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Abstract
Background: The primary aim was to assess the diagnostic 
accuracy of routine ultrasound assessment for gallbladder 
polyps. The secondary aim was to identify the characteristics 
that differentiate neoplastic polyps from nonneoplastic pol-
yps. Methods: A total of 156 patients with histopathologi-
cally proven gallbladder polyps in 4 Dutch hospitals be-
tween 2003 and 2013 were included. Sensitivity and specific-
ity of ultrasound for polyp size, number of polyps, and polyp 
type were assessed using histopathological findings as a ref-
erence standard. In addition, diagnostic accuracy of sono-
graphic size ≥1 cm for neoplasia was assessed. Subgroup 

analysis for patients with polyps as primary indication for 
cholecystectomy was performed. The sonographic polyp 
characteristics on preoperative routine ultrasound were de-
scribed. Results: Fifty-six percent of gallbladder polyps were 
preoperatively identified on ultrasound, of which 31% were 
neoplastic. Sensitivity and specificity of ultrasound to esti-
mate polyp size were 93 and 43% (subgroup; 92 and 33%). 
Sensitivity and specificity of sonographic polyp size ≥1 cm 
for neoplasia were 86 and 32% (subgroup; 94 and 26%). No 
specific sonographic characteristics for neoplastic polyps 
could be established due to lack of reporting. Conclusion: 
Routine ultrasound assessment of polyps is associated with 
overestimation of polyp size and low specificity of sono-
graphic size ≥1 cm for neoplasia, which contributes to surgi-
cal overtreatment of nonneoplastic polyps.
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Introduction

Neoplastic gallbladder polyps should be managed by 
cholecystectomy to halt or prevent the development of 
gallbladder cancer, which is a highly lethal tumor [1]. 
However, the preoperative differentiation of neoplastic 
polyps from nonneoplastic polyps remains a diagnostic 
challenge.

Recently revised international guidelines recommend 
ultrasonography to identify polyps and evaluate polyp 
size. Cholecystectomy is advocated for all polyps ≥1 cm 
in view of the elevated risk of neoplasia of these polyps 
[2–4]. The validity of this surgical threshold can be ques-
tioned. Between one- and two-thirds of polyps with a di-
ameter ≥1 cm are nonneoplastic on postoperative histo-
pathological examination, while one-third of neoplasms 
are detected in smaller polyps (<1 cm) [5–7]. A polyp size 
of 1 cm could be an inappropriate threshold for neoplasia 
[7], or preoperative ultrasound may be inaccurate in es-
tablishing polyp size [6, 8]. Both can result in poor patient 
selection for cholecystectomy in patients with gallbladder 
polyps. Improved preoperative differentiation between 
neoplastic and nonneoplastic polyps is crucial for pre-
venting both unnecessary cholecystectomy and the un-
dertreatment of neoplastic gallbladder polyps.

Several studies have suggested that more detailed so-
nographic characteristics could aid in the preoperative 
differentiation of polyp types [6, 9–12]. However, the 
most recent European guidelines do not advise on the 
characteristics that should be evaluated. Only “comet tail” 
artifacts, which are seen in some nonneoplastic adeno-
myomatosis and cholesterol polyps, are given as a crite-
rion for nonneoplastic polyps [4].

The primary aim of the present study was to assess the 
diagnostic accuracy of routine ultrasound assessment for 
gallbladder polyp size, number, and neoplastic differen-
tiation, and determine the diagnostic accuracy of the so-
nographic 1 cm threshold for neoplasia. Furthermore, 
this study sought to evaluate the sonographic character-
istics that differentiate neoplastic and nonneoplastic pol-
yps.

Methods

Study Design and Patient Selection
A retrospective analysis of routine ultrasound reports of all pa-

tients with histopathologically proven gallbladder polyps in 2 aca-
demic and 2 affiliated teaching hospitals in the Netherlands was 
conducted. Eligible patients were identified through the Dutch na-
tionwide network and registry of histopathology and cytopathol-

ogy (PALGA). The search term “gallbladder” combined with “pol-
yp” or “adenoma” or “adenomatous polyp” or “hyperplastic polyp” 
or “dysplasia” or “cholesterolosis” or “all benign neoplasms” or “all 
primary malignancies (incl. cis)” or the individual search term 
“cholesterol polyp” were used [13]. At the time of the search, PAL-
GA covered the full pathology reports of all pathology laboratories 
in the Netherlands between 1991 and 2013. All patients with a gall-
bladder polyp or (focal) wall thickening of the gallbladder >5 mm 
on histopathological evaluation after cholecystectomy between 
2003 and 2013 were included, irrespective of the indication for 
cholecystectomy (because this is not listed in PALGA). Patients 
who underwent cholecystectomy during more extensive abdomi-
nal surgery (e.g., hepatectomy or pancreatectomy) and biopsy re-
sults were excluded. Preoperative ultrasound reports and indica-
tion for surgery were collected from patients’ medical records. Pa-
tients who did not undergo preoperative ultrasound were excluded. 
Details of polyp characteristics were extracted from pathology re-
ports and ultrasound reports.

Based on the pathology reports provided by PALGA, all pa-
tients were categorized as diagnosed with either neoplastic polyps 
([cyst]adenoma, adenocarcinoma, or other malignancy) or non-
neoplastic polyps (all other types of polyps). If a patient had both 
neoplastic and nonneoplastic gallbladder polyps, they were classi-
fied as neoplastic.

Outcomes
The primary outcomes were the sensitivity and specificity of 

ultrasound for polyp size (<1 cm vs. ≥1 cm), number of polyps 
(single vs. multiple), and polyp type (neoplastic vs. nonneoplastic). 
The histopathological polyp size, number of polyps, and polyp type 
were used as reference standard. In addition, the diagnostic accu-
racy of sonographic polyp size ≥1 cm for neoplasia was assessed. 
The outcomes were calculated for the full cohort and a subgroup 
of patients with gallbladder polyps as a primary indication for cho-
lecystectomy.

The secondary outcomes were the sonographic characteristics 
of neoplastic and nonneoplastic polyps described on preoperative 
ultrasound. These characteristics included size, number, echo-
genicity, internal pattern, shape and surface of the polyps, and in-
vasion of the liver.

Statistical Analysis
The sensitivities and specificities were calculated using 2 × 2 

tables and were displayed in forest plots. A comparison of sono-
graphic and histopathological polyp size was illustrated using 
McNemar’s test. The sonographic characteristics were reported 
for patients with neoplastic and nonneoplastic polyps. Dichoto-
mous variables were summarized as the percentage of the total 
number of patients for whom information on the variable was 
available. Continuous variables were presented as mean values 
with SD, and footnotes were used to report the total number of 
patients for whom information on the variable was available. The 
associations between characteristics and polyp type (neoplastic vs. 
nonneoplastic) were assessed using univariate logistic regression 
analysis. All variables with a p value <0.1 were included in a mul-
tivariate logistic regression analysis with backward elimination, 
retaining gender and age as covariates. A p value <0.05 was con-
sidered statistically significant. All statistical analyses were con-
ducted using SPSS Statistics 22.0 (IBM).
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Results

Two-hundred and eight patients with a histopathologi-
cally proven gallbladder polyp through PALGA were iden-
tified. A total of 156/208 patients (75%) who underwent 
preoperative ultrasound were included in this study. A to-
tal of 55/156 patients (35.3%) had a neoplastic polyp (aver-
age histopathological size 24.5 mm), and 101/156 patients 
(64.7%) had a nonneoplastic polyp (average histopatho-
logical size 8.6 mm). The mean age of the cohort was 56.8 
years (SD 13.8), and 113/156 patients (72.4%) were female.

In 68/156 patients (43.6%), no polyps were detected on 
preoperative ultrasound. The indication for cholecystec-

tomy in these 68 patients was symptomatic cholecystoli-
thiasis in 64 patients (94.1%; including a history of com-
plicated cholecystolithiasis in 13%), 2 had biliary obstruc-
tion e.c.i. (2.9%), 1 had acalculous cholecystitis (1.5%), 
and 1 had abdominal symptoms e.c.i. (1.5%). In 88/156 
patients (56.4%), 1 or more polyps were preoperatively 
identified on ultrasound. These included 27/55 neoplastic 
polyps (49.1%) and 61/101 nonneoplastic polyps (60.4%; 
p = 0.17). A flowchart of patient inclusion and type of in-
cluded polyps is shown in Figure 1.

Polyp size was reported in 65/88 patients (73.8%). The 
number of polyps in all patients and polyp type was spec-
ified in 27/88 patients (30.7%) based on a polyp size ≥1 

Patients with histopathologically
proven gallbladder polyps (n = 208)

75% patients with preoperative
ultrasound (n = 156)

56% polyp identified
on ultrasound (n = 88)

31% neoplastic polyp
(n = 27)

69% nonneoplastic polyp
(n = 61)

44% polyp not identified
on ultrasound (n = 68)

41% neoplastic polyp
(n = 28)

59% nonneoplastic polyp
(n = 40)

a Full Cohort TP

Size (≥1 cm) 26
Single polyp 48
Neoplastic polyp 12

FP

12
5
3

FN

2
12
1

TN

9
18
6

Sensitivity (95% CI)

0.93 [0.76, 0.99]
0.80 [0.68, 0.89]
0.92 [0.64, 1.00]

Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

0.43 [0.22, 0.66]
0.78 [0.56, 0.93]
0.67 [0.30, 0.93]

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

b Subgroup TP

Size (≥1 cm) 24
Single polyp 35
Neoplastic polyp 11

FP

12
4
3

FN

2
11
1

TN

6
14
4

Sensitivity (95% CI)

0.92 [0.75, 0.99]
0.76 [0.61, 0.87]
0.92 [0.62, 1.00]

Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

0.33 [0.13, 0.59]
0.78 [0.52, 0.94]
0.57 [0.18, 0.90]

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

Fig. 1. Flow diagram of patient inclusion and polyp type.

Fig. 2. Diagnostic accuracy of ultrasound for polyp size, number, 
and polyp type. a Full cohort. b Subgroup of patients with gallblad-

der polyps as primary indication for cholecystectomy. TP, true 
positive; FP, false positive; FN, false negative; TN, true negative.
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cm and growth or invasion of the liver. The polyp size as 
measured by ultrasound differed significantly from the 
histopathological polyp size (38 vs. 28 polyps ≥1 cm, p = 
0.01). The diagnostic accuracy results of the ultrasound 
assessment of polyp size, number of polyps, and neoplas-
tic polyp type are shown in Figure 2a.

In 68/88 patients (77.3%), the primary indication for 
cholecystectomy was gallbladder polyps, while in 17/88 
patients (19.3%), the indication was symptomatic gall-
stones, and in 3/88 patients (3.4%), the indication was 
abdominal symptoms, irrespective of ultrasound find-
ings. The diagnostic accuracy results of ultrasonography 
in the subgroup of patients who specifically underwent 
cholecystectomy due to gallbladder polyps are shown in 
Figure 2b. The indications for cholecystectomy for gall-
bladder polyps were a polyp size ≥1 cm, malignant fea-
tures, growth (in size or number), suspicion of neoplasia 
on additional computed tomography (CT) or magnetic 
resonance imaging (MRI), or strong preference expressed 
by the patient.

A sonographic polyp size of ≥1 cm had a sensitivity of 
86% (18 true positives out of 21 neoplastic polyps) and 
specificity of 32% (14 true negatives out of 44 nonneo-
plastic polyps) for neoplasia in the full cohort (Fig. 3a). In 
the subgroup of patients who specifically underwent cho-
lecystectomy due to gallbladder polyps, the sensitivity 
was 94% (16 true positives out of 17 neoplastic polyps) 
and the specificity was 26% (10 true negatives out of 38 
nonneoplastic polyps; Fig. 3b).

Other sonographic characteristics of polyps were re-
ported in 28/88 patients (31.8%). An overview of the so-
nographic characteristics that were extracted from the ul-
trasound reports is provided in Table 1. The mean polyp 

size was significantly larger in neoplastic polyps on uni-
variable analysis (26.9 vs. 13.1 mm, p = 0.05), though was 
not significant in the multivariable analysis. Due to a lack 
of reporting, analysis of the more detailed sonographic 
characteristics was not conducted.

Discussion

This study illustrates the shortcomings of routine ul-
trasound assessment for gallbladder polyps: a low sensi-
tivity for gallbladder polyp identification, low specificity 
for polyp size estimation, and low specificity of the sono-
graphic 1-cm threshold for neoplasia. Additionally, de-
tailed characteristics predictive of polyp type are not rou-
tinely evaluated.

A sensitivity of 56% for polyp identification is low 
compared with a recent Cochrane review that showed an 
overall sensitivity of 84% [14]. However, the results of in-
dividual studies included in this review varied from 45 to 
100%, illustrating the large heterogeneity of the studies. 
Although 1 cm is the best cutoff size for indicating neo-
plasia in gallbladder polyps [1, 7, 15], a systematic review 
by Babu et al. [16] has shown large heterogeneity in the 
diagnostic accuracy of ultrasound for establishing polyp 
size. The summarized sensitivities varied from 78 to 100% 
and specificities from 52 to 87% [16]. The present study 
showed a comparable sensitivity but a lower specificity of 
only 26–32%.

Small cohorts and the development of ultrasound 
equipment in the study periods could explain the hetero-
geneity of the results. The different attitudes toward the 
detection and evaluation of polyps during ultrasound as-

a Full Cohort TP

Size (≥1 cm) 18

FP

30

FN

3

TN

14

Sensitivity (95% CI)

0.86 [0.64, 0.97]

Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

0.32 [0.19, 0.48]

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

b Subgroup TP

Size (≥1 cm) 16

FP

28

FN

1

TN

10

Sensitivity (95% CI)

0.94 [0.71, 1.00]

Specificity (95% CI) Sensitivity (95% CI)

0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

Specificity (95% CI)

0.26 [0.13, 0.43]

Fig. 3. Diagnostic accuracy of sonographic polyp size ≥1 cm for 
neoplastic polyp type. a Full cohort. b Subgroup of patients with 
gallbladder polyps as primary indication for cholecystectomy. TP, 

true positive; FP, false positive; FN, false negative, TN, true nega-
tive.
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sessment in the context of a clinical trial compared with 
clinical practice could also be a contributing factor [17, 
18]. Studies with lower sensitivities generally incorporate 
data from routine clinical practice, as opposed to data 
gathered specifically for research purposes. This was re-
cently discussed in other studies that showed a sensitivity 
of just 8.3% for polyp identification and a specificity of 
53% for the 1-cm surgical threshold in routine clinical 
practice [19, 20].

The shortcomings in the diagnostic accuracy of rou-
tine ultrasound assessment directly impact clinical prac-
tice, as indication for cholecystectomy for gallbladder 
polyps is primarily based on ultrasound results. Due to 
the present study design, all patients with gallbladder pol-
yps on histopathology after cholecystectomy were identi-
fied, including patients without preoperative sonograph-
ic identification of polyps who underwent cholecystec-
tomy for a different indication (e.g., symptomatic 
gallstones). In these symptomatic patients, the false nega-
tive ultrasound result did not have implications for clini-
cal practice. The potential undertreatment of neoplastic 

polyps in asymptomatic patients with false negative re-
sults on ultrasound could not be established, as these pa-
tients do not undergo surgery and are, therefore, impos-
sible to identify. However, with a sensitivity of 56%, nu-
merous asymptomatic patients with potentially neoplastic 
polyps are expected to be overlooked.

Table 1. Sonographic characteristics of gallbladder polyps

Neoplastic 
(27 patients)

Nonneoplastic 
(61 patients)

Polyp size, mm
Mean# (SD) 26.9 (41.3) 13.1 (13.7)*
≥10 mm, n/n (%) 18/21 (85.7) 30/44 (68.2)**
Single polyp, n/n (%) 20/27 (74.1) 34/61 (55.7)***

Shape
Pedunculated, n/n 1/1 3/4
Sessile, n/n 1/4

Surface
Irregular, n/n 3/3 3/5
Smooth, n/n 2/5

Echogenicity
Hypoechogenic, n/n 1/3 2/5
Hyperechogenic, n/n 2/3 3/5

Internal pattern
Homogeneous, n/n 1/8
Heterogeneous, n/n 1/5
Cysts, n/n 2/5 3/8
Hyperechogenic spots, n/n 2/5 4/8
Invasion in liver, n/n 3/3 0/3

# Sixty-five patients. * p = 0.05, not significant in multivariate 
analysis. ** p = 0.13. *** p = 0.10, not significant in multivariate 
analysis.

Table 2. Overview of imaging characteristics for gallbladder polyps 
on ultrasound

– Polyp sizea

– Number of polypsb

– Mobilityc

– Acoustic shadowingd

– Reverberation “comet tails”e

– Echogenicity (hypo-, iso-, or hyperechogenic)f

– Internal pattern (homo- or heterogeneous)g

– Specific features (hyperechogenic spots, microcysts, 
microcalcifications)h

– Shape (pedunculated, sessile)i

– Surface (smooth, irregular, nodular)j

– Gallbladder wall invasionk

– Vascularityl

a Zielinski, J Gastrointst Surg, 2008; Kim, Eur Radiol, 2016; 
Wiles, Eur Radiol, 2017; Liu, J Gastroenterol Hepatol, 2018; Kim, 
Eur Radiol, 2018; Miwa, Abdom Radiol (NY), 2019; Smereczynski, 
J Ultrason, 2020. b Xu, J Ultrasound Med. 2003; Kim, Eur Radiol, 
2016; Kim, Eur Radiol, 2018; Smereczynski, J Ultrason, 2020. 
c  Wiles, Eur Radiol, 2017; Smereczynski, J Ultrason, 2020. 
d  Wiles, Eur Radiol, 2017; Smereczynski, J Ultrason, 2020. 
e  Sugiyama, Gut, 2000; Wiles, Eur Radiol, 2017; Golse, J Visc 
Surg, 2017. f  Azuma, Am J Surg, 2001; Cheon, World  
J Gastroenterol, 2009; Kim, Eur Radiol, 2016; Kim, Eur Radiol, 
2018; Miwa, Abdom Radiol (NY), 2019. g  Azuma, Am J Surg, 
2001; Cheon, World J Gastroenterol, 2009; Kim, Eur Radiol, 
2018; Miwa, Abdom Radiol (NY), 2019. h Sugiyama, Gut, 2000; 
Azuma, Am J Surg, 2001; Cheon, World J Gastroenterol, 2009; 
Liu, J Gastroenterol Hepatol, 2018; Kim, Eur Radiol, 2018. 
i Sugiyama, Gut, 2000; Azuma, Am J Surg, 2001; Xu, J Ultrasound 
Med, 2003; Cheon, World J Gastroenterol, 2009; Kim, Eur Radiol, 
2016; Wiles, Eur Radiol, 2017; Kim, Eur Radiol, 2018; Miwa, 
Abdom Radiol (NY), 2019. j  Azuma, Am J Surg, 2001; Xu,  
J Ultrasound Med, 2003; Cheon, World J Gastroenterol, 2009; 
Kim, Eur Radiol, 2016. k Xu, J Ultrasound Med, 2003; Zielinskt, 
J Gastrointst Surg, 2008; Kim, Eur Radiol, 2018; Smereczynski,  
J Ultrason, 2020. l  Zielinski, J Gastrointst Surg, 2008; Liu,  
J Gastroenterol Hepatol, 2018; Kim, Eur Radiol, 2018; 
Smereczynski, J Ultrason, 2020.
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A total of 70% of the patients with a preoperative so-
nographic diagnosis of gallbladder polyps had nonneo-
plastic polyps at histopathology. Even though nonneo-
plastic polyps do not require removal by cholecystecto-
my, it would be remiss to state that all these patients were 
overtreated. Other factors, such as biliary symptoms or 
concomitant gallstones, can justify cholecystectomy and 
may have resulted in incidental nonneoplastic polyps on 
histopathology. These patients were excluded from the 
subgroup analysis to establish ultrasound performance in 
the subgroup of patients who had the most implications. 
In 25% of the patients who were specifically operated on 
for gallbladder polyps, polyps were falsely estimated as ≥1 
cm, and 43% of the polyps ≥1 cm on ultrasound were 
nonneoplastic at histopathological analysis. The reason 
for this finding is a combination of the overestimation of 
polyp size by ultrasonography and the inaccuracy of the 
1 cm threshold for neoplasia in general. In current clinical 
practice in which a sonographic polyp size ≥1 cm is the 
primary indicator for cholecystectomy in gallbladder pol-
yps, the low specificity of routine preoperative ultraso-
nography contributes to the overtreatment of nonneo-
plastic gallbladder polyps. Even when considering sec-
ondary indications for cholecystectomy, such as 
symptoms, other malignant features, results of additional 
CT or MRI, and strong patient preference, considerable 
overtreatment remains.

The present study is not the only study to highlight the 
considerable overtreatment of gallbladder polyps, which 
underlines the need for improvements to ultrasound 
evaluation and patient selection for cholecystectomy for 
gallbladder polyps [20]. Multiple studies have outlined 
sonographic characteristics of gallbladder polyps that can 
be used to differentiate polyp type [6, 9–12, 21]. The most 
recent European guidelines have sought to incorporate 
this development partly by excluding definite nonneo-
plastic polyps prior to polyp size assessment based on 
“comet tail” artifacts, which can be seen in adenomyoma-
tosis or cholesterol polyps [4]. No other characteristics 
indicative of (non)neoplastic polyps or a structured over-
view of characteristics requiring evaluation and reporting 
are outlined in the guidelines. The present study illus-
trates that the characteristics that can predict polyp type, 
such as shape and echogenicity, are not routinely evalu-
ated on ultrasound assessment (70% of the reports did not 
list any polyp characteristics). Table 2 provides an over-
view of the imaging characteristics that recent literature 
suggests can be used to differentiate polyp types preop-
eratively. We hypothesize that standardizing ultrasound 
assessment to include these characteristics could help cre-

ate uniformity in polyp evaluation and promote the use 
of detailed characteristics to differentiate polyp types. 
However, further research to assess the diagnostic accu-
racy of such ultrasound evaluation and its potential to 
improve patient selection for cholecystectomy is warrant-
ed.

Due to its low cost and wide availability, conventional 
ultrasound is likely to remain the primary modality for 
gallbladder (polyp) evaluation in the foreseeable future. 
Novel imaging techniques, such as contrast enhanced ul-
trasound, endoscopic ultrasound, CT, and MRI, may be 
used in difficult cases (e.g., in asymptomatic patients with 
inconclusive ultrasound imaging, technically challenging 
ultrasound imaging [obesity], or extended polyps) [4]. 
Although endoscopic ultrasound was not superior to 
conventional ultrasound in a Cochrane review, and con-
trast enhanced ultrasound, CT, and MRI have mainly 
shown positive results in large polyps (>1 cm), these mo-
dalities are worthy of further exploration for a more elab-
orate second-stage workup of gallbladder polyps [14, 22–
24].

The strengths of the present study include patient 
identification through PALGA and the inclusion of pa-
tients from academic and nonacademic hospitals, as rou-
tine clinical practice may differ. Although starting with 
histopathology could appear to be working backwards, in 
this manner, we were able to identify all patients with his-
topathologically proven gallbladder polyps, which is the 
gold standard for polyp identification and differentiation, 
from 4 hospitals over a 10-year period, rather than only 
patients with polyps identified on ultrasound. Identifying 
patients with polyps that are not diagnosed preoperative-
ly is paramount when determining the sensitivity of ul-
trasonography. The limitations of this study include the 
relatively small sample size and length of the study period, 
which resulted in potential variation in ultrasound equip-
ment over the years. Unfortunately, the type of ultra-
sound equipment and assessor could not be considered in 
the diagnostic accuracy, as this information was lacking 
in the ultrasound reports. Last, not all ultrasound and pa-
thology reports reported polyp size and number of pol-
yps.

In conclusion, current routine ultrasound assessment 
has significant shortcomings in the diagnosis and evalu-
ation of gallbladder polyps. With a low yield of neoplastic 
polyps on cholecystectomy and a low specificity of the 
sonographic 1 cm threshold for surgery, considerable 
overtreatment of nonneoplastic polyps in clinical practice 
should be considered.
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