential Diagnosis of Polypoid 
Lesions in the Gallbladder

Gallbladder polypoid lesions can be defined as 
lesions that protrude into the gallbladder lumen 
[1]. Differential diagnoses of polypoid lesions 
include gallbladder stones, cholesterol pol-
yps, adenomyomatosis, inflammatory polyps, 
adenomas, carcinomas in situ and other rare 
lesions such as leiomyomas, lipomas, neurofi-
bromas, and carcinoids [2]. Definite mass-like 
lesions should be classified as gallbladder can-
cer rather than gallbladder polypoid lesions 
[1]. Cholesterol polyps, adenomyomatosis, and 
inflammatory polyps are also called pseudotu-
mors or pseudopolyps [1, 2]. Cholesterol polyps 
account for two-thirds of the polypoid lesions 
in the gallbladder, while only about 4% of these 
lesions are adenomas (Table 1) [2].

Imaging for the Differential Diagnosis 
of Gallbladder Polypoid Lesions

Gallbladder stones can easily be differenti-
ated from polyps when acoustic shadowing is 
observed in the posterior aspect of the lesion 
(Fig. 1). However, acoustic shadowing might 
not be seen in obese patients or when stones 
are deeply set in the gallbladder neck. [3]. In 

© Springer Nature Singapore Pte Ltd. 2020 
J. B. Chung and K. Okazaki (eds.), Diseases of the Gallbladder,  
https://doi.org/10.1007/978-981-15-6010-1_24

Y. E. Chung (*) 
Department of Radiology, Yonsei University College 
of Medicine, Seoul, South Korea
e-mail: yelv2000@gmail.com

https://doi.org/10.1007/978-981-15-6010-1_24
http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6010-1_24&domain=pdf


238 Y. E. Chung

part, while true polypoid lesions do not (Fig. 2). 
Using the ultrasound probe to induce abdomi-
nal movement can also nudge sticky stones or 
sludge balls to move that did not with just posi-
tion change. Neoplastic polyps with stalks can 
also appear to move after position changes, so 
the radiologist needs to confirm that they have 
moved completely from their original position 
(Fig. 3)

With the exception of gallbladder stones, it 
is important to differentiate benign polypoid 
lesions and neoplastic lesions. This is because 
the incidence of gallbladder polyps is relatively 

this case, changing the patient’s position from 
supine to the left or right decubitus is helpful 
because stones usually move to the dependent 

Table 1  Incidence of polypoid lesions in the gallblad-
der [2]

Cholesterol polyps 60%

Adenomyomatosis 25%

Inflammatory polyps 10%

Adenomas 4%

Rare miscellaneous polyps 1%

Fig. 1  Gallbladder stone and sludge. a On CT, several 
small high attenuating lesions are seen in the gallbladder 
(arrows). Iso- to slightly high attenuating material surrounds 

the gallbladder stone (arrowheads). b On US, sludge is noted 
in the gallbladder (arrow). Acoustic shadowing is also seen 
(arrowheads), which suggests combined gallbladder stones

Fig. 2  Gallbladder stone without acoustic shadowing. a 
Stone was initially located around the GB neck. b After 

the patient changed from the supine position to the left 
decubitus, the stone moved to the fundus
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high at approximately 4–7% in healthy subjects 
[4, 5], and the prognosis for gallbladder malig-
nancy is devastating. According to previous 
studies, risk factors for neoplastic polyps are 
larger lesion size (> 10–15 mm), accompany-
ing stones, single lesion, older age (> 50 years 
old), sessile shape, rapid growth, and presence 
of associated symptoms [4, 6–13]. Based on 
these clinical parameters, most guidelines rec-
ommend cholecystectomy for gallbladder polyps 
with associated symptoms and those larger than 
1 cm or more in size [1, 2, 14]. However, these 
criteria might not be sufficient to indicate chol-
ecystectomy because approximately 50–70% of 
gallbladder polypoid lesions larger than 1.5 cm 
have been confirmed as benign [4]. Furthermore, 
past studies have found the incidence of some 

cancers including hepato-biliary, pancreatic, and 
colon cancer to increase after cholecystectomy 
[15–17], making the non-invasive diagnosis of 
gallbladder polyps increasingly more impor-
tant as cholecystectomy might be avoided for 
benign polypoid lesions. US is usually used for 
the detection and differential diagnosis of gall-
bladder polypoid lesions. On US, cholesterol 
polyps may be high- to iso-echogenic compared 
to the most lateral layer of the gallbladder wall, 
and tiny hyperechogenic foci which represent 
cholesterol crystals (Fig. 4). Adenomyomatosis 
usually shows multiple microcysts which are 
Rokitansky–Aschoff sinuses in the thickened 
wall (Fig. 5). Comet tail artifacts on US or 
twinkling artifacts on Doppler US can accom-
pany adenomyomatosis, whereas neoplastic  

Fig. 3  Gallbladder adenoma. a, b After position change, the polypoid lesion appeared to move on US. b On 
Doppler US, no blood flow signal is observed within the lesion. d On CT, the polypoid lesion is not detected within 
the gallbladder. The first impression of this lesion was sludge or stone, but it was confirmed as adenoma after 
cholecystectomy
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has shown better diagnostic performance for the 
 differentiation of benign and neoplastic poly-
poid lesions (sensitivity and specificity: 78–92% 

polyps show homogeneous hypo- to iso-echo-
genic internal echoes with nodular surfaces 
[18–20] (Figs. 6, 7 and 8). Traditionally, EUS 

Fig. 4  Cholesterol polyp. a, b The echogenicity of the polyp is similar to the most lateral layer of the gallbladder 
wall. There are also multiple high echogenic foci within the polyp (arrowheads)

Fig. 5  Adenomyomatosis. a A polypoid lesion is noted 
in the gallbladder fundus (arrow). b Multiple microcysts 
which suggest Rokitansky–Aschoff sinuses are seen 

within the polypoid lesion. c On CT, an oval-shaped 
lesion is noted in the gallbladder fundus (arrow). This 
lesion was confirmed as adenomyomatosis
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Fig. 6  Gallbladder adenoma. A low echogenic polypoid lesion is noted near the gallbladder neck

Fig. 7  Gallbladder cancer. a On US, a polypoid lesion is 
seen in the gallbladder. Gallbladder wall discontinuity is 
noted. b On Doppler US, a blood vessel is detected in the 
stalk. c On PET scan, increased 18F-FDG uptake can be 

observed in the polypoid lesion. d This lesion was con-
firmed as adenocarcinoma with invasion of the perimus-
cular connective tissue (T2)
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Contrast-enhanced US (CEUS) has also 
been attempted for the differentiation of benign 
and neoplastic gallbladder polypoid lesions. 
Homogeneous enhancement and an intact GB 
wall might suggest a benign lesion, whereas het-
erogeneous enhancement, disruption of the gall-
bladder wall beneath the lesion, and wider stalk 
width are more common in neoplastic polypoid 
lesions [22–25]. According to previous studies, 
presence of vascularity or certain vessel types 
such as branched or linear intralesional vessels 
can suggest neoplastic polyps [3, 22], whereas 
another study stated that vascular types cannot 
be used as a differential point between benign 
and neoplastic polyps [25]. Although, there 

and 83–88%) than transabdominal US (54%, 
54%) [19, 20]. However, a recent  meta-analysis 
showed that transabdominal US can success-
fully detect gallbladder polyps with a pooled 
sensitivity of 84% and specificity of 96% along 
with sufficient diagnostic accuracy, but found 
it to be less accurate (sensitivity, specificity: 
79%, 89%) compared with EUS (86%, 92%) 
for the differential diagnosis of benign and neo-
plastic polyps [21]. The recently introduced 
 high-resolution gallbladder US is performed 
with a  high-resolution linear probe rather than a 
low-frequency convex probe, showing the high-
est sensitivity (90%) for the diagnosis of neo-
plastic polyps, followed by EUS (86%) and CT 
(72%) [5].

Fig. 8  Pyloric gland adenoma. a, b On US, focal wall 
thickening or a polypoid lesion is noted in the gallblad-
der fundus. Microcysts are not seen within the lesion. 
c On Doppler US, there is no blood flow or twinkling 

artifacts within the lesion. d On CT, focal wall thicken-
ing is noted in the gallbladder fundus. The initial impres-
sion was fundal adenomyomatosis, but the lesion was 
confirmed as pyloric gland adenoma
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adenomyomatosis and to distinguish between 
xanthogranulomatous cholecystitis and locally 
advanced gallbladder cancer. Early gallblad-
der cancer and segmental or diffuse adenomy-
omatosis can be present as uniform and mild 
 gallbladder wall thickening. Adenomyomatosis 
can be diagnosed when small round foci with 
T2 high signal intensity are observed within 
the thickened gallbladder wall (i.e., pearl 
neckless sign) which are due to Rokitansky–
Aschoff sinuses on MR cholangiography or 
T2-weighted images (Fig. 9) [27]. On US, sym-
metric wall thickening, intramural cysts, and 
intramural echogenic foci which are cholesterol 
crystals and twinkling artifacts may suggest 

have been reports that enhancement pattern and 
washout time differ between benign and neo-
plastic polyps [25, 26], these are relative rather 
than absolute findings and care should be taken 
in their application. CEUS is reported to have 
a sensitivity of 75–100% and a specificity of 
67–87% for differentiating benign and neoplas-
tic lesions [23].

Differential Diagnosis of Gallbladder 
Wall Thickening

For gallbladder wall thickening, a differential 
diagnosis is needed to distinguish early gall-
bladder cancer and diffuse or segmental type 

Fig. 9  Segmental adenomyomatosis. On MR cholan-
giography (a) and a coronal T2-weighted image (b), 
there are multiple microcysts arranged in a round shape 

(arrowheads). (c) On US, microcysts are noted within the 
thickened gallbladder wall (arrow)
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abscesses can be seen in high signal intensity 
foci on T2-weighted images [29, 30].

Conclusion

It is important to make a differential diagnosis 
between benign and neoplastic gallbladder lesions 
because treatment plans and prognosis are quite 
different for the two lesions. Although there are 
still a lot of gray zones left to interpretation, several 
helpful findings have been suggested for accurate 
differential diagnosis. Gallbladder stones can be 
diagnosed with accompanying posterior acoustic 
shadowing or position change made by the patient. 
High- to iso-echogenic polypoid lesions with tiny 
hyperechogenic foci might suggest cholesterol 

adenomyomatosis (Fig. 10), whereas gallblad-
der wall disruption or discontinuity and loss 
of  multilayer pattern may suggest gallbladder  
cancer [28, 29].

Irregular wall thickening with accompa-
nying stones are frequently noted in xan-
thogranulomatous cholecystitis, which makes 
it difficult to reach a differential diagnosis 
from gallbladder cancer. If a hypoechogenic 
nodule sits in the thickened wall on US, an 
intramural low attenuating nodule with con-
tinuous linear mucosal enhancement on CT 
may suggest xanthogranulomatous cholecystitis 
(Fig. 11). On MR, a signal drop in the opposed 
phase compared to the in-phase can be seen 
in the thickened wall due to the fat content 
[30]. Xanthogranulomatous inflammation or 

Fig. 10  Adenomyomatosis. (a) On US, an intramu-
ral echogenic dot is seen within the thickened wall 
(arrow). Multiple comet tail artifacts on US (b) and  

twinkling artifacts on Doppler US (c) are seen, suggest-
ing adenomyomatosis
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Introduction

Endoscopic ultrasonography (EUS) is a sig-
nificantly more sensitive, accurate, and effec-
tive diagnostic tool than computed tomography 
or transabdominal ultrasonography (TAUS) 
for evaluating gallbladder (GB) disease [1–4]. 
Because EUS includes a high-frequency ultra-
sound transducer at the tip of the echoendo-
scope, when it is placed within the gastric or 
duodenal lumen, we can obtain more detailed 
pancreatobiliary images. EUS uses high ultra-
sound frequencies (5–20 MHz) to create 
high-resolution gray-scale color Doppler and 
contrast-enhanced images. The underlying 
principle of ultrasound and echogenic prop-
erties of GB polyp are the same as those for 
TAUS. However, because EUS can provide 
close contact with the GB, we can identify its 
three layers—mucosa (inner layer), muscularis 
propria (middle layer of muscular tissue), and 
 sub-serosa (outer layer of connective tissue)—
as well as the detailed morphologic variables 
of polypoid lesions including shape, lobulation, 
irregular surface, and echogenic characteristics.

In this chapter, we describe the diagnostic 
value of EUS for GB polypoid lesions and wall 
thickening.

Role of EUS for Diagnosis 
of Gallbladder Diseases

Differential Diagnosis of GB 
Polypoid Lesions

With advances in radiologic imaging, the diag-
nosis of GB polyps is increasing. Most are 
harmless and referred to as non-neoplastic pol-
yps. The remaining are neoplastic polyps that 
can be adenomatous with or without dysplasia 
or cancerous. Because adenomatous polyps can 
turn cancerous, the decision to perform chol-
ecystectomy is made according to GB polyp size 
on TAUS and/or EUS. If they grow to be more 
than 1 cm, laparoscopic cholecystectomy is con-
sidered; however, even after surgery, it is not 
rarely found to be benign polyps. Because the 
preoperative differential diagnosis remains very 
difficult in many cases of GB polyps, especially 
those smaller than 20 mm in diameter, many 
EUS studies have been conducted to achieve 
an accurate diagnosis prior to surgery. Several 
reports showed widely varying incidence rates 
of neoplastic pathologic conditions in 10–20-
mm (26–88%) and 6–10-mm polyps (19–25%) 
[5–8]. Thus, an accurate imaging assessment to 
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appears as a subtle, thin, echo-free line under 
polypoid lesions. A lack of mobility favors a 
polyp rather than gallstone.

Single polyps are no more likely to be neo-
plastic than multiple polyps. If the estimated 
polyp growth rate was more 2 mm per year, 
neoplasticity is highly likely to develop and a 
cholecystectomy is recommended [10]. In terms 
of typical EUS findings of polypoid lesions, 
previous EUS studies showed that, neoplastic 
polyps had an internal heterogenous iso/hypo-
echoic echogenicity (Fig. 1b). With advances 
in EUS imaging, we can distinguish relatively 
hypoechoic central portions from peripheral 
iso/hyperechogenic GB polyps. This is called 
hypoechoic foci, which is compatible with a 

differentiate neoplastic from  non-neoplastic GB 
polyps is required to overcome the limitations of 
size criteria alone [9].

The great majority of polyps are com-
posed of cholesterol and less often neoplastic. 
Cholesterol polyps are usually less than 10 mm 
in diameter, whereas adenomatous polyps can 
be up to 20 mm. Both appear as polypoid or 
 sessile-shaped echogenic non-shadowing small 
masses like lesions adherent to the GB wall, 
often in a non-dependent portion. The first 
step of the differential diagnosis of GB polyp 
involves excluding small gallstones, which are 
most commonly GB disease (Fig. 1a). When 
detected on a careful EUS examination, gall-
stones have a posterior acoustic shadowing that 

Fig. 1  EUS shows a gallstone with a posterior acoustic shadowing under hyperechoic polypoid lesion (a, b) and 
adenomatous polyp which have internal heterogenous iso/hypo-echogenicity (c, d)



249Role of EUS

microscopically loose core structure contain-
ing the dilated cystic gland and prominent ves-
sels, and can be considered a predictive EUS 
variable of neoplastic polyps (Fig. 2a) [7].  
Meanwhile, regarding cholesterol polyps, focal 
or diffuse cholesterol-laden macrophages in the 
lamina propria represented the iso-hyperechoic 
texture on EUS. They usually have homog-
enous echogenicity and the presence of hyper-
echoic spots, which are aggregates of many 
tiny hyperechoic dots in the inner part of the 
polyp, and it is considered a simple predictive 
variable for cholesterol polyps (Fig. 2b) [7, 11]. 
Furthermore, the presence of multiple micro-
cysts, which are usually composed of 2–8-mm 
anechoic round lesions with the comet tail sign 
of V-shaped reverberation ultrasound artifact, 

was a strong predictive factor for focal adeno-
myomatosis (Fig. 2c) [7, 11]. Besides, although 
true malignant polyps such as adenocarcinoma 
are rare, local disruption of the adjacent GB wall 
on EUS is a strong predictor of malignant GB 
polyp (Fig. 2d).

Nevertheless, evidence of the effectiveness of 
an EUS diagnosis remains limited because EUS 
examinations are subjectively and highly influ-
enced by endoscopist’s skill [12]. Therefore, 
two additional EUS scoring systems have been 
proposed to predict neoplastic GB polyps. Choi 
et al. [13] suggested a scoring system according 
to layer structure, echo patterns, margins, stalks, 
and number of polyps. At a cutoff score of 6, the 
sensitivity and specificity for the risk of neoplas-
tic polyps were 84.6% and 84.6%, respectively. 

Fig. 2  EUS shows adenomatous polyp with hypoechoic foci (a), cholesterol polyp with hyperechoic spot (b), local-
ized adenomyomatosis with microcysts (c), and adenocarcinoma with inner hyperechoic wall layer disruption (d)
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required to reach the correct diagnosis of GB 
polyps during CEH-EUS.

Color Doppler flow (CDF) within a poly-
poid echogenic lesion can also differentiate 
GB polyps from gallstones by documenting 
their internal vascular structures. A recent pro-
spective study was conducted to distinguish 
between non-neoplastic and neoplastic pol-
yps using CDF-EUS. Because cholesterol pol-
yps are mainly composed of lipid-laden foamy 
macrophages deposited within the lamina pro-
pria, microvessel frequency and size appear to 
be relatively low and immature compared to 
neoplastic polyps. Kim et al. [17] reported that 
the presence of a vascular core, which reflects 
a strong Doppler flow, was more significant in 
neoplastic GB polyps with relatively good speci-
ficity, accuracy, and diagnostic discrimination 
with high reliability (Fig. 3).

Differential Diagnosis of GB Wall 
Thickening

Localized or diffuse thickening of the GB wall 
can be associated with myriad disorders. When 
diffuse wall thickening and perivesicular fluid 
are present, the differentiation of cholecystitis 

Sadamoto et al. [14] suggested another EUS 
formula: maximum diameter (in millimeters), 
internal echo pattern score (heterogeneous 4, 
homogenous 0), hyperechoic spot (5). Using 
this system, the sensitivity, and specificity of the 
risk of neoplastic polyps with scores ≥12 were 
77.8% and 82.7%, respectively. However, the 
clinical application of these formulae remains 
limited because of their uncertain utility and 
complexity.

In addition, the following novel methods are 
currently being studied. Contrast-enhanced har-
monic EUS (CEH-EUS) is useful for observ-
ing microvascular structures and providing 
additional enhancement pattern images of GB 
polyps; therefore, its use could improve the dif-
ferential diagnostic accuracy of neoplastic and 
non-neoplastic GB polyps [15, 16] The presence 
of irregular intratumoral vessels or perfusion 
defects on CEH-EUS was considered a sensitive 
and accurate predictor of malignant GB polyps. 
However, the distribution of contrast in pol-
yps occurs over a very short interval; therefore, 
enhancement and perfusion images can only 
be observed during a brief window. Because 
it might be impossible to make an immediate 
diagnosis in a short period of CEH-EUS perfu-
sion time, additional post-recording analyses are 

Fig. 3  Color Doppler flow endoscopic ultrasonography image shows a strong continuous flow in adenomatous  
polyp which is compatible with prominent small feeding arterioles in gallbladder polyp
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GB wall thickening of conventional and CEH-
EUS were 83% versus 90%, 65% versus 98% 
(P < 0.001), and 73% vs. 94% (P < 0.001), respec-
tively, indicating an additive role of contrast 
enhancement that can be helpful for the differ-
ential diagnosis of malignant GB wall thicken-
ing [20]. EUS-guided  fine-needle aspiration 
has played an increasing role in providing his-
tological diagnosis of GB wall thickening and  
GB tumors.

Conclusion

EUS provides a better image than TAUS, which 
helps distinguish GB disease such as gallstone/
sludge, non-neoplastic, and neoplastic lesions. 
Because those are very difficult to differentiate 
preoperatively; some physicians argue against 
the utility of EUS because of its invasive-
ness, need for sedation, and unclear diagnos-
tic superiority compared to TAUS [12, 21, 22]. 
However, because EUS provides the most pre-
cise  real-time image of GB and recent advances 
in technology of imaging processors and endo-
scopic systems make it safer and easier than 
before, EUS is considered the best diagnostic 
method for GB disease. It could be more help-
ful in the preoperative assessment of patients 
with GB polyps suspected to be neoplastic, 
especially those, 7–20 mm in size. In cases of 
uncertainty on other imaging modalities, it could 
be more practical to develop a treatment strategy 
for polypoid lesions and wall thickening of GB. 
Furthermore, EUS has several additional advan-
tages of fine-needle aspiration for tissue diagno-
sis and the potentially therapeutic application of 
biliary drainage.

In conclusion, EUS findings of GB including 
hypoechoic foci, hyperechoic spots, microcysts, 
Doppler flow, and CEH images aid in the preop-
erative diagnosis of GB polyps. GB wall layer 
disruptions on EUS are characteristic of GB 
cancer. As there are still limitations of EUS for 
GB disease, further research is required in line 
with technological advances in EUS to improve 
the diagnostic accuracy of GB disease.

from other diseases including liver cirrhosis, 
hepatitis, ascites, and hypalbuminemia can be 
difficult. Therefore, it is necessary to evaluate 
first, the clinical presentations. In terms of local-
ized, focal, or segmental GB wall thickening, it 
can be difficult to differentiate benign diseases 
from GB cancer. In fact, most cases are ulti-
mately diagnosed with benign diseases such as 
chronic cholecystitis or adenomyomatosis with 
a hyperechoic wall with a preserved layer struc-
ture; however, we should always try to discern 
GB cancer due to its unfavorable prognosis.

Adenomyomatosis of the GB is generally 
considered a benign condition associated with 
segmental or diffuse wall thickening along with 
the presence of small cysts, which usually repre-
sent intramural diverticula (dilated Rokitansky–
Aschoff sinuses). On EUS, the layers of a 
thickened GB wall are usually preserved, but 
there are microcysts with bright echoes aris-
ing from the cystic spaces (comet tail sign). 
According to involvement extent and site, aden-
omyomatosis can be classified as fundal (most 
common), segmental (usually in mid-body), or 
diffuse type. Xanthogranulomatous cholecys-
titis (XGC) is an uncommon disease involving 
chronic inflammation of the GB. Its clinical 
presentation is like that of cholecystitis, making 
it very difficult to distinguish from GB cancer. 
EUS can sometimes visualize hyperechoic nod-
ules in the GB wall, probably representing xan-
thogranulomas (Fig. 4).

The role of EUS in the diagnosis of GB wall 
thickening remains poorly defined. Mizuguchi 
et al. [18] compared EUS, conventional ultra-
sonography, computed tomography, and magnetic 
resonance imaging in the differential diagnosis of 
GB wall thickening. The  multiple-layer pattern 
was demonstrated more effectively by EUS than 
by other imaging modalities. Loss of multiple-
layer patterns of the GB wall demonstrated by 
EUS was the most specific finding in diagnos-
ing GB cancer (Fig. 2) [19]. Nevertheless, it is 
not pathognomonic, as this finding can also be 
seen in XGC. Furthermore, the utility of CEH-
EUS was recently evaluated in 36 patients with a 
thickened GB wall. The overall sensitivity, speci-
ficity, and accuracy for diagnosing malignant 
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Fig. 4  EUS shows gallbladder wall thickening caused by primary gallbladder diseases including acute cholecysti-
tis (a), chronic cholecystitis (b), segmental adenomyomatosis (c), adenocarcinoma (d) and xanthogranulomatous 
cholecystitis (e). And secondary diffuse GB wall thickening is also developed from other diseases such as pelvic  
inflammatory disease (f)
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Diagnostic 
and Therapeutic 
Algorithm: Polypoid 
Lesions of the 
Gallbladder

Woojin Lee

Introduction

The term gallbladder polyp generally refers 
to any mucosal projection into the gallbladder 
lumen regardless of whether it is neoplasm or 
not [1]. Compared with‘gallbladder polyps’ or 
other terms, the morphological term ‘polypoid 
lesions of the gallbladder’ could be more com-
prehensive and clinically useful for this hetero-
geneous group of diseases, among which true 
gallbladder polyps are relatively rare.

Most gallbladder polyps are not neoplastic 
lesions. Actually, 70% of these elevated lesions 
are pseudopolyps, which include cholesterol 
polyps, cholesterol stones (crystal), cholestero-
losis, or adenomyomatosis. Pseudopolyps do 
not in themselves have malignant potential. True 
gallbladder polyps can be benign or malignant. 
Benign true gallbladder polyps are most com-
monly adenomas while malignant polyps are 
usually adenocarcinomas.

Clinically, diagnosis, routine medical 
 check-up, and follow-up of these elevated lesions 
are almost always performed by ultrasonography 
(US). Despite gallbladder polyps being common, 
only a few develop to carcinoma, which usually 

presents late in diagnosis and carries a poor prog-
nosis. Prognosis of advanced gallbladder cancer 
is dismal (5-year survival rate less than 5%), but 
5-year survival rate of T1 gallbladder cancer is 
reported 71–100%.

Although it is ideal to treat true gallbladder 
polyps early, after histological diagnosis, clini-
cians must decide to recommend cholecystec-
tomy based on indirect information such as the 
radiographic appearance of the polyp, patient 
demographics, and symptoms. It may be dif-
ficult, therefore, for the practicing radiologist 
or clinician to know what to recommend when 
they encounter a gallbladder polyp. This was 
also suggested by the results from a survey that 
there is inhomogeneity of surgical practice in 
the management of gallbladder polyps [2].

The current literature lacks uniformity and a 
single consensus on gallbladder polyps because 
a majority of data was acquired by individual, 
observational, and retrospective studies which 
involved limited numbers of participants and 
might have been biased. Currently, larger gall-
bladder polyps, for example, larger than 1 cm, 
are recommended for surgical removal in view 
of the higher chance of malignancy. On the 
other hand, patients with smaller polyps usually 
require repeated US and follow-up. This policy 
not only imposes a certain degree of anxiety 
on the part of patients, but also carries with it 
significant economic cost to the health care 
system.
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polyps vary quite widely, in some cases measur-
ing over a centimeter. About 20% may be single 
lesions. They are not neoplastic polyps, but vari-
ants of cholesterolosis resulting from infiltration 
of lipid-laden foamy macrophages in the lamina 
propria.

The cholesterol in bile is absorbed by the 
gallbladder epithelium and taken up by mac-
rophages and accumulates in the lamina pro-
pria. Cholesterol deposition within the lamina 
propria creates a mass and protrudes out of the 
mucosa into the lumen, and these masses are 
called cholesterol polyps. They are surrounded 
by vascular connective tissue and attached to 
the fibromuscular layer of the gallbladder wall 
protruding into the gallbladder lumen. They are 
covered with a single layer of epithelium envel-
oping a core of cholesterol filled macrophages. 
In cases where cholesterol deposits are tiny and 
diffuse, creating tiny, yellow excrescences on 
the surface of the gallbladder mucosa, having an 
almost strawberry-like appearance, the condition 
is referred to as cholesterolosis.

Diagnosis is easier in cases when there are 
multiple polyps. When there is one large cho-
lesterol polyp, differentiation from the far less 
common adenoma is difficult (Fig. 2). Rarely, 
they may detach and behave clinically as gall-
stones, causing biliary colic, bile duct obstruc-
tion, or pancreatitis [10]. Cholesterol polyps 
have no malignant potential and no proven rela-
tion to gallstones. Surgery is not required unless 
the patient is symptomatic.

Adenomyoma

Adenomyomatosis of the gallbladder is char-
acterized by excessive proliferation of the epi-
thelium and hypertrophy of the muscle. This 
proliferation is associated with invagination 
of the proliferated epithelium into the mus-
cularis propria. The invaginated epithelium 
forms an intramural diverticulum referred to 
as Rokitansky–Aschoff sinuses. In addition 
to mucosal hyperplasia, the smooth muscle 
layer is hypertrophied, both of these pathologic 
processes causing marked thickening of the 

Epidemiology

Due to the rising prevalence of gallbladder 
polyp and more frequent use of abdominal 
imaging modalities, the detection of gallblad-
der polyps has been increasing in past decades, 
affecting approximately 5–10% of the global 
adult population [3–6]. However, only 5% of 
these are considered to be “true” gallbladder 
polyps [7].

Most of the cases are diagnosed by abdominal 
US especially for periodic health examination. 
Otherwise, gallbladder polyps are often found 
incidentally during cholecystectomy. The fre-
quency of resected gallbladder polyps in chole-
cystectomy specimens ranges from 2.6 to 12.1%; 
it seems to vary widely among reports and 
appears to be related to the indications for chol-
ecystectomy, as well as to the study design [8].

Although the detection of gallbladder pol-
yps has been increasing, the risk factors and 
natural history remain unclear. In contrast to the 
 well-known risk factors for gallstones, no con-
sistent relationship has been found between the 
formation of gallbladder polyps and sex, age, or 
medical conditions, such as diabetes, hyperlipi-
demia, and metabolic syndrome.

Histologic Type

Nonneoplastic polyps account for 95% and 
most of the neoplastic polyps are adenoma. 
Histological diagnostic terms are more scientific 
and accurate for each subtype of these lesions, 
but they could only be obtained postoperatively 
and therefore are difficult to be commonly used 
in clinical application and with imaging modali-
ties. A worldwide, uniformly accepted classifi-
cation is still lacking.

Cholesterol Polyps

Cholesterol polyps are the most common type 
(60%) of gallbladder polyp. Usually they are 
multiple, pedunculated, and less than 10 mm in 
diameter (Fig. 1) [9]. However, the sizes of these 
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gallbladder wall. The Rokitansky–Aschoff sinus 
is usually confined to the thickened muscle, but 
in some cases, the sinus extends into the peri-
muscular connective tissue like a colonic diver-
ticulum. Occasionally, Rokitansky–Aschoff 
sinuses are impacted with cholesterol crystals, 
debris, or fragments of stone.

There are three different types: the local-
ized type, the segmental type, and the diffuse 
type. The focal type, the most common form, 
is referred to as adenomyoma. In the segmental 
type, there is a focal circumferential thicken-
ing of the gallbladder wall, often at the fundus 
or body. When it occurs at the body, there is a 
segmental narrowing of the gallbladder, divid-
ing the gallbladder lumen into two separate 
compartments, mimicking an hour-glass. 
Segmental adenomyomatosis commonly occurs 
in the Phrygian cap and also gallstones are fre-
quently entrapped in the cap. The diffuse form 

of adenomyomatosis causes diffuse thickening 
of the gallbladder wall and it may be difficult 
to distinguish adenomyomatosis from acute or 
chronic cholecystitis.

Localized form of gallbladder adenomy-
omatosis, confined to the fundus, may resem-
ble a polyp. It is not neoplastic and confined to 
the gallbladder muscle layer. The average size 
is about 10–20 mm. Focal or segmental adeno-
myomatosis of the gallbladder fundus may be 
difficult to distinguish from intraluminal pol-
yps or small carcinomas (Fig. 3). Surgery is not 
required unless it is symptomatic or indistin-
guishable from a tumor.

Inflammatory Polyps

Inflammatory polyps are small, sessile lesions, 
and the average size is about 5–10 mm, although 

Fig. 1  Cholesterol polyp. a Sonographic view of multiple 
gallbladder polyps (0.8 cm, 0.6 cm size). b Sonographic 
view of another 1.1 cm-sized polyp. c Photograph of the 

gross pathologic specimen after cholecystectomy shows 
multiple yellowish cholesterol polyps. d H-E stain of the 
specimen demonstrating lipid-laden macrophages (arrow)
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cause symptoms but are typically incidentally 
found. They are most frequently seen in patients 
with primary sclerosing cholangitis (PSC) and 
gastrointestinal polyposis syndromes, such as 
Peutz–Jegher and Gardner syndromes.

Histopathologically, adenomas are classified 
into tubular, papillary, and tubulopapillary types. 
Tubular adenomas are the most common and 
appear lobular, possessing smooth contours, while 
papillary adenomas appear cauliflower-like.

It is the only polyp in the gallbladder that 
has a premalignant potential. Several studies 
do support this potential progression [13, 14]. 
However, the frequency of progression from 
adenoma to carcinoma is much lower than that 
for colon polyps. Gallbladder cancer is 4 times 
more common than gallbladder adenoma. 
Furthermore, adenomas are rarely found around 
invasive gallbladder cancers, and adenomas are 
less frequently associated with gallstones than 

inflammatory polyps larger than 1 cm have been 
described. These large polyps can be confused 
with gallbladder carcinoma [11]. About 50% 
may be single lesions. In about half, 2–5 lesions 
are observed. Surgery is not required and most 
are found incidentally during cholecystectomy.

Adenomas

Unlike other gastrointestinal adenomatous 
polyps, gallbladder adenoma is a rare lesion, 
found in only 0.15% of resected gallbladders 
[12]. Adenoma is characteristically a single 
lesion with a diameter of 5–20 mm (Fig. 4). 
Commonly, adenoma appears as sessile or 
pedunculated polypoid nodules. It can occur 
anywhere in the gallbladder. When multiple, as 
they are in approximately one-third of cases, 
2–5 polyps are usually present. Adenomas may 

Fig. 2  CT view of single, large gallbladder polyp. a 1.4 cm-sized cholesterol polyp (after cholecystectomy). b 
1.1 cm-sized gallbladder adenoma (after cholecystectomy). c 2.1 cm-sized gallbladder adenocarcinoma (after 
cholecystectomy)
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because invasive cancer is more likely and 
extended resection may be required.

Other Polyps

Fibromas, leiomyomas, neurofibromas, carci-
noids, and lipomas of the gallbladder have been 
reported, but are less than 0.1%. Pathology can-
not be diagnosed before resection.

Clinical Features and Diagnosis

Because clinical findings alone cannot distin-
guish the histological types of gallbladder pol-
yps, surgery is determined based on symptoms 
and image findings.

gallbladder cancers. Therefore, this progres-
sion is not felt to be the predominant pathway 
of carcinogenesis in the gallbladder, and K-ras 
mutations have not been detected in gallbladder 
carcinomas associated with an adenoma. The 
frequency of transition from adenoma to cancer 
is unclear [13].

The pathologic diagnosis of adenoma or ade-
nocarcinoma can only be made after cholecys-
tectomy. In general, malignant tumors account 
for 3–8% of the gallbladder polyps. Virtually 
all adenomas with a focus of carcinoma are 
>12 mm in diameter; lesions <10 mm can be 
monitored with US. For lesions 10–18 mm in 
size, laparoscopic cholecystectomy should be 
considered in good surgical candidates. For 
lesions >18 mm in size, open rather than lapa-
roscopic cholecystectomy should be considered 

Fig. 3  Gallbladder cancer that mimicks segmental adenomyomatosis. a, b Sonographic and CT view of annular wall 
thickening of the gallbladder body. c Photograph of the gross pathologic specimen after cholecystectomy shows irreg-
ular wall thickening of the gallbladder body
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found by US are less than 5 mm in size. Only 
2% are more than 10 mm in size.

Radiologic findings can be used to stratify 
gallbladder polyps into three groups: those that 
need no further follow-up, those that require 
follow-up, and those that should undergo chol-
ecystectomy. In addition to the likelihood of 
malignancy on the basis of imaging findings, a 
surgeon’s judgment on whether to perform chol-
ecystectomy relies on clinical factors, such as 
patient age, medical comorbidities, and the pres-
ence of symptoms that are attributable to gall-
bladder disease.

US is the most commonly used and best 
available imaging modality because it is the 
simplest and sensitive diagnostic methods for 
the detection of gallbladder polyps. However, 
US is often limited by the body habitus of 
the patient, and technical limitations can lead 

Most gallbladder polyps do not cause symp-
toms. Polyps can be found incidentally after 
cholecystectomy for the treatment of gallstone 
or by imaging studies performed for periodic 
health exams or other indications. Rarely, biliary 
pain may appear [15, 16]. Rare cases of acute 
acalculous cholecystitis and even hemobilia 
have been reported [17]. It is unclear whether 
the polyps primarily drive the symptoms, and 
it is difficult to distinguish the symptoms from 
those associated with gallstones. There is no suf-
ficient evidence to show that tumor markers will 
assist in the decision-making process for gall-
bladder polyps.

Although imaging features of gallbladder 
polyps may, at times, indicate a specific diag-
nosis, there is a large degree of overlap in the 
appearances of benign and potentially malignant 
gallbladder lesions. About 85% of the polyps 

Fig. 4  Gallbladder adenoma. a, b Sonographic and CT view of 2.4 cm-sized solitary polypoid mass (arrow). c 
Photograph of the gross pathologic specimen after cholecystectomy shows lobulated polypoid mass. d H-E stain of 
the specimen demonstrating tubular adenoma, pyloric gland type
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gallstones [21]. It was noted that gallstones 
mask the presence of polyps [22–24]. Besides, 
small polyps can also be obscured on US by 
 thickened gallbladder wall [25].

Endoscopic ultrasound (EUS) is a more sensi-
tive and specific method for diagnosing gallblad-
der polyps because of its use of high-frequency 
probes, which provide better resolution of small 
lesions (see chapter “Role of EUS”). EUS may be 
useful for identifying benign features of a polyp—
such as cystic spaces or  comet-tail artifact, which 
is associated with adenomyomatosis—that may 
not be visible with a transabdominal approach 
[26]. An EUS scoring system to predict malig-
nancy in a gallbladder polyp on the basis of its 
size, its internal echo pattern, and the presence 
of hyperechoic spotting has been suggested, 
with sensitivity and specificity of 78% and 83%,  
respectively [20, 27, 28]. One study comparing 

to intraobserver variability in interpretation. 
It cannot reliably distinguish between non-
neoplastic and neoplastic polyps (see chap-
ter “Differential Diagnosis of Benign and 
Malignant Lesions with Imaging”) [18]. On 
US, a gallbladder polyp is seen as an elevation 
of the gallbladder wall that protrudes into the 
lumen. It should not be mobile or demonstrate 
posterior acoustic shadowing (which would 
suggest it is more likely a calculus). It may 
be sessile or pedunculated. A clearly infiltrat-
ing or large mass should be treated as a gall-
bladder cancer rather than a polyp (Fig. 5). 
If there is clear reverberation or “comet tail” 
artifact present posterior to the lesion, this 
should be identified as a focal adenomyoma-
tosis [19, 20]. The general sensitivity of US 
in detecting gallbladder polyp ranges from 
36 to 90%, reaching 99% in patients without 

Fig. 5  Gallbladder adenocarcinoma. a, b Sonographic and CT view of 1.9 cm-sized, solitary polypoid mass (arrow). 
c Photograph of the gross pathologic specimen after cholecystectomy shows large, solid mass. d H-E stain of the 
specimen demonstrating adenocarcinoma
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into surrounding tissue, presence of lymphad-
enopathy, or distant metastasis.

Several cases in which preoperative 18-fluoro-
deoxyglucose positron emission tomography 
(PET) accurately predicted the presence of 
malignant tumor of the gallbladder in patients 
with gallbladder polyps have been reported 
(Fig. 6) [38]. However, it was applicable for the 
assessment of 1–2 cm gallbladder polyps and 
false-positive results may occur in the presence 
of acute cholecystitis, a limitation of FDG PET.

In summary, alternative imaging modalities, 
particularly EUS, may provide additional infor-
mation in the diagnosis of gallbladder polyps. 
At present, however, there is insufficient data to 
suggest that they should be used ahead of con-
ventional US in the investigation of gallbladder 
polyps. In addition, transabdominal US is a rel-
atively low cost, low risk, and widely available 
technique. Some specific centers with sufficient 
resources and expertise may find the additional 
information available useful, especially in 
patients for whom cholecystectomy may have 
additional risk.

When gallbladder polyps are detected by 
imaging, such as US, they are sometimes not 
found in cholecystectomy specimen. Such false 
positive finding of gallbladder polyps on US 
ranges from 6 to 43% [22, 25, 39, 40]. Normal 
mucosal folds, sludge, or small stones impacted 
in the gallbladder wall can be misinterpreted as 
polyps. In addition, small polyps may fall off 
during processing of surgical specimens. Thus, 
patients should be informed before operation of 
the possibility of negative findings or of finding 
a gallstone instead.

Treatment

When a gallbladder polyp is identified on 
abdominal US, the two major questions are 
(1) is this causing any symptoms and (2) 
does this need to be removed? As discussed 
above, most polyps are generally thought to be 
asymptomatic. Therefore, the main role for the 
clinician in managing these polyps is recom-
mending when to proceed with surgery and  

transabdominal US and EUS found that the diag-
nostic accuracy of EUS for differentiating polyp 
types exceeded 90% [20]. However, EUS alone 
is not sufficient to determine treatment plan in 
many cases. Also, it is limited due to the need for 
equipment and skilled endosonographers and the 
risk of adverse events.

High-resolution ultrasound (HRUS) oper-
ates at a higher frequency than conventional 
US (5–7 MHz) but a lower frequency than EUS 
(5–12 MHz) and therefore theoretically has a 
better diagnostic accuracy than US but is less 
accurate than EUS [29]. However, it does have 
the benefit over EUS, in that it is a noninvasive 
procedure. The diagnostic accuracy of HRUS 
has been shown to be comparable with EUS 
for the differential diagnosis of gallbladder pol-
yps [30]. Perhaps most importantly, considering 
patient comfort and the lack of requirement for 
sedation, HRUS has real potential as an impor-
tant diagnostic modality for the differential 
diagnosis and staging of malignant gallbladder 
polyps and early gallbladder cancer.

Contrast-enhanced ultrasound (CE-US) has 
also been used to assess gallbladder polyps. 
It was reported that CE-US may facilitate the 
detection of gallbladder polyps by helping to 
distinguish them from mural folds, gallbladder 
contents, or sludge and also to detect invasion 
into the liver and metastasis [31, 32]. Moreover, 
it may offer more useful information for distin-
guishing adenoma from cholesterol polyps com-
pared with conventional US, especially in cases 
in which the polyp was larger than 1 cm [33, 34].

Computed tomography (CT) or magnetic reso-
nance imaging (MRI) has been reported to be less 
sensitive than ultrasound and it has limitation in 
differential diagnosis of small gallbladder polyps 
(see chapter “Differential Diagnosis of Benign 
and Malignant Lesions with Imaging”). Enhanced 
helical CT could reveal gallbladder polyps larger 
than 5 mm and could differentiate neoplastic or 
nonneoplastic lesions [35, 36]. Attempts have 
also been made to predict the malignant potential 
of gallbladder polyps using MRI with diffusion 
weighted imaging [37]. If malignant polyps are 
suspected by abdominal US, additional abdomi-
nal CT or MRI is performed to detect the invasion 
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further complicated by the reliability of US 
which is usually the diagnostic tool used. The 
reported sensitivity and specificity of US in 
diagnosing gallbladder polyps is widely varia-
ble. Unnecessary operations would occur in case 
of false positive findings. The risks associated 
with surgery include damage to  intra-abdominal 
structures during port insertion, bile duct 
injury (between 0.3 and 1%), and bile leak 
[41, 42]. Furthermore, endoscopic retrograde 
 cholangio-pancreatography (ERCP) to manage a 
bile leak and bile duct injury are associated with 
significant adverse events [43, 44].

It is unlikely that small gallbladder polyps 
themselves cause patient’s symptoms. There is 
evidence, however, that gallbladder polyps may 
be indicative of underlying inflammation or 
stone disease that may not have been detected 
on US [45]. The relationship between symp-
toms and risk of malignancy is not established. 

when to take a watchful waiting approach, rec-
ognizing that gallbladder cancer, while quite 
rare, carries a poor prognosis. The main concern 
in the management of gallbladder polyps is to 
identify and treat malignant lesions that are usu-
ally still at a relatively early stage and amend-
able to surgical cure. Currently, there remain 
controversies and challenges in many aspects 
of gallbladder polyps. It is difficult to differen-
tiate benign lesions from malignant gallbladder 
polyps based on available diagnostic modalities. 
Prophylactic cholecystectomy is sometimes per-
formed too early or is even absolutely unneces-
sary for well-functioning gallbladders with some 
subtypes of gallbladder polyps.

As mentioned earlier, the commonly reported 
rate of malignancy in gallbladder polyps is 
around 3 to 8%. Obviously, operation will be 
overdone if cholecystectomy is offered to every 
patient with gallbladder polyps. The issue is 

Fig. 6  Gallbladder adenocarcinoma. a CT view of 2 cm-sized, enhancing gallbladder polypoid mass (arrow). b PET 
view of the increased FDG-uptaken mass (arrow)
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found that lesions of this size often contain 
advanced, invasive cancer that involves the 
serosal surface of the gallbladder and requires 
a more extensive dissection than can be accom-
plished by laparoscopy [54]. As a result, the 
investigators advocate open cholecystectomy for 
these large polypoid lesions of the gallbladder. 
Unfortunately, trials comparing these surgical 
approaches are not available. Thus, the ideal sur-
gical approach for gallbladder polyps with sus-
picion of malignancy is unsettled.

How best to manage patients with polyps that 
are 6–9 mm in size is debated. Multiple polyps, 
pedunculated polyps, and those that are hyper-
echoic compared with the liver are usually cho-
lesterol polyps, while solitary and sessile polyps 
that are isoechoic with the liver are more likely 
to be neoplastic. In this generally low-risk popu-
lation, periodic surveillance for polyp growth or 
change may be prudent. One group of investiga-
tors has recommended transabdominal US eval-
uation 3–6 months after the initial discovery of 
such polyps to exclude a rapidly growing tumor, 
followed by ongoing surveillance at 6–12-month 
intervals. The optimal duration of surveillance 
is unknown. Two studies have suggested that 
the 10-mm cut-off value for cholecystectomy 
may be too high, as premalignant or malignant 
gallbladder lesions were found in persons with 
polyps that were initially 6–9 mm in size [49, 
55]. So, some other investigators have advocated 
aggressive approach of performing cholecystec-
tomy for polyps of this size given the small but 
possible risk of neoplasia such as increased size 
of polyp (>2 mm) [20], single [48, 56], sessile 
polyp (including focal gallbladder wall thicken-
ing >4 mm) [48, 57–68], Indian ethnicity [58] or 
old age [46, 56, 57, 60, 61]. As with most other 
cancers, the risk of a gallbladder polyp being 
malignant increases with increasing patient age. 
Currently, there is insufficient data to determine 
what the most appropriate threshold is. Also, 
there was insufficient evidence to include gall-
stones as a strong risk factor, but some of these 
patients are likely to be symptomatic and as 
such will undergo cholecystectomy anyway.

The best practice for gallbladder polyp sur-
veillance needs clarification. Given the rarity of 

Patients with biliary pain and US evidence of 
both polyps and stones in the gallbladder should 
undergo elective cholecystectomy (Fig. 7). The 
decision is more complicated for patients in 
whom gallbladder polyps without concurrent 
gallstones are discovered. For these patients, the 
decision to operate depends on the severity of 
symptoms, confidence of the clinician that the 
symptoms are biliary in origin, and US features 
(particularly the size) of the polyp.

Most polyps do not grow over time. About 
7% of the polyps increase in size during 
 follow-up (Fig. 8). Polyps less than 5 mm rarely 
grow. Sometimes (7–34%) polyps are reported 
to disappear [46–51].

Because polyps 10 mm in size or larger have 
a greater likelihood of being cancerous, elective 
laparoscopic cholecystectomy should be con-
sidered in acceptable surgical candidates with 
asymptomatic polyps of this size [45, 52, 53]. In 
a patient who is a poor surgical risk with a polyp 
that is 10 mm or larger, periodic monitoring for 
polyp growth (perhaps every 6 months) with US 
or additional characterization with EUS may be 
reasonable.

Polyps larger than 18 mm in diameter pose 
a significant risk of malignancy and should 
prompt cholecystectomy if possible. One study 

Fig. 7  Sonographic view of gallbladder polyp and gall-
bladder stone (arrow). After laparoscopic cholecystec-
tomy, the diagnosis of the polyp reveals cholesterol polyp
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may be as high as 60% [62–65]. These patients 
should undergo a more intensive follow-up and 
have a lower threshold for cholecystectomy 
than non-PSC patients. In this high-risk popu-
lation, cholecystectomy for polyps smaller than 
10 mm should be considered. This, however, 
is challenged by observations that gallbladder 
cancer is seen only in polyps greater than 8 mm 
and that cholecystectomy in patients with PSC 
and cirrhosis is associated with high morbidity 
[65–67]. There was insufficient data to support 
cholecystectomy in all patients with PSC and 
a gallbladder polyp, because of the potential 
increased morbidity.

Recently, the European Society of 
Gastrointestinal and Abdominal Radiology 
(ESGAR) developed a consensus-based guide-
line. A summary of the recommendations is 
described in the algorithm (Fig. 9) [68].

gallbladder cancer, the cost of universal gall-
bladder polyp surveillance may not be justifi-
able; the cost-effectiveness might be improved 
by limiting surveillance to polyps between 5 and 
10 mm in size because no study has reported 
neoplasia in an asymptomatic polyp less than 
6 mm in size [50]. Polyps less than 6 mm in size 
are usually benign and most frequently represent 
cholesterolosis. However, although no malig-
nant polyps have been shown to be below 4 mm, 
there is still a risk of adenomas and these polyps 
therefore would still require follow up but on a 
less frequent basis [46]. If the gallbladder polyp 
disappears, then it was likely a pseudopolyp and 
does not require further follow-up.

The recommendations for following small 
gallbladder polyps expectantly may not apply to 
patients with PSC, in whom the risk of malig-
nancy in polypoid lesions of the gallbladder 

Fig. 8  a, b Sonographic view of increasing single gallbladder polyp (from 0.3 cm (arrow) to 1.1 cm) over 10 years. 
After laparoscopic cholecystectomy, the diagnosis reveals cholesterol polyp
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Conclusion

Currently, there remain controversies and chal-
lenges in many aspects of gallbladder polyps. It 
is difficult to differentiate benign lesions from 
malignant gallbladder polyps based on available 
diagnostic modalities. Patients with gallbladder 
polyps should be treated with personalized and 
differentiated strategies. Better understanding of 
the clinicopathologic characteristics, risk factors, 
classification and natural history of gallbladder 
polyps are necessary and larger prospective trials 
involving multiple centers should be conducted.
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Imaging Features 
of Gallbladder Lesions 
Manifesting Wall 
Thickening

Dai Inoue and Akira Izumozaki

Introduction

Various gallbladder diseases ranging from 
benign to malignant cause diffuse or focal wall 
thickening of the gallbladder (>3 mm). For 
favorable management of patients having gall-
bladder wall thickening, appropriate differential 
diagnosis is required. Ultrasonography (US) is 
a widely accepted imaging examination as an 
initial choice for screening and characteriza-
tion of gallbladder wall thickening. With its 
high contrast resolution and accessibility, US is 
frequently applied for patients with abdominal 
symptoms or abnormal liver function. However, 
US diagnostic ability is somewhat operator 
dependent and can be affected by patient fac-
tors (e.g., obesity or intestinal gas). Therefore, 
additional imaging examinations including com-
puted tomography (CT) or Magnetic resonance 
imaging (MRI) are sometimes needed to reach 
final diagnosis. CT is also frequently applied for 
evaluation of gallbladder lesions [1]. An advan-
tage of CT is its high spatial resolution of less 
than 1 mm slice thickness. Especially, since 
multi-detector row CT (MDCT) has enabled the 

gathering of iso-voxel data of less than 1 mm, 
multi-directional evaluation by  multi-planar 
reconstruction has been realized. MRI is also 
considered as a useful imaging modality to 
evaluate the pancreato-biliary system including 
the gall bladder [2]. With its high contrast reso-
lution, it can sensitively describe small amounts 
of hemorrhaging or fat. Additionally, magnetic 
resonance cholangiopancreatography (MRCP) 
is able to describe the whole bile duct and the 
pancreatic duct non-invasively. Being familiar 
with imaging findings in each modality is a key 
step in the procedure for differential diagnosis of 
gallbladder lesions.

Non-neoplastic Lesions

Acute Cholecystitis

Acute cholecystitis is the most frequent inflam-
matory gall bladder disease, and it occurs in 
approximately one-third of patients who have 
gallstones. Most cases present with chole-
lithiasis in the gall bladder neck or cystic duct 
leading to obstruction of bile flow. Patients usu-
ally  complain of right upper abdominal pain 
(Murphy sign) or fever elevation accompa-
nied with evidence of inflammation in serum 
tests (WBC, CRP). US examinations describe 
 cholelithiasis with diffuse wall thickening by 
focusing on the sonolucent layer reflecting 
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US and the less invasive evaluation of bile duct 
anatomy in MRCP is helpful for presurgical 
planning [8]. When inflammation or infection of 
acute cholecystitis gets worse, it leads to more 
severe conditions including gangrenous chol-
ecystitis or emphysematous cholecystitis. US 
examinations can describe linear hyper-echoic 
structures that represent sloughed epithelium 
due to necrosis (Fig. 3) [9]. Additionally, intra-
luminal hemorrhaging sometimes is shown as 
heterogeneous hyper-echoic shadows. Sloughed 
epithelium can be depicted as hyperattenuat-
ing linear structures on CT, and in some cases, 
necrotic epithelium or intra-mural hemorrhag-
ing are described as hyper attenuation along 
with the gallbladder wall. On dynamic study, 
there is diffuse or partial lack of enhance-
ment in the epithelial layer in both arterial and 
venous phase images (Fig. 4) [10]. This find-
ing also corresponds to epithelial necrosis and 
useful findings suggesting gangrenous chole-
cystitis. Additionally, luminal protrusions or peri-  
cholecystic abscesses are also frequently seen in 
this condition (Fig. 5) [9, 11, 12]. For evaluation 
of the spread of abscesses, CT is superior to US. 
Emphysematous cholecystitis is another mani-
festation of severe acute cholecystitis that could 

the submucosal edema (Fig. 1) [3]. Adding to 
these findings, a sonographic Murphy sign is 
also helpful for diagnosis of acute cholecystitis 
[4]. Although US examination is useful for 
 diagnosis of acute cholecystitis, it should be 
noted that US sometimes has blind areas due 
to large cholelithiasis (acoustic shadow) or 
intestinal gas leading to less sensitive evalu-
ation of gallbladder wall thickening or peri- 
cholecystic inflammation. On CT examinations, 
acute cholecystitis typically demonstrates dif-
fuse low-attenuating wall thickening which 
accompanies the cholecystitis. On dynamic CT, 
transient staining in the hepatic parenchyma 
neighboring the gall bladder reflects the hyper-
emic state due to acute inflammation in the 
gallbladder (Fig. 2). This can be seen in arte-
rial phase images, and layered wall structures 
are clearly depicted. CT is also useful to evalu-
ate secondary findings such as peri-cholecystic 
fluid collection or fat stranding, and peri-portal 
edema [5, 6]. In MRI, a thickened gallblad-
der wall is shown as a hyper-intensity structure 
on T2-weighted images reflecting the edema-
tous change [7]. MRI is usually not required 
for diagnosis of acute cholecystitis. However, 
it sometimes can depict small cholelithiasis or 
debris collection with greater sensitivity than 

Fig. 1  US image of acute cholecystitis. US shows wall 
thickening of gallbladder with sonolucent layer (arrows)

Fig. 2  Dynamic CT image of acute cholecystitis. 
Gallbladder wall thickening with edematous change 
is described. Transient staining of neighboring hepatic 
parenchyma is also demonstrated (arrows)
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be lethal. Intra-mural gas is usually described 
as linear or heterogeneous echogenic struc-
tures along the gallbladder wall. CT can clearly 
 demonstrate intra-mural gas directly (Fig. 6). 
Thus, when emphysematous cholecystitis is sus-
pected in the clinical course or from US exami-
nation, we should consider CT to confirm the 
diagnosis [12].

Chronic Cholecystitis

Chronic cholecystitis is a condition usually 
accompanied by gall stones. Typical imaging 
findings are diffuse gallbladder wall thickening 
with delayed enhancement reflecting the fibrosis 
due to chronic inflammation in the gallbladder 

Fig. 3  US image of gangrenous cholecystitis. Liner 
hyper-echoic structures are described (suspected 
sloughed epithelium, arrows)

Fig. 4  Dynamic CT image of gangrenous cholecysti-
tis. Thickened wall lacks enhancement due to necrosis 
(arrows)

Fig. 5  Dynamic CT image of gangrenous cholecystitis. 
Luminal protrusion due to wall necrosis and perforation 
is demonstrated (arrow)

Fig. 6  Dynamic CT image of emphysematous cholecys-
titis. Intra-mural gas is clearly shown (arrow)
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low-density nodule, and lack of intra-hepatic 
bile duct dilatation have been reported as use-
ful findings to distinguish this condition from 
gallbladder carcinoma though, discrimination 
still remains challenging for some cases [16]. 
The usefulness of MRI is controversial although 
lipid-rich portions sometimes can be described 
in T1-weighted images (chemical shift images) 
(Fig. 8) [17].

Adenomyomatosis

Adenomyomatosis is an acquired condition led 
by epithelial proliferation. The proliferated epi-
thelium extends deep into the muscular layer 
forming Rokitansky-Aschoff sinuses (RAS).  
The affected gallbladder wall is thickened 
focally, segmentally, and diffusely [18]. Focal 
type is most commonly observed in fundus with 
segmental type in the body leading to a waisted 
shape (Fig. 9). Usually, this condition is asymp-
tomatic and found incidentally. Typical US find-
ing includes wall thickening with a comet-tail 
sign (representing the cholesterol crystals in 
RAS causing reverberation artifacts). This find-
ing is considered as highly suggestive for the 
diagnosis of this condition (Fig. 10). RAS struc-
tures could be described as multiple cystic areas 
in the thickened wall lined by a hyper-enhanced 
layer (corresponding to the invaginated epithe-
lium) on dynamic CT. Additionally, observing 
in multiple angles using MPR images make it 
easy to detect multiple focal lesions or describe 
waist-shaped gallbladder characteristics for seg-
mental adenomyomatosis. However, in the cases 
of adenomyomatosis with small RAS structures, 
it is difficult to depict them on CT images, and 
they can be confused with other conditions caus-
ing gallbladder wall thickening. Calcifications 
are sometimes detected in the thickened wall. 
For typical cases, the role of MRI is limited. 
However, for atypical cases or indeterminate 
cases, high contrast resolution of MRI/MRCP is 
helpful to describe RAS structures in the thick-
ened wall [19] (Fig. 11). RAS structures usually 
present hypo-signal intensity in T1 weighted 
images and hyper-intensity in T2 weighted 

wall. Wall thickening can sometimes appear 
irregular although peri-cholecystic infiltra-
tion or peri-cholecystic fluid is usually absent. 
Edematous wall thickening is rarely seen. 
When wall thickening is focal or localized, it is 
extremely difficult to distinguish from gallblad-
der carcinoma [13]. Xanthogranulomatous chol-
ecystitis is a rare form of chronic cholecystitis 
[14, 15]. Pathologically, it is characterized by 
intra-mural inflammation, the result of extrava-
sation of bile juice through Rokitansky-Aschoff 
sinuses or infected epithelium. This intra-mural 
infection consists of inflammatory cell infiltra-
tion including lipid-laden macrophages and 
fibrosis. Given this pathological background, 
affected gallbladder walls show wall thickening 
containing hypoechoic areas. On dynamic CT, 
the thickened walls often demonstrate heteroge-
neous attenuation corresponding to the fibrous 
portion and hypercellular areas (Fig. 7) [15]. 
Multiple calcifications can also be seen in CT. 
When an inflammation penetrates the gallblad-
der wall structure, peri-cholecystic, or neigh-
boring liver parenchymal inflammation can be 
seen leading to difficulty in differential diagno-
sis from carcinoma [14]. Several CT findings 
such as continuity of mucosal line, intra-mural 

Fig. 7  Dynamic CT image of xanthogranulomatous 
cholecystitis. Gallbladder wall is remarkably thickened 
containing low-attenuating area (arrow). Luminal surface 
is relatively smooth
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MRCP (Pearl necklace sign) [21]. For any cases 
describing the RAS structures in the thickened 
wall, we should consider which modality is the 
best to depict them for patients in whom adeno-
myomatosis is suspected.

images reflecting the trapped bile in the RAS 
[20]. When viscosity of the bile in the RAS 
increases, RAS structures show hyper-intensity 
in T1 weighted images (Fig. 12). In diffuse-
type adenomyomatosis, intra-mural multiple 
RAS structures appear like strings of pearls in 

Fig. 8  MRI (a T1WI in phase, b T1WI out of phase) of xanthogranulomatous cholecystitis. Small nodular structure 
showing hyper-intensity in T1WI in phase image demonstrates signal drop in T1WI out of phase suggesting small 
amount of fat-containing portion (arrow)

Fig. 9  Dynamic CT image of adenomyomatosis. 
Gallbladder shows waisted shape with multiple RAS 
structures (arrow)

Fig. 10  US image of adenomyomatosis. US demon-
strates comet-tail sign (arrow)
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favorable response to steroid therapy. The 
organs frequently affected include lacrimal or 
salivary glands, lungs, pancreas, bile duct, kid-
neys, and the aorta [22]. In the biliary system, 
intra or extra bile ducts are known to be highly 
involved parts, although recent reports sug-
gest that the gallbladder could also be a target 
organ of IgG4-RD. IgG4-related cholecystitis 
is pathologically characterized by lymphop-
lasmacytic infiltrations, obliterative phlebitis,  
and fibrosis [23]. Abundant IgG4-bearing cells 
are also found in the thickened walls. As with 
other organs like lung or pancreas,  destructive 
change is rarely seen in IgG4-related cholecys-
titis and the epithelium layer is usually intact. 
Considering its pathological background, IgG4-
related cholecystitis is described as wall thick-
ening with a hyper-enhanced epithelium lining 
the luminal surface (Fig. 13) [24]. Usually, 
peri-cholecystic inflammation or intra-mural 
calcification is not observed. Additionally, this 
condition is usually observed as a gallbladder 
manifestation of systemic disease IgG4-RD. 
Detecting IgG4-related lesions in other organs is 
a key step to suggesting this condition in clini-
cal practice. Thus, being familiar with imaging 

IgG4-Related Cholecystitis

IgG4-related disease (IgG4-RD) is a recently 
established systemic disease. It is characterized 
by predominant occurrence in elderly males 
with serum IgG4 elevation, simultaneous or 
metachronous involvement systemic organs, and 

Fig. 11  MRCP of adenomyomatosis. MRCP clearly 
describes multiple RAS structures (arrow)

Fig. 12  T1WI of adenomyomatosis. Some RAS struc-
tures present hyper-intensity due to the increase of vis-
cosity of the trapped bile (arrow)

Fig. 13  Dynamic CT image (coronal image) of IgG4-
related cholecystitis. Gallbladder wall thickening is 
homogeneous and luminal surface is totally smooth. 
Autoimmune pancreatitis (IgG4-related pancreatitis) is 
also shown (arrow)
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multi-nodular parenchyma) or secondary signs 
for portal hypertension (collateral formations, 
varices, and splenomegaly) are also frequently 
seen.

Other causes of diffuse edematous gallblad-
der wall thickening such as heart or renal 
failure should also be noted. In these conditions, 
portal hypertension due to elevation of venous 
 pressure or decreased intravascular osmic pres-
sure is  suspected to be the mechanisms of wall 
thickening. Imaging findings of wall thicken-
ing due to other organ dysfunctions are usu-
ally non-characteristic (diffuse edematous wall 
 thickening, lack of gallbladder stones or dis-
tention, less peri-cholecystic inflammation). 
Therefore, when we find diffuse edematous 
gallbladder wall thickening, it is important to 
consider the possibility of secondary wall thick-
ening and check other organs to avoid diagnostic 
delay for these organ failures.

Secondary Involvement 
from Extracholecystic Inflammation

Gall bladder wall thickening can also be seen as 
being secondary to inflammation in other organs 
including acute pancreatitis [28], pyelonephritis 

features of IgG4-related lesions in frequently 
involved organs is crucial to make correct diag-
nosis of IgG4-related cholecystitis. At the same 
time, if IgG4-related cholecystitis is suspected, 
systemic screening using contrast-enhanced 
CT or FDG-PET and checking the serum IgG4 
value would be helpful.

Systemic Disease or Condition

Gallbladder wall thickening can sometimes 
occur secondary to extra-gall bladder condi-
tions. Acute hepatitis is well known to cause 
gall bladder wall thickening. On US and CT, 
diffuse edematous wall thickening is the typi-
cal imaging finding without gallbladder stones. 
Additionally, the gallbladder lumen is usually 
collapsed supposedly due to insufficient pro-
duction of the bile juice [25]. Peri-cholecystic 
stranding is usually absent. Patients with 
acute hepatitis rarely have Murphy’s symp-
tom and they usually present abnormal eleva-
tion of liver enzymes higher than those seen 
in patients with acute cholecystitis. In acute 
hepatitis, liver parenchymal enlargement and 
edematous change in Glisson’s sheath are fre-
quently observed and this morphological change 
is depicted as peri-portal echogenicity in US 
examinations and hypo-density areas along 
with intra-hepatic portal veins. MRI, especially 
T2 weighted images, can describe peri-portal 
edema as hyper-intensity [26]. Thus, when 
there is diffuse edematous wall thickening of 
the gallbladder without distention or abdomi-
nal pain suggesting acute cholecystitis, acute 
hepatitis should be considered as a cause of 
wall  thickening. Chronic liver diseases or liver 
cirrhosis are also causes of edematous gall-
bladder wall thickening without distention or 
acute symptoms [1]. In these conditions, portal 
hypertension and hypoalbuminemia are con-
sidered as the mechanism of wall thickening. 
US and CT findings are usually similar to those 
seen in acute hepatitis including diffuse edema-
tous wall thickening, lack of peri-cholecystic 
inflammation, or distention (Fig. 14) [27]. Liver 
morphology (irregular edge, heterogeneous/

Fig. 14  Dynamic CT of liver cirrhosis. Gallbladder 
wall shows edematous change due to portal hypertension 
(arrow)
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include irregular wall thickening with invasion 
to neighboring fat tissue or liver parenchyma 
[31–34]. On US, the affected wall usually 
shows pronounced and irregular wall thickening, 
and the gallbladder configuration usually has 
become asymmetric. Heterogeneity and mural 
irregularity are considered highly suggestive for 
gallbladder carcinoma [34]. Contrast-enhanced 
CT also shows irregular wall thickening with 
heterogeneous attenuation. Mural irregular-
ity or extramural invasion to adjacent fat tis-
sue or liver parenchyma are also seen (Fig. 15). 
Additionally, peri-cholecystic vascular invasion, 
lymph node enlargement, or peritoneal dis-
seminations are suggestive for the diagnosis of 
gallbladder carcinoma [32]. The extent of liver 
parenchymal or hepatic hilar invasion or vas-
cular invasion is more precisely evaluated in 
 contrast-enhanced CT images by observing from 
multiple directions (Axial, sagittal, and coronal 
images) using MPR technique. As noted above, 
advanced gallbladder carcinoma is a relatively 
less difficult diagnosis to make, although early 
stage carcinomas often present only mild wall 
thickening without secondary signs like invasion 
to adjacent tissue or vascular invasion, which 
leads to diagnostic challenges. Unlike chronic 

[29], and peritonitis. Usually, the wall thick-
ening is caused by direct involvement from 
the inflammation’s primary site. Identifying pri-
mary site/cause of inflammation is a key step to 
distinguishing this cause from acute cholecys-
titis or other organ dysfunctions noted above. 
Contrast-enhanced CT has an advantage over 
US in seeking the primary site due to its being 
less operator dependent as well as its spatial 
resolution.

Neoplastic Lesions

Primary Gallbladder Carcinoma

Gallbladder carcinoma is the most impor-
tant differential diagnosis of gallbladder wall 
thickening, and maximum attention should 
be paid to this when gallbladder wall thick-
ening is detected. Gallbladder stones are a 
 well-known risk factor of gallbladder carcinoma 
and frequently coexist with carcinoma [30]. 
Gallbladder carcinoma can manifest various 
imaging features including focal or diffuse wall 
thickening and polypoid lesions. Concerning 
wall thickening types, typical imaging findings 

Fig. 15  Dynamic CT of Gallbladder carcinoma (a Axial, b Oblique image). Gallbladder wall is heterogeneously 
thickened (a arrow). Hepatic parenchymal invasion is also noted (b arrow)
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Radiology. 1980;134(1):191–4.

 12. Grayson DE, Abbott RM, Levy AD, Sherman 
PM. Emphysematous infections of the abdo-
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and tumorlike lesions of the gallbladder and extra-
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Armed Forces Institute of Pathology. Radiographics. 
2002;22(2):387–413.

 14. Chun KA, Ha HK, Yu ES, Shinn KS, Kim KW, Lee 
DH, et al. Xanthogranulomatous cholecystitis: CT 
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Yoshikawa Y. Xanthogranulomatous cholecystitis: 

cholecystitis, carcinoma more frequently dem-
onstrates mural irregularity even in the early 
stage [32, 34]. Thus, detailed evaluation of the 
lining epithelium layer or gallbladder configura-
tion by US or CT is essential for early diagnosis 
of non-advanced gallbladder carcinoma.

Other Malignancies

Malignant lymphoma or metastatic tumors 
can be seen in the gallbladder, but they are 
extremely rare and characteristic imaging fea-
tures have not been established. Metastatic 
tumors are more often found as nodular lesions 
rather than wall thickening ones [35]. Imaging 
features are similar to those in primary tumors. 
Hyper-vascular tumors like hepatocellular car-
cinoma or renal cell carcinoma are well-known 
primary sites, and likewise metastatic tumors in 
the gallbladder also demonstrate hyper-vascular 
lesions [36].

Conclusion

As noted in this chapter, various conditions 
including acute or chronic inflammation, sys-
temic disease, and malignancies occur in the 
gall bladder as demonstrated by wall thickening. 
We explained characteristic imaging findings for 
each of various conditions sharing demonstrable 
figures, although they have large overlaps and 
it is sometimes challenging to reach the correct 
diagnosis in clinical practice. Thus, for adequate 
management for patients with gallbladder wall 
thickening, making diagnosis through a com-
prehensive approach including clinical, imag-
ing, and pathological examinations should be 
mandatory.
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Prophylactic 
Cholecystectomy 
in Patients 
with Concomitant 
Gallstones After Removal 
of CBD Stones by ERCP

Byung Kyu Park

Introduction

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) and stone removal are the cur-
rent standard treatments for common bile duct 
(CBD) stones. CBD stones predominantly origi-
nate in the gallbladder (GB) and migrate to the 
CBD, or may primarily form in the CBD. The 
remaining GB stones after ERCP stone removal 
may later migrate to the CBD and cause compli-
cations such as biliary obstruction, acute chol-
angitis, and gallstone pancreatitis. Moreover, 
GB stones themselves cause biliary colic and 
acute cholecystitis. Therefore, cholecystectomy 
seems a reasonable method for reducing CBD 
stone recurrence and its complications when GB 
stones are present.

Prospective studies of patients with con-
comitant GB stones who underwent ERCP 
stone removal have shown that cholecystectomy 
reduces the risk of recurrent biliary events com-
pared to the wait-and-see policy [1, 2]. In addi-
tion, several retrospective studies recommend 
cholecystectomy after ERCP stone removal 

[3–6]. However, other studies have shown that 
elective cholecystectomy after ERCP stone 
removal does not reduce the incidence of recur-
rent biliary complications [7–11]. In recent 
years, after endoscopic CBD stone removal, 
prophylactic cholecystectomy in patients with 
GB stones is generally recommended to reduce 
biliary complications. However, the necessity of 
cholecystectomy is frequently debated.

Endoscopic sphincterotomy (ES) is generally 
required for CBD stone removal. In this proce-
dure, the biliary orifice is widened so that the 
subsequent small CBD stone or sludge can pass 
spontaneously into the duodenum without caus-
ing an obstruction. Additionally, ES can reduce 
recurrent pancreatitis by separating the biliary 
and pancreatic orifice, eliminating common 
channels [12]. ES alone may reduce recurrent 
biliary complications.

Laparoscopic cholecystectomy is preferred 
over open cholecystectomy as surgical treatment 
because it has a lower morbidity and requires a 
shorter hospital stay. However, 3–20% of lapa-
roscopic cholecystectomies require conversion 
to open cholecystectomy because of techni-
cal difficulties such as bleeding and adhesions 
[13, 14]. Furthermore, elderly patients, who 
make up the majority of patients with compli-
cated gallstone disease, have a higher incidence 
of comorbidity, an increased conversion rate to 
open cholecystectomy, and higher morbidity and 
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stone recurred in 15% of the patients. The risk 
factors of acute cholecystitis include nondilated 
CBD (<11 mm) and absence of jaundice (serum 
total bilirubin <1.3 mg/dL) at the time of CBD 
stone removal [29]. Small CBD stones in asso-
ciation with a nondilated CBD are more likely 
to originate from the GB. If cholecystectomy is 
not performed in such patients, development of 
acute cholecystitis due to cystic duct obstruction 
by a small gallstone is a risk during passage of 
gallstones.

Prophylactic Cholecystectomy

Several retrospective, prospective, and  population- 
based studies of cholecystectomies performed 
after ERCP stone removal have been con-
ducted. Each study differs in design, includ-
ing sample size, follow-up duration, age of the 
patients studied, and whether only patients with 
GB stones or those with intact GB are included 
(Table 1).

Patients Without GB Stones

Patients without GB stones have a lower recur-
rence rate of CBD stone than do patients with 
GB stones [3, 4, 19]. Furthermore, CBD stone 
recurrence rate was lower in patients with acal-
culous GB in situ than in patients who had 
previously undergone a cholecystectomy [4]. 
Theoretically, because GB stone migration from 
the GB is a possible mechanism of CBD stone 
recurrence, a patient without GB stones is not 
considered a surgical candidate. It has also been 
reported that a GB without stones after ERCP 
stone removal does not increase the risk of acute 
cholecystitis [3]. A GB without gallstones after 
ERCP stone removal helps to wash away bile 
and prevent new stone formation or flush out 
newly produced gallstones [30]. Therefore, pro-
phylactic cholecystectomy after ERCP stone 
removal is not generally recommended in 
patients without GB stones in terms of its pre-
ventive effect on recurrent CBD stones.

mortality than do younger patients. Therefore, 
the  wait-and-see policy without cholecystec-
tomy can be considered in elderly or surgically 
high-risk patients [15, 16]. In addition, optimal 
timing of cholecystectomy after ERCP stone 
removal is important to reduce recurrent biliary 
events and the conversion rate to open cholecys-
tectomy; however, there is no consensus on this.

Biliary Complications After ERCP 
Stone Removal

After successful removal of CBD stones, biliary 
complications such as recurrent CBD stones and 
cholecystitis occur in 7–47% of patients within 
2.5–15 year follow-up periods [17–21]. The risk 
factors for the development of biliary complica-
tions include GB stones, dilated CBD, mechani-
cal lithotripsy, periampullary diverticulum, and 
bile duct strictures [11, 17, 20, 22–25].

Considering CBD stone recurrence, its inci-
dence after ERCP stone removal has found to 
be 2–22% in follow-up studies [17–21, 24–27] 
and 11.3% in a population-based study [28]. 
Recurrence of CBD stones after ERCP stone 
removal is caused by a number of mechanisms. 
Migration of the GB stone into the CBD is an 
important mechanism. Moreover, reflux of duo-
denal contents into the bile duct, stricture at the 
ES site, and dilated CBD lead to bile stasis and 
bacterial infection with consequent sludge and 
stone formation in the CBD.

Acute cholecystitis is another concern 
in patients who have undergone CBD stone 
removal, especially in patients with GB stones. 
The risk of acute cholecystitis has been sug-
gested to be increased after ES. Dysfunction of 
the biliary sphincter after ES might be a cause 
of reflux of duodenal contents into the bile duct 
and biliary infection, leading to infection of the 
GB and subsequent cholecystitis [3].

The development of acute cholecystitis is 
a definite indication of cholecystectomy. A 
study of 100 patients who had their CBD stone 
removed without cholecystectomy reported that 
acute cholecystitis occurred in 17% and CBD 
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Patients with GB Stones

Patients with GB stones are considered to have 
an increased risk of recurrent CBD stone sec-
ondary to stone migration from the GB and 
subsequent acute cholecystitis. There has been 
much research on the prophylactic effect of 
cholecystectomy after ERCP stone removal. 

Some studies recommended cholecystectomy, 
while others do not. Most of these studies had 
had small sample sizes, short follow-up dura-
tions, and retrospective chart reviews; moreover, 
there is a lack of large randomized studies.

Schreurs et al. conducted a large cohort 
study of 447 patients with symptomatic GB and 
CBD stones. Of these patients, 164 underwent 

Table 1  Studies of prophylactic cholecystectomy in patients who underwent ERCP stone removal

RCT, randomized controlled trial; GB, gallbladder; yrs, years

Study Year Country Design Subgroups of 
patients

No. of patients Follow-up 
duration (yrs)

Recommen-
dation of 
cholecystec-
tomy

Hammarstrom 
et al. [8]

1996 Sweden Retrospective Intact GB 265 5.8 No

Pereira-Lima 
et al. [5]

1998 Germany Retrospective Intact GB 203 6.2 Yes

Lai et al. [9] 1999 China Retrospective Intact GB 140 3.6 No

Boerma et al. 
[1]

2002 Netherlands Prospective, 
RCT

With GB 
stones

120 2.0 Yes

Schreurs et al. 
[10]

2004 Netherlands Retrospective With GB 
stones

242 5.9 No

Lau et al. [2] 2006 China Prospective, 
RCT

≥60 yrs, with 
GB stones

178 5.0 Yes

Kageoka et al. 
[4]

2009 Japan Retrospective With GB 
stones

175 5.1 Yes

Lai et al. [6] 2012 Taiwan Retrospective With GB 
stones

183 Yes

Cui et al. [3] 2013 Korea Retrospective Intact GB 232 6.1 Equivocal

Heo et al. [7] 2015 Korea Prospective, 
RCT

With GB 
stones

90 3.4 No

Song et al. 
[11]

2016 Korea Retrospective Intact GB 317 2.1 No

Nakai et al. 
[43]

2016 Japan Retrospective EPBD, with 
GB stones

294 4.2 Yes

Elmunzer et al. 
[37]

2017 United States Population-ba-
sed

≥65 yrs, intact 
GB

11,808 6.0 Yes

Huang, et al. 
[32]

2017 United States Population-ba-
sed

Intact GB 4,516 – Yes

Young et al. 
[36]

2017 Taiwan Population-ba-
sed

≥70 yrs, galls-
tone pancre-
atitis

670 – Yes

Park et al. [28] 2018 Korea Population-ba-
sed

With GB 
stones

16,910 4.2 Yes

Khan et al. 
[31]

2018 – Meta-analysis – 916 – Yes
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cholangitis, and the authors suggested that chol-
ecystectomy should be limited to patients with 
symptomatic GB stones [7]. Furthermore, sev-
eral retrospective studies show different results 
on this issue [3–6, 8, 9, 11].

A recent meta-analysis of 7 randomized 
control trials with 916 patients showed no dif-
ference in mortality between patients who 
underwent cholecystectomy after ERCP stone 
removal and patients who did not. In addition, 
there was no difference in the rate of acute pan-
creatitis between the two groups. However, 
pooled relative risk (RR) for occurrence of bil-
iary colic and cholecystitis in the wait-and-see 
policy patients was 9.82 (4.27–22.59) compared 
to prophylactic cholecystectomy patients, and 
the RR for cholangitis and recurrent jaundice 
was 2.16 (1.14–4.07). Therefore, the author 
recommended laparoscopic cholecystectomy 
because of the lower rates of subsequent recur-
rent cholecystitis, cholangitis, and biliary colic, 
even in high-risk surgical patients [31].

A Korean population-based study reported 
different CBD stone recurrence rates in 
patients with GB stones who underwent 
cholecystectomy after ERCP stone removal 
and those who did not. During the follow-
up period, CBD stone recurrence occurred 
in 7.92% (920/11,617) in the cholecystec-
tomy group and in 14.60% (773/5,293) in 
the  no-cholecystectomy group. The recurrence 
rate of CBD stone in the no-cholecystectomy  
group was about two times than that in  
the cholecystectomy group (RR = 1.961, 95% 
CI = 1.783–2.158, p < 0.0001). The RR for CBD 
stone recurrence in the no-cholecystectomy 
group compared with the cholecystectomy 
group was 3.198 in patients aged <50 years, 
2.371 in patients aged 50–59 years, 1.618 in 
patients aged 60–69 years, and 1.262 in patients 
aged ≥70 years. The RR for CBD stone recur-
rence in the  no-cholecystectomy group was 
higher in younger patients. As age increased, the 
RR decreased. The authors recommended chol-
ecystectomy in patients aged < 70 years with GB 
stone to reduce the risk of CBD stone recurrence 
as well as cholecystitis, and it was strongly rec-
ommended for relatively younger patients [28].

ERCP stone removal and no additional chol-
ecystectomy, and 78 underwent cholecystec-
tomy after ERCP stone removal. Of the patients 
who underwent only ERCP stone removal, 27 
(16%) developed recurrent biliary complica-
tions. Specifically, 12 had recurrent CBD stones, 
3 developed cholangitis, and 1 had papillary ste-
nosis. Of these 27 patients, 13 underwent chole-
cystectomy. Of the cholecystectomized patients, 
6 (7.6%) developed recurrent biliary complica-
tions. In patients who did not undergo cholecys-
tectomy, the risk of biliary complications was 
similar to that in the normal population with 
silent stones. The authors concluded that when 
CBD stones are successfully removed and the 
patient is asymptomatic, routine prophylactic 
cholecystectomy is not required [10].

Boerma et al. conducted a randomized, 
prospective study that evaluated 120 patients 
with GB stones who underwent ERCP stone 
removal. All patients underwent ERCP and 
were randomized to a wait-and-see policy arm 
(64 patients) versus laparoscopic cholecystec-
tomy (56 patients). They found that 47% of the 
 wait-and-see group developed recurrent bil-
iary symptoms compared with 2% of the lapa-
roscopic cholecystectomy group, and 22 of 27 
(81%) patients in the wait-and-see arm subse-
quently underwent cholecystectomy for recur-
rent biliary symptoms. The conversion rate to 
open cholecystectomy was 55% in the wait-and-
see group and 23% in the laparoscopic chol-
ecystectomy group. The authors concluded that 
a  wait-and-see policy after ERCP stone removal 
in patients with concomitant GB stones cannot 
be recommended as standard treatment given the 
high rate of recurrent biliary symptoms and high 
conversion rate to open cholecystectomy [1].

In another prospective study, further biliary 
events after ERCP stone removal developed 
more frequently in patients with GB in situ than 
in cholecystectomized patients (24% versus 
7%). The most common biliary event in both 
groups was cholangitis, for which the authors 
recommended cholecystectomy, just as in the 
previous report [2]. However, in a recent pro-
spective study, cholecystectomy after CBD stone 
removal failed to reduce additional recurrent 
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for patients over 70 years old. The authors rec-
ommended to decide the cholecystectomy for 
patients over 70, considering the risk of opera-
tion and the comorbid illnesses [28].

Young et al. conducted a propensity score 
matching population-based study of 670 patients 
over 70 years of age to evaluate the preven-
tive effect of cholecystectomy against recurrent 
pancreatitis. The incidence rate of recurrent 
pancreatitis was 12.39 per 1000 person-year in 
the cholecystectomy cohort and 23.94 per 1000 
person-year in the control cohort. The risk of 
recurrent pancreatitis was significantly lower 
in the cholecystectomy cohort (hazard ratio 
[HR] = 0.56, 95% CI = 0.59–0.95, p = 0.021). 
The HR for all-cause mortality among the chol-
ecystectomy cohort was 0.75 (95% CI = 0.59–
0.95; p = 0.016) compared with the control 
cohort. The authors concluded that prophylac-
tic cholecystectomy should be recommended in 
these elderly patients [36].

Furthermore, in a population-based study of 
patients over 65 years of age, prophylactic chol-
ecystectomy was significantly associated with a 
50–70% RR reduction in recurrent CBD stones, 
cholangitis, and gallstone pancreatitis com-
pared to only ES. This benefit was preserved 
in patients over the age of 75 and in those with 
serious comorbidities such as cancer and heart 
failure, and did not appear to be outweighed by 
surgical complications [37].

Endoscopic Balloon Biliary Dilatation

Endoscopic papillary balloon dilation (EPBD) 
can be another alternative to ES in selected 
patients, such as those with an altered anatomy 
or at bleeding risk. Several studies have shown 
that EPBD alone or in combination with small 
ES and lithotripsy can be used for the man-
agement of difficult biliary stones [38–40]. 
The advantage of EPBD is that it can preserve 
the biliary sphincter function, which prevents 
 duodeno-biliary reflux and bacterial contamina-
tion [41].

In a prospective multicenter randomized con-
trolled trial that compared the early outcomes 

In addition, Huang et al. reported that the 
cumulative incidence of recurrent biliary 
events 60 days after discharge was 10.3% in 
the no-cholecystectomy group, 1.4% in the 
early cholecystectomy group, and 1.3% in the 
delayed cholecystectomy group. Prophylactic 
cholecystectomy within 60 days after ERCP 
was associated with 87–88% RR reduction 
for recurrent biliary events compared to the 
 no-cholecystectomy group [32].

Elderly Patients

Due to comorbidities and low-performance sta-
tus, elderly patients are thought to be at risk of 
increased perioperative morbidity and mor-
tality. A systemic review demonstrated that 
early cholecystectomy for acute cholecystitis 
in patients aged ≥70 years is associated with a 
perioperative morbidity of 24% and a mortality 
of 3.5% [33]. These rates are higher than those 
in  non-elderly patients, which have been inves-
tigated in a meta-analysis, being approximately 
15% and <1%, respectively [34].

Some investigators do not recommend chol-
ecystectomy after ERCP stone removal in 
elderly patients with GB stones [15, 16]. In a 
 cost-effectiveness analysis, cholecystectomy was 
not recommended in elderly patients considering 
economic and survival benefits [15]. According 
to a Japanese study, in very elderly patients 
(those older than 80), the incidence of acute 
cholecystitis is low even when GB is preserved 
after ERCP stone removal, with a similar risk 
of CBD stone recurrence. The author does not 
recommend cholecystectomy after ERCP stone 
removal in very elderly patients [16]. GB con-
tractile function in very elderly patients might 
decline, and they rarely develop acute cholecys-
titis. The low incidence of acute cholecystitis in 
very elderly patients might be explained by the 
decreased preference for fatty foods by older 
patients, which can trigger the development of 
cholecystitis [35].

In a previous Korean population-based study, 
the RR reported for CBD stone recurrence in 
the no-cholecystectomy group was only 1.262 
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 population-based cohort studies, the propor-
tion of patients who underwent no-cholecystec-
tomy after ERCP stone removal was 48% in the 
United States [32] and 78.8% in Taiwan [44]. 
The rate of laparoscopic cholecystectomy was 
over 95% in Australia and 90% in the United 
States [32]. In contrast, the population-based 
study in Taiwan found that the proportion of 
patients undergoing laparoscopic cholecystec-
tomy was only 51.16%. In addition, the dura-
tions of hospital stay were longer in the open 
surgery group. This is one reason for the rela-
tively low rate of prophylactic cholecystectomy 
in Taiwanese patients [44]. Whether cholecys-
tectomy is performed in the actual clinical field, 
is influenced by hospital factors such as volume 
and location, and patient factors such as race 
and insurance status.

Timing of Prophylactic 
Cholecystectomy

The timing of cholecystectomy following ERCP 
is also important. Traditionally, surgeons have 
been reluctant to perform early cholecystectomy 
because of concerns about inflammation, which 
may increase the risk of surgical complications. 
Generally, a cholecystectomy after ERCP stone 
removal is classified as early cholecystectomy 
if performed during index admission, delayed 
cholecystectomy if performed within 60 days of 
discharge, and no-cholecystectomy if not per-
formed within 60 days of discharge [32, 44–46]. 
Early cholecystectomy is also often defined as 
a cholecystectomy performed within 72 hours, 
7 days, 14 days, or 6 weeks after ERCP [47–50]. 
In the literature, the proportion of early chol-
ecystectomy in patients who underwent chol-
ecystectomy after ERCP stone removal was 
28.6–79.1%, varying by country or medical 
institution [32, 44, 45, 47, 48, 50].

In a retrospective study of patients awaiting 
delayed cholecystectomy (a delayed median of 
7 weeks) following ERCP for CBD stone, 20% of 
all patients had recurrent biliary events during the 
waiting period. The median time between ERCP 
and the development of recurrent complications 
was 22 days. These recurrent complications were 

after ES and EPBD, the overall incidence of late 
biliary complications in the EPBD group was 
significantly lower than that in the ES group 
(10.1% versus 25.0%, p = 0.016). The biliary 
sphincter dysfunction after ES results in addi-
tional late complications [42].

However, according to a propensity  score- 
based cohort study that compared cholecys-
tectomy and the wait-and-see approach after 
EPBD, the rates of late biliary complications 
were 5.4 and 25.2% in the cholecystectomy and 
wait-and-see groups, respectively. Recurrent 
CBD stones rates were 4.1 and 19.0%, and chol-
ecystitis rates were 0.7 and 6.1%, respectively. 
The majority of late complications in the group 
with GB left in situ with stones was CBD stone 
recurrence, which had likely migrated from the 
GB. Preserved papillary function after EPBD 
had no impact on the prevention of CBD stone 
recurrence in this group. The authors recom-
mended prophylactic cholecystectomy to all sur-
gically fit patients after EPBD for CBD stones 
with concomitant GB stones [43].

Decision of Prophylactic 
Cholecystectomy in the Real World

Taken together, the results of previous retrospec-
tive and prospective studies showed equivocal 
outcomes of recommendations for cholecystec-
tomy [1–11, 43]. However, several large-scale 
population-based studies and meta-analyses rec-
ommend cholecystectomy [28, 31, 32, 36, 37].

The decision to perform cholecystectomy in 
patients who undergone ERCP stone removal 
should be considered in two ways. One is the 
effect on the prevention of recurrent biliary 
complications, and the other is the burden on 
morbidity, mortality, and health care expendi-
ture associated with cholecystectomy. Unless 
patients are at high risk for cholecystectomy, it 
is reasonable to recommend cholecystectomy 
for patients with GB stones after ERCP stone 
removal regardless of age. However, in real-
ity, cholecystectomy is not always performed 
in line with patients’ preferences or comor-
bidities in elderly patients. In retrospective 
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A study specifically considering the timing of 
laparoscopic cholecystectomy after ERCP in 
relation to the conversion rate found that it was 
significantly higher when laparoscopic cholecys-
tectomy was performed 2–6 weeks after ERCP 
than when the operation was performed within 
2 weeks after ERCP [56]. In a systemic review 
of 14 studies with 1,930 patients, the conversion 
rate increased when the delay between ERCP 
and laparoscopic cholecystectomy increased. 
The conversion rate was 4.2% when laparoscopic 
cholecystectomy was performed within 24 hours 
of ERCP, and it was 7.6% for 24–76 hours’ 
delay, 12.3% within 2 weeks, 12.3% after 
2–6 weeks, and 14% after more than 6 weeks 
[57]. Recently, however, there are reports sug-
gesting that early cholecystectomy is not associ-
ated with the conversion rate [45, 47, 50].

The rate of complications increases when 
cholecystectomy is delayed. Li et al. reported 
that intra-operative and postoperative com-
plications were higher if surgery was delayed 
for more than 6 weeks after cholangitis [47]. 
In addition, in a recent study by Discolo et al., 
intra-operative, postoperative, and overall com-
plications were higher in the delayed chol-
ecystectomy group than early cholecystectomy 
group [45].

In the United States population-based study, 
a low-volume facility is associated with delayed 
cholecystectomy. Hispanics, Asian races, the 
availability of Medicaid insurance, and no insur-
ance were associated with early cholecystec-
tomy [32]. In a retrospective  population-based 
study, there was wide variability in the rates 
of early cholecystectomy among census areas 
(range 0–96%) and health regions (range 
20–66%) [48]. The reasons for disparity may be 
multifactorial. Individual hospitals use a vari-
ety of approaches in deciding when to operate 
on a patient. The culture of hospitals also has 
a significant impact on the timing of surgery. 
In addition, the availability of acute surgery at 
the institution, the experience of the surgeon, 
the communication between surgeons and 
endoscopists, and the aggressiveness of endo-
scopic management are factors to be considered 
[45, 48, 50].

associated with a significantly longer hospital 
stay [51]. Another retrospective study of patients 
with mild biliary pancreatitis requiring ERCP 
found a strong protective effect of early cholecys-
tectomy against biliary complications compared 
to delayed cholecystectomy [48]. Reinders et al. 
performed a randomized trial of 96 patients with 
GB stones who underwent ERCP stone removal. 
Patients were randomly assigned to groups 
that underwent early cholecystectomy (within 
72 hours after ES, n = 49) or delayed cholecys-
tectomy (after 6–8 weeks, n = 47). During the 
waiting period for cholecystectomy, 17 (36.2%) 
patients in the delayed group developed recur-
rent biliary events compared with 1 patient in the 
early group (p < 0.001) [49]. In addition, early 
cholecystectomy is important because it can 
reduce morbidity during the waiting period for 
elective cholecystectomy, hospital stay, and oper-
ating time [52].

A retrospective cohort study in the United 
States demonstrated practice patterns for per-
forming cholecystectomy following ERCP for 
CBD stones in 4,516 patients. Of these patients, 
41.2% underwent early cholecystectomy (at the 
index admission), 10.9% underwent delayed 
cholecystectomy (within 60 days of discharge), 
and 48.0% underwent no-cholecystectomy. 
Early cholecystectomy reduced RR of recurrent 
biliary events within 60 days by 92% compared 
with delayed or no-cholecystectomy (p < 0.001) 
[32]. On the other hand, a recent Taiwanese 
 population-based study found that early chol-
ecystectomy had no effect on reducing the 
interval recurrent biliary event, but delayed chol-
ecystectomy reduced medical expenses [44].

Delayed cholecystectomy can increase the 
conversion rate to open cholecystectomy. This is 
thought to be due to local inflammation related 
to biliary complications and progression of sub-
sequent scarring as these factors make delayed 
laparoscopic cholecystectomy more difficult. 
Prior randomized studies have demonstrated a 
higher rate of open cholecystectomy when sur-
gery is delayed [1, 2]. Open cholecystectomy 
is associated with increased postoperative pain, 
more pulmonary complications and wound infec-
tions, and a lengthened hospital stay [53–55]. 
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after endoscopic sphincterotomy for choledocho-
lithiasis, and risk factors for recurrence. Endoscopy. 
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quence of endoscopic sphincterotomy for bile duct 
stones. Gastrointest Endosc. 1998;48:465–9.

 20. Sugiyama M, Atomi Y. Risk factors predictive of late 
complications after endoscopic sphincterotomy for 
bile duct stones: long-term (more than 10 years) fol-
low-up study. Am J Gastroenterol. 2002;97:2763–7.

Conclusion

Prophylactic cholecystectomy is recommended 
to reduce recurrent biliary complications in 
patients with GB stones who have undergone 
CBD stone removal. Although this recommen-
dation applies to patients who are very old or 
with comorbid diseases, it is necessary to deter-
mine whether to perform the operation consider-
ing the surgical risk and the patient’s comorbid 
illness. When cholecystectomy is delayed, recur-
rent biliary complications, the rate of conversion 
to open surgery, and postoperative complications 
may increase. Therefore, it is advisable to per-
form early cholecystectomy during the index 
admission period, if possible. However, in prac-
tice, whether and when cholecystectomy is per-
formed, varies between countries, regions, and 
institutions.
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Percutaneous 
Transhepatic Gallbladder 
Drainage (PTGBD)
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Introduction

PTGBD was first reported in 1743 but was not 
used clinically until the late nineteenth century 
[1]. PTGBD was not widely practiced due to 
fear of peritonitis caused by bile leakage during 
and after the procedure, bradycardia and hypo-
tension caused by vagus nerve stimulation. By 
1980, PTGBD and other percutaneous interven-
tion became popular [2, 3].

Nowadays, PTGBD has been widely performed 
as a treatment for the acute cholecystitis. PTGBD 
has been useful in patients who cannot tolerate 
surgical cholecystectomy due to other clinical 
problems and has been used as a conservative or 
curative treatment for critically ill patients [4–9].

Anatomy of Gallbladder

Histologically, the gallbladder consists of a 
columnar epithelial mucosa, a muscular coat, 
a subserosa, and serosa. Unlike ordinary intra-
peritoneal organs, there is no submucosa. The 
gallbladder is a thin-walled  pear-shaped organ 

with a bile bile capacity of about 50–70 mL. 
However, in the case of cystic duct obstruction, 
it has the potential to grow into very large vol-
umes. Both sides and back of the gallbladder 
are completely enclosed by the peritoneum. The 
front surface of the gallbladder is connected to 
the liver by fibroareolar tissue and forms a bare 
area. The gallbladder is sometimes surrounded 
by the colon and freely moves when connected 
by the mesentery. Sometimes it is completely 
located in the liver parenchyma [10]. Since the 
location of normal gallbladder changes in rela-
tion to other organs according to the tumor, 
hepatomegaly, and liver atrophy, it is important 
to identify these anatomical variations using 
ultrasound or CT images for safe percutaneous 
intervention [11, 12]. Because the area around 
the gallbladder neck is fixed to the portal part 
and it is not exposed to the peritoneum, this area 
is used as a main puncture route. If the puncture 
near the gallbladder neck is difficult due to ana-
tomical variation, try to get as close as possible 
to the area. The puncture should be avoided 
as close as possible to the gallbladder fundus 
derived for peritoneum. Avoid puncturing near 
gallbladder fundus exposed to the peritoneum.

Indication of PTGBD

In the case of acute calculous cholecystitis, sur-
gical cholecystectomy is scheduled after sta-
bilizing the patient by PTGBD first when the 
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local anesthesia is performed, and the skin is 
incised 2–3 mm.

The puncture of gallbladder is performed 
with an 18G needle with internal stylet. After 
removing the stylet of the 18G puncture needle, 
confirm the proper puncture by aspiration of 
gallbladder content and injecting contrast media 
under the fluoroscopy guidance. Then, insert the 
0.035” guide wire. After removing 18G punc-
ture needle while remaining 0.035” guide wire, 
dilate the liver parenchymal tract with a dilator 
(usually 8Fr). Finally, insert the locking pigtail 
drainage tube (7–10 Fr, usually 8–8.5 Fr) over 
the 0.035” guide wire [14–17]. All procedures 
are careful not to bend the guide wires or tools 
under the fluoroscopy guidance in the transhe-
patic route and GB entrance. Finally, contrast 
medium is injected to confirm the location of 
the drainage tube, aspiration of all the bile to 
confirm the function of the drainage tube and 
at the same time gallbladder decompression  
(Fig. 1a–e). The number of instruments used is 
reduced and the procedure time is shortened. 
Therefore, there is an advantage of reducing 
pain and peritonitis due to bile leakage occur-
ring during the procedure.

Management of Drainage Tube

Drainage tube should be washed three times 
a day with about 10 mL of saline solution to 
increase the opening period. The drainage tube 
should be removed at least two weeks later. Two 
weeks are required for the maturation of the 
transhepatic route, because removing the drain-
age tube before this may cause the bile leakage 
into the peritoneal space [18].

Complications

PTGBD is an image-guided (ultrasound and 
fluoroscopy) procedure, so the rate of complica-
tion is very low. The incidence of PTGBD com-
plications is 0–8%, which is very low compared 
to about 24% of surgical cholecystostomy. The 

patient’s general condition is severe or when 
emergency surgery cannot be performed, such 
as an elderly patient over 75 years old. Because 
acalculous cholecystitis does not require sur-
gery, PTGBD may be the ultimate treatment. In 
addition, there are cases of empyema, hydrops, 
perforation, and transcholecystic biliary inter-
vention [3–9, 13].

Contraindication of PTGBD

Absolute contraindications are those with a ten-
dency to bleed, platelets below 50,000/cm3, or 
prothrombin times above 15 seconds. A relative 
contraindication is when there is a large amount 
of ascites since is a risk of peritonitis following 
bile leakage or hemoperitoneum.

Puncture Route (Transhepatic vs. 
Transperitoneal)

The advantage of the transhepatic route is that, 
unlike the fundus of the gallbladder, the drain-
age tube is inserted into the gallbladder that is 
attached to the liver and has less movement. 
Therefore, the bile leakage can be prevented 
because it is easy to puncture and can be pressed 
by the liver if there is a bile leakage. The dis-
advantage is the potential risk of hepatic arterial 
bleeding complications.

The transperitoneal route is a direct puncture 
of the gallbladder fundus without passing through 
the liver. It is difficult to puncture the fundus of 
the gallbladder due to severe movement, and if the 
transverse colon covers the gallbladder, there is a 
possibility of perforation. In addition, it is hard to 
insert a drainage tube. Chemical peritonitis may 
occur due to bile leakage during the procedure.

Technique of Procedure

First, when the CT is available, the anatomic 
location of the gallbladder and surrounding 
structures should be assessed, then puncture 
point is determined under ultrasound guidance, 
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Fig. 1  a A 56-year old female with acute calculous 
cholecystitis. Note tense gallbladder and gallstone. b A 
transhepatic puncture of inflamed gallbladder with 18G 
needle. In case of gallbladder puncture, the puncture 
plane is usually parallel to the vertebral body, unlike 
parallel to the rib course in case of bile duct puncture. c 
A 0.035” guide wire was inserted through the puncture 

needle. d A 8.5 Fr locking pigtail drainage tube was 
inserted into the gallbladder. Contrast media filling 
the gallbladder confirmed the position of the drain-
age tube and multiple filling defects of gallstones. e 
Decompression status of the gallbladder after aspiration 
of the inflamed gallbladder content. Note multiple filling 
defects of the gallstones
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main complications are bleeding (hepatic artery 
or cystic artery), bradycardia, and hypotension 
due to vagus nerve stimulation, and peritonitis 
due to bile leakage [19, 20]. In about 5%, the 
gallbladder is not attached to the liver but may 
be wrapped in the peritoneum or suspended by 
the intestinal mesentery. In those cases, there 
is a possibility of bile leakage. If a bile leak-
age is suspected, antibiotics should be admin-
istered and the patient closely monitored. If the 
patient’s condition is not stable, laparoscopy, or 
laparotomy is required. Some physicians insist 
on the use of atropine before the procedure to 
prevent bradycardia and hypotension caused by 
vagus nerve stimulation. For the authors, it is not 
used preemptively and is injected only during 
the procedure when the bradycardia occurs.

Conclusion

PTGBD is the simplest and fastest way to 
quickly normalize a patient’s condition in cases 
of acute cholecystitis [21, 22]. In order to pre-
vent the complications of the procedure, it is 
important to determine the puncture point and 
the route by CT or ultrasound, and to finish the 
procedure in the shortest time using the mini-
mum possible instrument.
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Endoscopic Drainage 
of the Gallbladder: 
Endoscopic 
Transpapillary 
Gallbladder Drainage 
and Endoscopic 
Ultrasonography-Guided 
Gallbladder Drainage

Kenjiro Yamamoto and Takao Itoi

Introduction

Among the gallbladder diseases, acute cholecys-
titis (AC) is one of the most common inflamma-
tory diseases of gastrointestinal (GI) infections. 
Early or emergency cholecystectomy has been 
proposed as the gold standard of treatment for 
patients with AC who do not respond to initial 
conservative treatment based on the latest guide-
line of AC [1, 2],

Although cholecystectomy is relatively safe, the 
morbidity and mortality rates of cholecystectomy 
still remain high in patients at high risk due to 
comorbid conditions [3, 4]. In addition, cholecys-
tectomy cannot be always performed under several 
situations such as few  surgery-related staff particu-
larly at night. Therefore, high-risk patients with 
AC need an alternative nonsurgical gallbladder 
decompressions such as percutaneous transhepatic 

gallbladder drainage (PTGBD), endoscopic trans-
papillary gallbladder drainage (ETGBD), and 
endoscopic  ultrasonography-guided gallbladder 
drainage (EUS-GBD).

PTGBD is traditionally considered as a safe 
alternative procedure of early cholecystectomy, 
especially in critically ill patients with AC [5]. 
The latest guidelines demonstrate that PTGBD 
should be recommended as a first alternative 
to surgical intervention in such cases [1, 2]. 
However, there are several contraindications to 
PTGBD for AC as follows: (1) patients showing 
the presence of severe coagulopathy or thrombo-
cytopenia; (2) patients with anatomically inac-
cessible gallbladder locations such as those with 
Chilaiditi syndrome; and (3) patients showing 
the presence of a large amount of ascites.

Therefore, endoscopic drainages such as 
ETGBD and EUS-GBD appear to be suitable 
in patients in whom PTGBD is contraindicated. 
Hereafter, we describe a standard endoscopic 
drainage technique “ETGBD” and the advanced 
endoscopic drainage method and “EUS-GBD” 
for surgically high-risk patients with AC.
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are as follows. After successful bile duct can-
nulation, a 0.025- or 0.035-inch guidewire is 
advanced into the cystic duct (Fig. 1a) and sub-
sequently into the gallbladder (Fig. 1b). Next, 
the catheter is withdrawn and the guidewire 
remains in the gallbladder, and a 5-Fr to 8.5-Fr 
pigtail nasogallbladder drainage tube is inserted 
into the gallbladder (Fig. 1c). By contrast, EGBS 

Endoscopic Nasogallbladder Drainage 
(ENGBD) or Endoscopic Gallbladder 
Stenting (EGBS)

ETGBD via the cystic duct has been used for 
approximately 35 years [6], which can be divided 
into two different methods: ENGBD and EGBS. 
The detailed techniques for ENGBD procedure 

Fig. 1  Endoscopic nasogallbladder drainage (ENGBD). 
a A guidewire is advanced into the cystic duct after suc-
cessful bile duct cannulation. b A guidewire is advanced 

subsequently into the gallbladder. c A nasogallbladder 
drainage tube is inserted into the gallbladder. d An inter-
nal stent is placed in the gallbladder
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procedure is the same as for ENGBD, but a 
6–10-Fr internal stent is placed in the gallbladder 
(Fig. 1d).

ETGBD is another alternative procedure 
to early cholecystectomy for patients whom 
PTGBD is contraindicated as mentioned above. 
In addition, ETGBD has other advantages over 
PTGBD as follows: (1) provides a physiological 
approach and avoids procedure-related adverse 
events such as bile leakage and bleeding that 
can occur after PTGBD; (2) possibility of ear-
lier discharge than PTGBD, which requires at 
least 2 weeks to create a fistula; (3) endoscopic 
biliary drainage and bile duct stone removal can 
be performed during the same session with the 
treatment of cholangitis; and (4) better tolerated 
and less painful than PTGBD.

Although ETGBD as well as PTGBD is 
thought to be suboptimal treatment of AC for 
patients who cannot undergo emergency chol-
ecystectomy, there are no comparative studies 
between these procedures. Recently an interna-
tional multicenter study has been published that 
ETGBD showed similar clinical efficacy com-
pared with PTGBD without significant differ-
ences of adverse event rate for the treatment of 
AC [7].

On the other hand, two RCTs as for the com-
parison of ENGBD and EGBS [8, 9] showed 
there are no significant difference in technical 
and clinical success or adverse event rates. Note 
that there are advantages and disadvantages of 
each drainage method. Firstly, ENGBD has the 
advantage of irrigating the gallbladder via the 
transnasal tube and performing the bile cytologi-
cal examination. However, ENGBD involves the 
risk of the tube removal by patients themselves 
because of its discomfort. In contrast, no sur-
prisingly EGBS has no discomfort and no risk of 
stent removal owing to an internal drainage, but 
carries a risk of stent obstruction. Consequently, 
either ENGBD or EGBS should be considered 
for gallbladder drainage based on the patient’s 
background.

ETGBD requires skillful techniques because 
prolonged or unsuccessful procedures may lead 
to serious and occasionally fatal complications 
such as post-ERCP pancreatitis and perforation 

of a cystic duct or gallbladder. Therefore, 
endoscopists should acquire accurate knowl-
edge and technical skills including selective 
biliary cannulation and appropriate guidewire 
techniques.

Endoscopic Ultrasonography-Guided 
Gallbladder Drainage (EUS-GBD)

EUS-GBD is a transenteric drainage technique, 
in which the gallbladder is directly punctured 
from the body or antrum of the stomach or duo-
denal bulb under EUS visualization. EUS-GBD 
using a double pigtail stent was first reported 
by Baron and Topazian in 2007 [10]. Although 
self-expandable metal stent and double pigtail 
stent have been used in EUS-GBD, these stents 
were not entirely suitable for translumenal appli-
cations and adverse events such as bile leakage 
and stent migration were concerned problems. 
Meanwhile, newly lumen-apposing metal stents 
(LAMS) with diameters ranging from 10 to 
15 mm have been developed. LAMS is theo-
retically suitable for EUS-GBD, which requires 
large target and a short access route. After Itoi 
et al. published the study on EUS-GBD using 
LAMS in 2012 [11], several studies and case 
series on EUS-GBD using LAMS have been 
published [12, 13].

However, EUS-GBD required multiple steps 
and instruments for the access, tract dilation, 
and stent deployment. In addition, repeated 
instrument exchanges over a guidewire can 
result in increased risk of adverse events. Under 
those circumstances, LAMS with a novel 
cautery-tipped stent delivery system has been 
developed to allow single-step EUS-GBD from 
puncture to deployment of the stent with a single 
maneuver [14]. Thus, EUS-GBD appears as the 
most effective and safest procedure for treating 
AC.

The detailed techniques for EUS-GBD pro-
cedure using LAMS with a cautery-tipped 
stent delivery system are as follows. After con-
firming no blood vessels through the puncture 
route, a delivery system including the LAMS 
was transgastrically and directly advanced into 
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using LAMS appears to be a potential alterna-
tive to surgical intervention because it allows not 
only gallbladder drainage but also stone removal 
from the gallbladder (Fig. 3).

Although PTGBD and ETGBD have been 
used for the treatment of AC patients, they are 
not always successful because of anatomical and 
technical issues. EUS-GBD may be useful for 
such patients in hospitals with EUS expertise as 
salvage therapy. EUS-GBD will become widely 
used among skilled endosonographers in the 
near future.

the enlarged gallbladder under EUS guidance 
(Fig. 2a). The distal flange was deployed under 
EUS and fluoroscopic guidance (Fig. 2b) and 
then the proximal flange was deployed under 
endoscopic and fluoroscopic guidance (Fig. 2c)
and during the process a small amount of 
infected bile juice flowed out from gallbladder 
to stomach through the LAMS.

In a meta-analysis and systematic review, 
Khan et al. showed that the technical and clini-
cal success rates of EUS-GBD were superior to 
those of ETGBD [15]. Furthermore, EUS-GBD 

Fig. 2  EUS-GBD procedure using LAMS. a A deliv-
ery system including the LAMS was transgastrically and 
directly advanced into the enlarged gallbladder under EUS 

guidance. b The distal flange was deployed under EUS 
and fluoroscopic guidance. c The proximal flange was 
deployed under endoscopic and fluoroscopic guidance
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Conclusion

ETGBD is the promising drainage technique 
for the treatment of AC that does not have infe-
riority than PTGBD. And also EUS-GBD is 
the advanced endoscopic drainage method for 
AC with the superiority over other gallbladder 
drainages.
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Introduction

Most of the patients with gallbladder diseases 
come to hospital with RUQ pain or discomfort. 
We can diagnose most diseases of the GB (gall-
stone, inflammation, and cancer) by laboratory 
examinations and imaging (ultrasonography, 
CT, and MRI) with endoscopic ultrasonography. 
However, early diagnosis of gallbladder cancer 
(GBC) is still difficult.

Our knowledge on the genetics and patho-
genesis of gallstones has expanded recently; 

however, surgery is the cornerstone of treatment 
currently, and there is no effective preventive 
strategies for gallstone.

The most important factor of current guide-
line for operation of GB polyp is the size, but 
this is based on limited evidence. Adjuvant and 
neoadjuvant chemotherapy for GBC seems to 
be beneficial; however, the prognosis of GBC is 
still dismal, and the biomarker-driven therapeu-
tic trials using targeted agents and immunother-
apy trials in GBC are rare.

Operative approach to gallbladder has been in 
a state of constant evolution with the advance-
ment of surgical techniques and tools.

In this chapter, we will describe the future 
perspective of diagnosis and management of dis-
eases of the gallbladder.

Laboratory Findings

Bile

Currently, bile examinations can be used for the 
diagnosis of diseases of the GB: microscopic 
examination of bile for diagnosis of cholecysto-
lithiasis and prediction of gallstone composition, 
bile cytology using endoscopic transpapillary 
gallbladder drainage (ETGD) for diagnosis of 
GBC, and gram-stained smear and culture of 
GB bile from percutaneous aspiration of the GB 
in patients with acute cholecystitis (Chap. 2) 
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modality has its own advantage and no single 
imaging tool is perfect. Imaging methods for 
gallbladder diseases have improved remarkably, 
however unmet needs still remain.

Ultrasound and CT are commonly used 
imaging modalities for evaluating gallblad-
der abnormalities. MRI is used as a secondary 
or problem-solving exam to obtain more infor-
mation when a diagnosis cannot be reached by 
ultrasound or CT (Chap. 4) [27]. Various imag-
ing techniques in addition to conventional ultra-
sonography such as CT and MRI methods in 
diseases of the gallbladder have been studied.

The new imaging techniques to discover the 
small or minute lesion of the wall and epithe-
lium need to be developed to assist differential 
diagnosis and early detection of the gallbladder 
diseases (Chap. 4) [27]. To overcome the limita-
tion of conventional transabdominal ultrasound, 
high-resolution ultrasound, three-dimensional 
ultrasound, or contrast-enhanced ultrasound 
have been developed and used. High-resolution 
US is an emerging modality for staging gall-
bladder cancer due to its high resolution and 
non-invasiveness. Contrast-enhanced US has 
been used to improve the diagnostic accu-
racy of identifying gallbladder malignancy. 
 Three-dimensional US continues to evolve 
toward better image resolution [28].

In staging of GBC, CT and MRI can pro-
vide fairly good accuracy, particularly for T 
factor. Adding PET or ADC (apparent diffu-
sion coefficient) information may enhance the 
diagnosis when CT or MRI findings are equiv-
ocal, particularly for N and M factors (Chap. 
17) [29]. Specifically, ADC or SUV informa-
tion may not only enhance the diagnosis when 
conventional CT or MRI findings are equivo-
cal, but also be independent biomarkers to pre-
dict the prognosis of gallbladder cancer (Chap. 
17) [29]. The ADC value of GBCs was signifi-
cantly correlated with tumor differentiation as 
well as AJCC stage. In addition, it predicted 
long-term outcomes after surgery in patients 
with GBC [30].

Addition of diffusion-weighted imaging (DWI) 
to conventional MRI is also used in improv-
ing diagnostic accuracy such as discrimination 
between xanthogranulomatous cholecystitis and 

[1–10]. However, bile examination is not widely 
used clinically due to complexity in sampling 
and relatively poor clinical benefits.

Recently, circulating tumor DNA (ctDNA) in 
bile was detected by next-generation sequencing 
(NGS) of GBC. 57.1% of DNA samples from 
tumor tissue were positive for a mutation, and 
among these patients, 87.5% of the bile ctDNA 
samples had same mutation. The concordance 
rate between bile ctDNA and tissue DNA sam-
ples was 85.7%. The sensitivity of liquid biopsy 
of bile was higher than the cytology (58.1% and 
45.8%, respectively), and the concordance rate 
between cytology and bile ctDNA analyses was 
87.5% [11].

Composition and content of bile in the GB 
may be related to various diseases of the GB, 
and therefore serial changes of bile may show 
clues to identify the causes of diseases. Further 
efforts in improving the various methods for 
examination of bile and discovery of novel tar-
gets in bile may be useful for diagnosis and 
treatment of diseases of the GB.

Tumor Markers

Carbohydrate antigen 19-9 and carcinoem-
bryonic antigen are tumor markers most com-
monly utilized in the diagnosis of GBC [12–16], 
however the sensitivity and specificity are 
unsatisfactory.

There are several reports investigating neu-
trophil/lymphocyte ratio (NLR), platelet/lym-
phocyte ratio (PLR), GPS (Glasgow prognostic 
score), absolute neutrophil count, and absolute 
lymphocyte count in patients with GBC as a 
prognostic indicator (Chap. 2) [17–20].

Currently, many tumor diagnostic, prog-
nostic, predictive, and therapeutic biomarkers 
are being evaluated for clinical applications 
(Chap. 2) [21–26].

Imaging

Appropriate evaluation and choice of manage-
ment for gallbladder diseases require a multi-
disciplinary approach because each imaging 
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the wall-thickening type of GBC [31], and sensi-
tivity for distinguishing GB cancers from benign 
GB diseases with wall thickening [32, 33].

Multidetector-row computed tomography 
(MDCT) is a reliable diagnostic method for 
differentiating malignantly thickened gallblad-
der wall [34]. Dual energy CT, which enabled 
the concurrent acquisition of data with two 
different X-ray energy spectra at high and low 
voltage peaks and postprocessing techniques, 
has the potential to facilitate improved detec-
tion and characterization of gallbladder car-
cinoma. With the iodine content highlighted, 
carcinoma can be visualized more easily when 
compared with benign entities [35].

Deep learning and radiomics approaches 
seem to hold promise in enhancing the per-
formance of imaging, especially if collabo-
rative multidisciplinary teams are involved 
in the gallbladder diseases. The goal of radi-
omics for gallbladder diseases is to develop 
 decision-supporting tools, by incorporating 
radiomics signatures and other morphologic 
features in predictive model [36]. For exam-
ple, a radiomics model may provide a nonin-
vasive and convenient tool for preoperative 
individualized prediction of nodal metastasis 
in biliary tract cancer that helps to define sub-
sets of patients who would benefit most from 
surgery [37].

Ultimately, to achieve personalized medicine, 
personalized imaging must be involved and deep 
learning and radiomics may help pave the road 
to personalized medicine.

Endoscopy

Endoscopic ultrasonography is important for 
specific diagnosis of polypoid gallbladder 
lesions and gallbladder wall thickening. EUS is 
also useful in staging of gallbladder carcinoma. 
Recent advances in contrast-enhanced EUS 
are expected to contribute further to diagnosis 
of gallbladder lesions. Additionally, EUS has 
shown promise in diagnosing gallbladder micro-
lithiasis in patients with grossly clear biliary 

colic and normal transabdominal ultrasonogra-
phy results (Chap. 5) [38].

Although EUS-FNA of the gallbladder is 
useful for diagnosing gallbladder tumors, it 
is not the initial method of choice because of 
associated risks of bile leakage and needle tract 
seeding. Large clinical studies, including rand-
omized controlled clinical trials, are necessary 
to test the efficacy and safety of EUS-FNA in 
patients with gallbladder tumors (Chap. 7) [39].

Endoscopic transpapillary gallbladder drain-
age (ETGD) for bile cytologic examination 
revealed high diagnostic accuracy rate [8].

Peroral cholecystoscopy can be performed 
after dilatation of the cystic duct ranging from 
8.5 to 10.0 mm in diameter, permitting pas-
sage of a 4.5 mm diameter baby scope for 
endoscopic lithotripsy, or after placement of 
 lumen-apposing metal stents (LAMS) during 
EUS-guided gallbladder drainage (EUS-GBD). 
The large diameter of LAMS acts as a portal for 
endoscopic access to the gallbladder [40–42].

While techniques such as chromoendoscopy 
and conventional magnification endoscopy try to 
predict histology from mucosal patterns, confo-
cal laser endomicroscopy (CLE) actually allows 
intravital microscopy of the human gastrointes-
tinal tract during ongoing endoscopy, enabling 
real-time optical biopsy [43, 44].

A variety of endoscopy for  image-enhancing 
modalities for the evaluation of gallbladder 
mucosa can be performed after EUS-GBD using 
LAMS [45, 46]. Chan et al. [41, 42] carried out 
peroral cholecystoscopy after EUS-GBD using 
LAMS. They performed several endoscopic pro-
cedures, such as magnifying endoscopy, confo-
cal endomicroscopy, and biopsy. Furthermore, 
interventional procedures for gallstone removal 
and polypectomy could be done without 
difficulty.

In the future, various endoscopic meth-
ods, such as peroral cholecystoscopy and CLE 
will be widely used as an important diagnos-
tic methods for diseases of the GB. Moreover, 
endoscopic treatment of gallbladder lesions can 
become a simple procedure, as in the gastroin-
testinal tract, in the near future.
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are identified, or size increased by more than 2 mm 
at follow-up transabdominal ultrasonography [28].

There are controversies and challenges in 
many aspects of gallbladder polyps. It is difficult 
to differentiate benign lesions from malignant 
gallbladder polyp based on available diagnostic 
modalities (Chap. 26) [55].

Although polyps of 10 mm and greater are 
more likely to be true polyps, this cutoff will 
overlook a significant number of true polyp 
below this threshold and cholecystectomy will 
also be performed unnecessarily for pseudopol-
yps when they are greater than 10 mm [28].

There is a lack of evidence comparing growth 
pattern between pseudopolyps and true polyps, 
and small individual studies have shown that 
both can undergo growth [56, 57].

Patients with gallbladder polyps should be 
treated with personalized and differentiated 
strategies. Better understanding of the clinico-
pathologic characteristics, risk factors, classifi-
cation, and natural history of gallbladder polyps 
are necessary and large retrospective and pro-
spective trials involving international multiple 
centers should be conducted (Chap. 26) [55].

GB Cancer

Gallbladder cancers are rare and aggressive 
tumors, with a paucity of clinical trials using 
biomarker-guided targeted treatment [58].

The main associated risk factors of gall-
bladder cancer (GBC) identified so far include 
cholelithiasis (especially untreated chronic 
symptomatic gallstones), obesity, reproductive 
factors, chronic infections of the gallbladder, 
and environmental exposure to specific chemi-
cals (Chap. 15) [59, 60].

GBC is enriched with multiple mutations, 
from germline mutations such as genetic suscep-
tibility of DCC and ABCB4 variants to somatic 
mutations including TP53, KRAS, PI3K/AKT/
mTOR pathway,  chromatin-remodeling path-
way, and ErbB pathway genes in GBC tissues 
(Chap. 16) [61].

Currently, CT and MRI can provide fairly 
good accuracy in staging GBC, particularly 
for T factor. Adding PET or ADC (apparent 

Gallstone

Our knowledge on the genetics and pathogenesis 
of gallstones has expanded recently (Chap. 8) 
[47]. Although surgery is currently the corner-
stone of treatment for gallstone disease, much 
more emphasis should be given to the prevention 
of gallstone [48].

In the general population, a major interven-
tion should include lifestyle changes. Healthy 
lifestyle and food, regular physical activity, and 
maintenance of an ideal body weight might pre-
vent cholesterol gallbladder stones and sympto-
matic gallstones. Pharmacological prevention of 
gallstones is not advisable in the general popula-
tion due to the lack of strong evidence of effec-
tiveness [48–50].

Accurate stratification according to individ-
ual risk for gallstones might be possible with 
methodical profiling of genetic and environmen-
tal risk factors. Defining the high-risk group will 
allow screening for early diagnosis and preven-
tive drugs may be beneficial [48].

In situations associated with rapid weight 
loss (e.g., very low calorie diet, bariatric sur-
gery), temporary ursodeoxycholic acid (at least 
500 mg per day until body weight has stabi-
lized) is an evidence-based preventive meas-
ure for gallstones [48, 51, 52]. Most of the 
 ABCB4-deficient patients benefit from prophy-
lactic or long-term therapy with UDCA (15 mg/
kg body weight and day) [49, 51, 53, 54]. In 
patients on long-term therapy with somatostatin 
or analogues, concomitant treatment with urso-
deoxycholic acid can be considered to prevent 
cholesterol gallstone formation [49]. Other ther-
apeutic options are promising but not yet sup-
ported by strong evidence [50].

Experimental and clinical studies are abso-
lutely needed to clarify the real efficacy of vari-
ous innovative and potentially preventive tools 
in selected groups of gallstone [50].

GB Polyp

Current guidelines recommend cholecystectomy 
for gallbladder polyps sized 10 mm and greater. 
This threshold is lowered when other risk factors 
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The great majority of in situ carcinomas of 
the GB are grossly indistinguishable from chol-
ecystitis and can easily be overlooked on macro-
scopic examination. The only in situ carcinoma 
that can be recognized grossly with some degree 
of certainty is the papillary type, but this variety 
represents only a small group [66, 67].

For early detection of carcinoma of the gall-
bladder, watchful attention to mild mucosal 
changes is essential, as more than 50% of early 
cancer did not show apparently protruding 
lesions [68]. Peroral cholecystoscopy may be a 
useful diagnostic method for early detection of 
GBC in the near future. Cytologic examination 
and liquid biopsy of bile may also be a useful 
method to diagnose GBC early [8, 11].

It is necessary to make a diagnostic and ther-
apeutic algorithm in high-risk groups of GBC 
(Chap. 19) [69] and discuss a need for mass 
screening for GBC among population [65].

Surgery

Operative approach to gallbladder has been in a 
state of constant evolution with the advancement 
of surgical techniques and tools. The demand for 
safer and less-invasive interventions continues to 
promote innovations in the management of gall-
bladder diseases [70].

Laparoscopic cholecystectomy has been the 
treatment of choice for cholelithiasis since 1992 
[71]. Further efforts to reduce operative scars 
led to introduction of single-incision laparo-
scopic cholecystectomy (SILC) using three ports 
from a single incision made at the umbilicus in 
1996 [72]. However, ergonomic difficulties of 
standard instruments prevented wide adapta-
tion. Introduction of the single-site robotic chol-
ecystectomy (SSRC) in 2011 revolutionized 
single-incision surgery. Technical limitations of 
SILC, such as ergonomics, internal and external 
instrument clashing, and image instability, were 
overcome. SSRC allows for the shorter learning 
curve and has potential to increase safety [73]. 
However, higher cost associated with SSRC 
remains a hurdle to overcome [74]. With the 
robotic system evolving continuously and more 

diffusion coefficient) information may not only 
enhance the diagnosis when CT or MRI findings 
are equivocal, particularly for N and M factors, 
but also be independent biomarkers to predict 
the prognosis of GBC patients (Chap. 17) [62].

Adjuvant chemotherapy for GBC seems to be 
beneficial, especially in cases of node-positive 
and/or positive resection margin. However, fur-
ther validation, in terms of the most effective 
regimen and chemotherapy itself as the adjuvant 
treatment for gallbladder cancer, is necessary. 
Neoadjuvant chemotherapy can be considered in 
locoregionally advanced GBC (Chap. 21) [63].

Various challenges are under investigation to 
develop new promising agents to improve the 
survival. One is to identify targeted driver muta-
tions or overexpression of biomarkers by multi-
plex diagnosis using next-generation sequencing 
(NGS). Some clinical trials of agents targeting 
specific biomarker using the NGS are ongo-
ing for biliary tract cancer including gallblad-
der cancer, such as HER2/neu overexpression 
and fibroblast growth factor receptor 2 (FGFR2) 
gene rearrangement. In addition, immune check-
point inhibitors have recently been demonstrated 
to prolong the survival in patients with various 
advanced cancers (Chap. 23) [64].

Indications and the appropriate combination 
of drug for chemotherapy require further valida-
tion. Additionally, most appropriate therapeutic 
modality among chemotherapy, chemoradiation, 
and radiation therapy alone should be evaluated. 
In terms of indication for neoadjuvant therapy, 
more studies should evaluate feasibility even for 
earlier staged GBC (Chap. 21) [63].

In the era of precision medicine, it would be 
appropriate to conduct a clinical trial accord-
ing to expression of biomarker such as gene 
mutation or arrangement. And it is required to 
conduct a clinical trial involving global collabo-
ration (Chap. 23) [64].

Early GB Cancer

Early diagnosis and identification of high-risk 
cases of GBC, and providing prophylactic chol-
ecystectomy could offer a potential cure for 
patients [65].
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combined use of intraoperative ultrasound and 
frozen section examination could assist surgeons 
in deciding the extent of cholecystectomy. Better 
diagnostic definition may extend the use of lapa-
roscopic surgery in GBC patients in the future.

Surgical management of gallbladder diseases 
is still open for innovation and continuous effort 
to overcome the limitation of minimally invasive 
surgery by surgeon’s endeavor and development 
of groundbreaking technology are essential.

Conclusion

Bile examination is not widely used clinically 
due to complexity in sampling with relatively 
poor clinical benefits. However, in the future, 
cytology, liquid biopsy, and discovery of novel 
targets in bile may prove to be useful for diagno-
sis and treatment of diseases of the GB.

The new imaging techniques to discover the 
small lesion of the wall and epithelium need to 
be developed to help differentiate GB cancer for 
early detection. Ultimately, to achieve personal-
ized medicine, personalized imaging must be 
involved, and deep learning and radiomics may 
help pave the road to personalized medicine.

Various endoscopic methods, such as peroral 
cholecystoscopy and confocal laser endomicros-
copy, will be widely used as important diagnos-
tic methods for the diseases of the GB.

Accurate stratification according to individ-
ual risk for gallstones might be possible with 
methodical profiling of genetic and environmen-
tal risk factors. Defining the high-risk group will 
allow screening for early diagnosis and preven-
tive drugs may be beneficial in the near future.

Patients with GB polyps should be treated 
with personalized and differentiated strategies 
based on clinicopathologic characteristics, risk 
factors, classification, and natural history of GB 
polyps.

Early diagnosis of GB cancer is essential to 
improve survival. It is necessary to make a diag-
nostic and therapeutic algorithm in  high-risk 
groups of GB cancer and discuss a need for mass 
screening for GB cancer among population.

companies currently developing new systems, 
cost issue might be resolved in the near future.

In an effort to eliminate all abdominal 
scars after surgery, natural orifice translume-
nal endoscopic surgery (NOTES) has also 
been proposed. Use of natural orifices, such as 
transgastric and transvaginal, for the removal of 
the diseased organ has potential advantages for 
patients. Recent prospective, randomized evalu-
ation of NOTES showed that transvaginal chol-
ecystectomy is safe with non-inferior clinical 
results and superior cosmesis compared to lapa-
roscopic cholecystectomy [75]. Transvaginal 
approach to cholecystectomy is now no longer 
considered experimental.

Most feared complication following chol-
ecystectomy is bile duct injury with the risk 
estimated at 0.4% [76]. There is always some 
substantial risk of bile duct injury whenever min-
imally invasive cholecystectomy is performed. 
To reduce such complication,  real-time indocya-
nine green (ICG) fluorescence cholangiography 
has been introduced. ICG cholangiography dur-
ing minimally invasive cholecystectomy enables 
a better visualization and identification of biliary 
tree [77]. Enhanced understanding of biliary tree 
anatomy consequently increases safety of opera-
tion with reduced risk of bile duct injury.

In gallbladder cancer (GBC), laparoscopic 
surgery for T1b or greater tumor has been con-
traindicated due to risk of tumor dissemina-
tion [78]. Although the evidence is limited, 
selected patients with T1, T2 GBC have shown 
favorable long-term oncologic outcomes using 
laparoscopic cholecystectomy including lym-
phadenectomy [79]. Although extended chol-
ecystectomy is recommended for T1b or greater 
GBC, evaluation of tumor depth under frozen 
section examination can be difficult.

Recent study evaluating the tumor depth 
used an ultrasound with 18 MHz transducer on 
the removed gallbladder specimen [80]. Results 
showed only moderate accuracy of tumor depth 
evaluation. Nevertheless, direct application of 
a higher frequency transducer on the resected 
gallbladder specimen can enhance the diag-
nostic accuracy for the depth of invasion. The 
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Surgical management of gallbladder diseases 
is still open for innovation and continuous effort 
to overcome the limitation of minimally invasive 
surgery by surgeon’s endeavor and development 
of groundbreaking technology are essential.
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