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Gallbladder polypoid lesions: Current practices and future prospects
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Abstract 
Gallbladder polypoid lesions (GPLs) refer to any elevated lesion of the mucosal surface of the gallbladder wall, and the prevalence is 
estimated to be between 0.9% and 12.1%. GPLs include benign polyps and malignant polyps. Benign polyps are further classified 
as non-neoplastic polyps and neoplastic polyps. Cholesterol polyps are the most common benign polyps and adenocarcinoma 
is the main type of malignant polyp. Hepatitis B virus infection, liver function abnormalities, dyslipidemia, and obesity are the 
main risk factors for GPLs. Studies of biological mechanisms have focused on malignant gallbladder polyps, the development 
of which is regulated by hormone levels in vivo, gut microbiota, inflammation, oxidative stress, Salmonella typhimurium, and 
related molecules. Diagnostic modalities include chemical examination and imaging examination, with imaging examination 
currently being the mainstay. Treatment of patients with GPLs is based on the presence or absence of symptoms, age, size of the 
polyps, tendency of the polyp to increase, and risk factors for symptomatic malignancy to determine whether surgery should be 
performed.
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Introduction

Gallbladder polypoid lesions (GPLs) refer to any elevated 
lesion of the mucosal surface of the gallbladder wall. The 
disease was first pathologically defined in 1970, and was 
eventually classified as both benign and malignant.[1,2] 
Benign lesions are subdivided into non-neoplastic polyps 
and neoplastic polyps.[1,3,4] Non-neoplastic polyps include 
cholesterol polyps, inflammatory polyps, hyperplastic 
polyps, and adenomyomatosis, while neoplastic polyps 
mainly refer to adenomas.[1,3–5] Gallbladder adenocarci-
noma is the main type of malignant lesion.[1,3,4]

With the development of imaging technology in recent 
years, the detection rate of GPLs is also improving.[6–8] 
Although polypoid lesions of the gallbladder are becom-
ing more common, the current literature has not reached 
a consensus on many aspects of this disease. For example, 
the risk factors for GPLs are not fully understood, and 
there are differences in clinical management in particular. 
Therefore, this article is intended to review the current 
status of the diagnosis and treatment of GPLs with the 
aim of playing a positive role in clinical management.

Epidemiological Features

Studies have shown that the prevalence of GPLs varies 
between regions and populations. A Netherlands study 

showed a prevalence of GPLs of 0.9% in the Netherlands 
population.[5] Lee et al[8] found a 5.4% prevalence of 
GPLs in a study of 48,591 Korean individuals, with a 
higher prevalence in men (6.3%) than in women (4.5%). 
Another study by Choi et al[6] of 23,827 healthy Korean 
individuals reported a GPL prevalence of 9.96%. Kratzer 
et al[9] showed a prevalence of 6.1% for GPLs in Germany 
and Heitz et al[7] showed that the prevalence of GPLs 
in German individuals increased from 6.1% in 2002 
to 12.1% in 2013. A study by Ali et al[10] in Qatar that 
included 7156 individuals showed an overall prevalence 
of 7.4% for GPLs, with a prevalence of 4.2% for mono-
genic GPLs and 3.2% for multiple GPLs. There have been 
many related studies in China as well. In a study of 34,669 
Taiwanese (China) people, Lin et al[11] showed that the 
overall prevalence of GPLs was 9.5%, with the highest 
prevalence in middle-aged men. Xu et al[12] examined 
60,064 healthy individuals, and the prevalence of GPLs 
was 6.9%. Mao et al[13] found a 7.4% prevalence of GPLs 
in a study of 48,591 Chinese petrochemical employees, 
and it was more common in the middle-aged population, 
peaking in the 40–59 years age group. Yamin et al[14] 
recruited 97,117 Chinese individuals. They showed that 
the prevalence of GPLs was 7.3% and that male sex was 
a risk factor for the formation of GPLs. A study by Yang 
et al[15] that included 11,816 healthy subjects yielded an 
overall prevalence of 4.2% for GPLs, with a prevalence of 
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4.6% in men and 3.5% in women. In conclusion, the inci-
dence of GPLs varies around the world and is not precise, 
with estimates ranging from 0.9% to 12.1% according to 
the available literature. However, there is much research 
evidence to support that men have a higher prevalence 
than women.[5–14]

Histopathologic Classification

GPLs are pathologically classified into benign and malig-
nant types. Benign polyps include cholesterol polyps, 
inflammatory polyps, hyperplastic polyps, adenomyoma-
tosis, and adenomas, while malignant polyps mainly refer 
to adenocarcinoma of the gallbladder.

Benign polyps

Non-neoplastic polyps

Cholesterol polyps: Cholesterol polyps are the most com-
mon type of GPLs, with an incidence of 50–70% and have 
no malignant potential.[6] Cholesterol polyp diameters 
are usually less than 10 mm (2–10 mm) and they may be 
pedicled.[16] They are yellow in appearance, friable, and 
attached to the mucosal surface of the gallbladder cavity 
by a pedicle.[3] Some researchers believe that the forma-
tion of cholesterol polyps may be caused by cholesterol 
deposition within macrophages in the lamina propria of 
the gallbladder wall and is not related to cellular prolif-
eration.[3,17]

Adenomyomatosis: Adenomyoma accounts for approx-
imately 25% of GPLs, second only to cholesterol 
polyps.[18,19] Usually, it localizes to the gallbladder fundus, 
appearing as a solitary polyp ranging in size from 10 mm 
to 20 mm.[18] Adenomyoma includes three morphologic 
types: focal, segmental, and diffuse.[17] The formation of 
adenomyoma is thought to be the result of the thickening 
of the mucosa and muscularis propria of the gallbladder 
wall and is associated with cholesterol crystals or stone 
deposits without an inflammatory response.[17,19]

Inflammatory polyps: Inflammatory polyps account 
for approximately 10% of GPLs. They are usually less 
than 10 mm in diameter and have no malignant poten-
tial.[4,16,18,19] They are usually associated with chronic 
inflammation and are caused by granulation formation and 
fibrous tissue secondary to chronic inflammation.[4,16,19]

Hyperplastic polyps: Hyperplastic polyps are lesions char-
acterized by papillary hyperplasia.[19] The manifestation is 
single or multiple, usually in the body and base of the 
gallbladder, without a malignant tendency. Hyperplastic 
polyps are histologically characterized by epithelial cell 
hyperplasia with mucinous glandular metaplasia, smooth 
muscle fibers connected to the muscular layer in the inter-
stitial fibers, and cupped cells.

Neoplastic polyps

Adenomas: Gallbladder adenomas are rare, accounting 
for only 4–7% of all gallbladder polyps. They are usually 

0.1–2.5  cm in size, nonpedicled solitary polyps with 
a well-established potential for progression to carci-
noma.[16,17] Histologically, gallbladder adenomas can be 
tubular (most prevalent), papillary, or tubulopapillary.[16,17] 
Cytologically, gallbladder adenomas may be classified as 
having a pyloric (most common), intestinal, foveolar, or 
biliary subtype.[20] It has been suggested that it originates 
from flattened and dysplastic epithelial cells in any part of 
the gallbladder wall.[19]

Malignant polyps

Adenocarcinoma: The most common type of malig-
nant gallbladder polyp is adenocarcinoma of the 
gallbladder.[4,17] There are various subtypes of gallbladder 
adenocarcinoma, the most common of which is papillary, 
but there are also signet-ring and mucinous adenocarcino-
mas.[4] Papillary adenocarcinoma presents pathologically 
as a dense papillary lobe of cells protruding into the gall-
bladder lumen, with dysplasia and increased mitoses.[4]

Risk Factors

Sex and age

Previous studies have shown that sex is an independent 
risk factor for GPLs, with the prevalence being higher in 
men than in women.[8,11–14,21,22] Yamin et al[21] reported 
that age was not associated with the occurrence of GPLs. 
However, more available results suggest that age is a risk 
factor for GPLs, although there is no consensus at the 
age group level.[10–13,23] Ali et al[10] concluded that the 
risk of developing GPLs increased significantly with age, 
with the risk for patients aged greater than or equal to 65 
years being 4.5 times higher than that for patients aged 
18 years. Other findings tend to support the prevalence 
of GPLs commonly in the middle-aged population aged 
40–59 years.[11–13,23]

Hepatitis B virus (HBV) infection

There is a large number of HBV carriers worldwide. The 
hepatitis B surface antigen (HbsAg) positivity rate in China 
already accounts for 7.2% of its total population, although 
some studies put the rate at 10.0%.[24] There is some 
controversy in the published literature regarding the asso-
ciation between HBV and GPLs. Lim et al[22] reported that 
HBsAg positivity was not associated with the incidence of 
GPLs. Evidence from most scholars, however, suggested not 
only that HbsAg positivity was an independent risk factor 
for GPLs but also that the risk of GPLs in HBsAg-positive 
subjects was approximately 2.5 times higher than that in 
HBsAg-negative subjects.[6,8,10,11,13,21] Some authors have 
attempted to elucidate the mechanism between the two, 
suggesting that it may be related to HBV causing changes 
in the gallbladder mucosa, cholesterol deposition, and 
increased bile viscosity.[6] However, the overall correlation 
between HBV and GPLs is still unclear, so further studies 
are needed to clarify the pathophysiological mechanisms 
of the association between HBV and GPLs.
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Liver function abnormalities and fatty liver

Several findings reported that high levels of aspartate 
aminotransferase (AST) were a risk factor for inducing 
the development of GPLs.[8,23] Ahn et al[25] showed that 
both fatty liver and low levels of alanine aminotransferase 
(ALT) were independent risk factors for GPLs and noted a 
correlation between fatty liver and large GPLs (≥5 mm). 
This is consistent with the previous results published 
by Lim et al.[26] In addition, some studies have shown 
that ALT, AST, and fatty liver are not associated with 
GPLs.[21,22] To resolve this controversy, additional studies 
are needed to determine whether liver function abnormalities 
and fatty liver are risk factors for GPLs, as there is cur-
rently a limited number of studies on this topic.

Dyslipidemia

Blood lipids are a general term for neutral fats (triglycerides) 
and lipids (phospholipids, glycolipids, sterols, and 
steroids) in blood plasma that bind to proteins to form 
lipoproteins and are widely present in the body. Cho-
lesterol polyps are the most common type of GPLs.[6] 
Studies on the correlation between dyslipidemia and 
GPLs are also currently common. There is much evidence 
in the literature supporting that high triglyceride (TG) 
levels, high total cholesterol (TC) levels, low high-density 
lipoprotein (HDL) levels, and high low-density lipopro-
tein (LDL) levels are risk factors for the development 
of GPLs.[6,8,14,21,23] Additionally, low HDL levels and 
high LDL levels are key factors in dyslipidemia and 
significantly increase the prevalence of GPLs in the popula-
tion.[14] This may be caused by HDL and LDL, which are 
the main carriers of cholesterol, by affecting the concen-
tration of bile and the metabolism of cholesterol in bile. 
In addition, Deng et al[27] noted that dyslipidemia was an 
independent risk factor for malignancy, as it increased 
the risk of malignancy 2.674-fold in patients with gall-
bladder lesions.

Overweight and obesity

Overweight and obesity have become problems that 
cannot be ignored in today’s society, and some scholars 
have performed research on whether they increase the 
risk of developing GPLs. It was found that the formation 
of GPLs was closely related to the overweight or obese 
status of the patients, and the prevalence rose with an 
increase in body mass index (BMI).[8,21–23] Lee et al[28] 
further suggested that visceral adipose tissue might be 
more important in the pathogenesis of GPLs than being 
overweight and obesity itself simply expressed by BMI 
and pointed out that obesity was an important risk 
factor for gallbladder cancer. The main drivers of being 
overweight and obesity include the excessive intake of 
high-calorie foods as a result of increasing wealth and the 
emergence of a large number of sedentary jobs as a result 
of urbanization.[29] Therefore, weight control by reducing 
high-calorie dietary intake, avoiding a sedentary lifestyle, 
and increasing exercise may help reduce the risk of GPL 
formation and malignant transformation.

Number, shape, and size of GPLs

GPLs have been increasingly recognized as a predisposing 
factor for gallbladder cancer. In terms of number and 
shape, benign polyps of the gallbladder are predominantly 
multiple-pedicle polyps, while malignant polyps are 
predominantly solitary non-pedicle polyps.[30] In terms 
of size, polyp size ≥10 mm is a significant predictor of 
polypoid lesions with a high risk of neoplastic polyps.[5] 
For small GPLs less than 10  mm, studies have shown 
that most of these lesions are benign.[31] In conclusion, 
solitary non-pedicular polyps larger than 10 mm in size 
are an important risk factor for malignant polyps of the 
gallbladder.

Metabolic syndrome (MS) and ethnicity

In addition, MS and ethnicity have also been mentioned 
as risk factors for GPLs in some of the relevant literature 
studies. Lim et al[22] suggested that MS is a risk factor for 
GPLs. Choi et al[6] also reported that MS was a significant 
independent risk factor for multiple GB polypoid lesions. 
Another study similarly noted that the presence of MS 
also appears to be associated with the risk of GPLs.[32] 
Regarding ethnicity, studies have shown that the preva-
lence of GPLs is 5.8 times higher in Southeast Asian 
populations than in sub-Saharan African populations and 
that the probability of gallbladder malignancy is signifi-
cantly higher in Indian populations than in Caucasian 
populations with GPLs.[10]

Biological Mechanism

Current studies on the mechanisms of GPLs are dominated 
by malignant polyps, with little involvement of benign 
polyps. It has been suggested that obese individuals may 
be at increased risk for gallbladder cancer through a 
variety of mechanisms, including increased sex and met-
abolic hormones, altered gut microbiota, inflammation, 
and oxidative stress.[33–35] In terms of microorganisms, in 
recent years, bacterial infections have been increasingly 
recognized as risk factors for the development of adeno-
carcinoma, and Salmonella enterica serovars Typhi and 
Paratyphi A are clinically strongly associated with gall-
bladder cancer.[36,37] In addition to these studies, there have 
been many investigations on gallbladder cancer mecha-
nisms at the molecular level. Tian et al[38] showed that 
apoptosis-stimulating of p53 protein 2 (ASPP2) affected 
the expression of atypical protein kinase C (aPKC)-ι and 
glioma-associated oncogene homolog 1 (GLI1) and that 
downregulation of ASPP2 promoted gallbladder cancer 
invasion and metastasis through the aPKC-ι/GLI1 path-
way. Liu et al[39] showed that long-chain noncoding RNA 
(lncRNA) maternally expressed gene 3 (MEG3) inhibited 
adenocarcinoma cell proliferation and promoted apop-
tosis. However, antisense noncoding RNA at the INK4 
locus (ANRIL) promoted gallbladder cell proliferation 
and inhibited apoptosis. Therefore, the therapeutic strat-
egies of upregulating MEG3 and downregulating ANRIL 
might be clinically relevant for inhibiting gallbladder 
cancer progression. Wen et al[40] showed that NLR family 
pyrin domain containing 3 (NLRP3) inflammatory vesi-
cles could promote adenocarcinoma proliferation through 
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the activation of caspase-1, the production of mature 
interleukin (IL)-1b and IL-18, and thus the enhancement 
of phosphorylation of Akt, extracellular regulated protein 
kinase (ERK), and cAMP responsive element-binding pro-
tein (CREB), suggesting that cellular pyroptosis induced 
by NLRP3 inflammatory vesicles might play a role in 
the promotion of adenocarcinoma growth. Wang et al[41] 
indicated that metastasis-associated gene 1 (MTA1) and 
tumor metastasis-suppression genes (KAI-1 and KiSS-1) 
might be important biomarkers involved in carcinogen-
esis, metastasis, and invasion of gallbladder cancer, with 
MTA1 being an independent prognostic factor. Lin  
et al[42] proposed that silencing of long noncoding RNA 
metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1) or overexpression of ABI family member 3 
binding protein (ABI3BP) inhibited adenocarcinoma cell 
growth in vitro and in vivo. MALAT1 promoted ABI3BP 
expression by binding enhancer of zeste homolog 2 
(EZH2) to the ABI3BP promoter region, thereby silenc-
ing MALAT1 or inhibiting H3K27 methylation. Wu  
et al[43] also demonstrated that MALAT1 might act as an 
oncogenic lncRNA that promoted the proliferation and 
metastasis of adenocarcinoma cells by activating the ERK/
MAPK pathway. The above molecular studies suggest that 
ASPP2, MEG3, ANRIL, NLRP3, MTA1, and MALAT1 
have the potential to be therapeutic targets for gallbladder 
cancer in the future.

Natural History and Coexisting Diseases

Natural history

The current studies on GPLs are mainly retrospective and 
lack prospective. Thus, little is known about their natural 
history and pathophysiological mechanisms. The results 
of a prospective study indicated that the natural history 
of small GPLs was benign and that the number and size of 
polyps did not change over a 5-year period.[44] Research 
by Beck et al[45] on the natural history of childhood illness 
also supported this view. However, the results of the study 
by Colecchia et al[44] showed that in 111 patients with 
small GPLs, 50% of the GPLs remained similar in size in 
the late follow-up period, 26.5% increased in number and 
size, and 23.5% shrank or disappeared.[46] These results 
may be explained by differences in study design or in the 
characteristics of the studied populations.

Coexisting diseases

Gallstones

The most important risk factor for the development 
of gallbladder cancer is cholelithiasis. A cohort study 
of Taiwan (China) patients hospitalized for gallstones 
reported that participants with gallstones had a 59 times 
higher risk of gallbladder cancer than those without 
gallstones.[47] Another cohort study reported a positive 
association between gallstones and an increased risk of 
gallbladder cancer mortality.[48] The increased risk is most 
likely attributable to greater local epithelial irritation 
and chronic inflammation leading to dysplasia caused by 
gallstones.[49]

Primary sclerosing cholangitis (PSC)

PSC is an idiopathic, heterogeneous, cholestatic liver 
disease that is characterized by persistent, progressive, 
biliary inflammation and fibrosis.[50] Most gallbladder 
polyps in patients with PSC are benign. For patients with 
PSC without high-risk imaging features, monitoring and 
observation prior to cholecystectomy is recommended.[51] 
It is reasonable to perform cholecystectomy in patients 
with small polyps when the underlying liver disease per-
mits.

Diagnosis

GPLs are asymptomatic in most cases and are usually 
discovered incidentally by imaging.[3,19,52] Some patients 
with advanced malignant polyps may present with 
abdominal pain, dyspepsia, and jaundice, but polyps are 
usually not the direct cause of the complaints.[19] The 
diagnosis of GPLs is divided into chemical examination 
and imaging examination. Due to the poor specificity and 
low accuracy of chemical examination for the diagnosis 
of GPLs, imaging examination is mainly used at present, 
including ultrasound (US), endoscopic ultrasound (EUS), 
computed tomography (CT), magnetic resonance imaging 
(MRI), positron emission tomography (PET), elastogra-
phy, microflow imaging (MFI), and other examination 
methods.

Imaging examination

Transabdominal ultrasonography

US is currently the imaging method of choice for the 
diagnosis of GPLs.[53] Transabdominal ultrasound (TAUS) 
includes conventional ultrasound (CUS), high-resolution 
ultrasound (HRUS), contrast-enhanced ultrasound (CEUS), 
and three-dimensional ultrasound (3DUS).[54] Although 
CUS is helpful in differentiating cholesterol polyps from 
adenomas, the diagnostic accuracy is poor in GPLs with 
polyps <1 cm.[52,55] The sensitivity and specificity of CUS 
for polyps <1 cm were reported to be 20% and 95.1%, 
respectively, while the sensitivity and specificity for 
polyps >1 cm were 80% and 99.3%, respectively.[52] In 
contrast, the magnified images obtained using HRUS are 
very helpful in identifying small lesions, and therefore, 
HRUS is considered to have the potential to be an impor-
tant diagnostic modality for the differential diagnosis 
of benign polypoid lesions and early-stage gallbladder 
cancer, as well as for cancer staging.[56] CEUS improves 
the diagnosis of GPLs compared to CUS.[57] CEUS can 
detect dynamic microvascularization of PLG >1.0 cm in 
diameter and facilitate the differentiation between benign 
and malignant gallbladder tumors and non-neoplastic 
GPLs.[58] Disruption of gallbladder wall integrity in CEUS 
is a major sign of gallbladder cancer.[59] In addition to 
the two-dimensional ultrasound (2DUS) described above, 
3DUS plays a role in the clinical diagnosis of GPLs. It has 
been suggested that 3DUS diagnosis correlates well with 
2DUS and could be used as a stand-alone technique for 
the diagnosis of GPLs.[60] TAUS can also provide a basis 
for decisions related to surgery for GPLs, where polyp size 
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≥15  mm is the strongest predictor of tumor polyps.[61] 
It has also been reported in the literature that despite 
improvements in TAUS technology, it is still important 
to take into account that its accuracy is still poor when 
dealing with patients with GPLs detected by TAUS.[62]

EUS

EUS is routinely used in the differential diagnosis of GPLs 
because of its high resolution and specificity.[63] The most 
notable feature of EUS is that it combines ultrasonog-
raphy with endoscopy, enabling a close examination of 
the lesion and surrounding tissues and improving the 
resolution of the images. Compared with US, EUS is more 
suitable for lesions <1 cm and has a higher diagnostic rate 
and safety.[64] Some literature suggests that EUS is helpful 
to distinguish neoplastic from non-neoplastic polyps.[65] 
Non-neoplastic polyps on EUS appear as hyperechoic 
spots and aggregates of multiple microcysts.[66] For 
example, cholesterol polyps and adenomyomatosis are 
characterized by a tiny or aggregated echogenic spot 
and multiple microcysts or comet tail artifacts, whereas 
polypoid lesions without these findings suggest a possible 
adenoma or adenocarcinoma.[67] In addition, EUS can 
help determine the treatment strategy for gallbladder 
polyps and avoid unnecessary surgery.[68] EUS combined 
with fine needle aspiration is also playing an increasingly 
important role in the histological diagnosis of gallbladder 
tumors.[63] However, some investigators have indicated 
that the accuracy of EUS in identifying neoplastic and 
non-neoplastic GPLs smaller than 1.0 cm is still low and 
insufficient to determine their treatment strategy.[69] There 
are limitations to any invasive test, and EUS is no excep-
tion. The most important limitations of EUS are the high 
requirements for operators, the long learning time, and 
the invasiveness of the test, which may lead to a series of 
complications, such as postoperative bleeding, infection, 
and biliary pancreatitis.[64] Second, calcification and bile 
duct pneumoperitoneum will affect the image quality. 
Furthermore, EUS is expensive, which will increase the 
financial burden of patients.[70]

CT

CT scans are more often used as a first-line imaging 
method for patients with abdominal symptoms or those 
undergoing regular monitoring.[3] It is possible to distin-
guish between neoplastic and non-neoplastic GPLs.[71] 
Some literature states that in three-phase dynamic 
enhanced CT scans, plain CT values, delayed phase CT 
values, and ∆CT (∆CT = portal venous phase CT value 
minus delayed phase CT value) values can detect malig-
nant lesions of gallbladder polyps, with ∆CT having the 
highest sensitivity and specificity.[72] Other investigators 
have questioned the use of CT imaging for the diagnosis 
and follow-up of GPLs, as CUS has greater advantages.[54]

MRI

MRI has not been widely used to evaluate gallbladder 
disease or to identify benign and malignant GPLs due 
to poor spatial resolution and contrast.[19,49,54] One 

study reported that MRI could be used to differentiate 
gallbladder cancer from adenomyomatosis by depicting 
the Rockitansky–Aschoff sinuses.[19] It has also been 
suggested that adenomas, although more homogeneous 
in texture, are not easily distinguishable from gallbladder 
carcinoma because of the enhancing polypoid lesions that 
appear on MRI.[17] Additional research evidence supports 
the potential of high b-value diffusion-weighted magnetic 
resonance imaging (DWI) as a new method for identifying 
benign and malignant gallbladder disease.[73]

PET

The study and application of PET to distinguish benign 
and malignant GPLs has become more common in recent 
years.[19,49] The uptake of 18F-fluorodeoxyglucose (18F-
FDG) in GPLs has been found to be a useful predictor 
of risk stratification for surgical intervention, but mainly 
applies primarily to polyps 1-2 cm in diameter.[74] This 
provides a theoretical rationale for fluorodeoxyglucose 
positron emission tomography (FDG-PET) as a possible 
method for accurately diagnosing malignant gallbladder 
polyps preoperatively.

Elastography

Real-time elastography is a dynamic technique that 
objectively assesses the elastic properties of tissues by 
measuring the degree of deformation under the action 
of external forces. Teber et al[75] initially assessed that 
real-time elastography is feasible in the diagnosis of GPLs 
and benign lesions with high-strain elastography patterns. 
However, there are few studies and clinical applications 
of elastography, and more clinical studies are needed to 
understand the effectiveness of this technology in diag-
nosing GPLs.

Photoacoustic (PA) imaging

PA imaging is an emerging biomedical imaging modality 
that images optical absorbers in tissues through acoustic 
detectors.[76] Chae et al[77] noted that benign and malig-
nant GPLs showed distinct PA spectral patterns and that 
multispectral PA imaging could be used to identify them. 
Further studies are needed to explore this due to the lack 
of additional evidence on PA imaging in the diagnosis of 
PLA.

MFI

MFI is a new high-resolution flow US imaging technique 
that discriminates Doppler signals from blood flow and 
tissue sources, thus enabling accurate evaluation of 
microvascular and low-velocity blood flow without the 
use of US contrast agents.[78,79] MFI can more accurately 
reflect the morphology of the blood vessels within the 
polyp and improve the ability to identify the nature of the 
polypoid lesion of the gallbladder, thus providing a US 
diagnostic basis for choosing the appropriate treatment 
for the patient.[80]
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Chemical examination

Liver function abnormalities and dyslipidemia are risk 
factors for GPLs, but blood biochemical tests have no 
significant diagnostic value for GPLs. Tumor markers 
include carcinoembryonic antigen (CEA), carbohydrate 
antigen 19-9 (CA19-9), and carbohydrate antigen 125 
(CA125). Mondal et al[81] reported that CEA expression 
was negative in benign GPLs, whereas in most primary 
gallbladder cancers, CEA expression was focal or diffuse. 
Bind et al[82] stated that CA125 could be a good adjunct 
to the diagnosis of gallbladder cancer. Some studies have 
also suggested CA19-9 as a diagnostic and prognostic 
marker for gallbladder cancer.[83] When comparing the 
three, CA19-9 was superior to CEA and CA125.[82,83] 
The poor specificity of tumor markers in the differential 
diagnosis may be because most malignant GPLs are early- 
stage gallbladder cancers.[49]

Treatment

The current treatment of GPLs is mainly based on the 
patient’s choice of whether to have surgery based on the 
presence or absence of symptoms. Surgical treatment is 
required for all symptomatic patients.[84] Asymptomatic 
patients are treated according to the size of the polyps, 
the tendency of the polyps to increase rapidly, and the risk 
factors for malignancy. It has been suggested that age >50 
years, solitary non-pedicled polyps, cholelithiasis, and PSC 
are risk factors for polyp malignancy.[30,85,86] In patients 
with asymptomatic polyps ≤5  mm in diameter without 
risk factors for malignancy, follow-up is not considered 
necessary.[85,86] Patients with polyps ≤5 mm in diameter 
with risk factors for malignancy and those with polyps of 
5–10 mm in diameter without risk factors for malignancy 
can be followed up first.[85,86] Surgery is recommended if 

the GPLs grow to ≥10 mm during follow-up or increase 
2 mm or more during the 2-year follow-up period.[85,86] 
Patients with polyps of 5–10 mm in diameter with risk 
factors for malignancy and those ≥1 cm in diameter (with 
or without risk factors for malignancy) should undergo 
surgery promptly [Figure 1].[1,84–86]

Surgery is the main treatment option for GPLs.[87] The 
surgical treatment of GPLs is mainly divided into chol-
ecystectomy and gallbladder-preserving polyp resection. 
Cholecystectomy includes open cholecystectomy, laparo-
scopic cholecystectomy, and transvaginal laparoscopically 
assisted endoscopic cholecystectomy. Gallbladder-pre-
serving polyp resection mainly refers to natural orifice 
transluminal endoscopic surgery (NOTES). NOTES is 
an emerging endoscopic surgery designed to reduce or 
eliminate abdominal incisions and incision-related com-
plications.

In previous studies, GPLs were mainly performed by chol-
ecystectomy, of which laparoscopic cholecystectomy was 
the major surgical method.[84–86] Compared with open 
surgery, laparoscopic cholecystectomy has the advantages 
of less trauma, less intraoperative blood loss, and shorter 
postoperative hospitalization.[88] However, studies have 
shown that adhesive disease occurs most often in abdom-
inal wall incisions.[89] This prompted investigators to 
choose a better surgical approach to avoid postoperative 
complications. Some studies have explored transvaginal 
laparoscopically assisted endoscopic cholecystectomy 
and have shown that this surgery is feasible for being 
more effective in reducing or eliminating postoperative 
complications such as wound infections, incisional 
hernias, esthetic disdain, and adhesions.[90,91] How-
ever, transvaginal laparoscopically assisted endoscopic 
cholecystectomy has not become widespread in clinical 

Figure 1: Recommended treatment strategies for GPLs. GPLs: Gallbladder polypoid lesions.
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practice due to sex restrictions and insufficient evidence 
to support safety.

Several studies have reported the feasibility of trans-
gastric NOTES in experimental pig models.[92,93] Bai  
et al[94] indicated that transgastric NOTES can be used 
to diagnose ascites of unknown origin. These studies 
provide an important exploration of NOTES as a new 
technology for the minimally invasive treatment of clin-
ical abdominal diseases. With the rapid development of 
endoscopic technology, NOTES is becoming possible 
as a new approach to treating gallbladder polyps.[95] 
Gallbladder-preserving polyp resection is performed 
for patients with benign gallbladder polyps with good 
gallbladder function and involves transgastric or transduo-
denal endoscopic access to the gallbladder for resection 
of the polyps.[96–98] Tian et al[96] reported the first case 
of resection of gallbladder polyps following EUS-guided 
cholecystoduodenostomy using a lumen-apposing metal 
stent. The first case of endoscopic polypectomy through a 
cholecystogastrostomy was reported by Chen et al.[97] Li 
and Han[95] reported for the first time the successful use of 
gallbladder-preserving polyp resection and concluded that 
this procedure was a promising new surgical option for 
patients who wished to preserve the gallbladder and its 
function without scarring of the abdominal wall. Zhang 
et al[98] performed a follow-up of 12 patients treated with 
transgastric gallbladder-preserving polyp resection for a 
period of 4 months to determine recurrence or death in 
any of the patients, and they concluded that transgas-
tric gallbladder-preserving polyp resection was a viable 
treatment for patients with benign gallbladder disease. 
The transgastric gallbladder-preserving polyp resection 
procedure was as follows: gastric sinusotomy, finding the 
gallbladder, incision of the gallbladder, finding the polyp, 
looper removal, clamping of the gallbladder incision, and 
clamping of the gastric incision [Figure  2]. The advan-
tage of gallbladder-preserving polyp resection is that it 
preserves a functioning gallbladder and can prevent the 
development of postcholecystectomy syndrome. However, 

because this is a new technique, the inherent limitations 
and possible risk factors are not known. Further studies 
are needed to demonstrate its safety and long-term effec-
tiveness and to determine which patients will benefit the 
most from the surgery.

Conclusion

GPLs are common in populations. GPLs are classified as 
benign and malignant polyps, with the most common type 
being cholesterol polyps, and as such, most GPLs have a 
low malignant potential. The important features of GPLs 
are shown in [Table  1]. HBV infection, liver function 
abnormalities, dyslipidemia, and obesity are the main risk 
factors for GPLs. Studies of biological mechanisms have 
focused on malignant gallbladder polyps, the development 
of which is regulated by hormone levels in vivo, gut 
microbiota, inflammation, oxidative stress, Salmonella 
typhimurium, and related molecules. The diagnosis of GPLs 
includes imaging and chemical examination, and imaging is 
currently the main examination due to the poor specificity 
and sensitivity of chemical examination. US is currently 
the most commonly used imaging examination, and the 
application of other imaging techniques deserves further 
exploration especially US endoscopy in GPLs. Treatment 
of patients with GPLs is based on the presence or absence 
of symptoms, age, size of the polyps, tendency of the polyp 
to increase rapidly, and risk factors for symptomatic malig-
nancy to determine whether surgery should be performed. 
Surgical options include laparoscopic-based cholecystec-
tomy and endoscopic-based gallbladder-preserving polyp 
resection. Further studies are needed to demonstrate the 
safety and long-term effectiveness of the new technique of 
endoscopic gallbladder-preserving polyp resection.
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