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Comet tail artifact on ultrasonography: 
is it a reliable finding of benign 
gallbladder diseases?
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Purpose: The aim of this study was to evaluate whether the comet tail artifact on ultrasonography 
can be used to reliably diagnose benign gallbladder diseases.
Methods: This retrospective study reviewed the clinical findings, imaging findings, preoperative 
ultrasonographic diagnoses, and pathological diagnoses of 150 patients with comet tail artifacts 
who underwent laparoscopic cholecystectomy with pathologic confirmation. The extent of the 
involved lesion was classified as localized or diffuse, depending on the degree of involvement 
and the anatomical section of the gallbladder that was involved. This study evaluated the 
differences in clinical and imaging findings among pathologic diagnoses.
Results: All gallbladder lesions exhibiting the comet tail artifact on ultrasound examination 
were confirmed as benign gallbladder diseases after cholecystectomy, including 71 cases 
of adenomyomatosis (47.3%), 74 cases of chronic cholecystitis (49.3%), two cases of 
xanthogranulomatous cholecystitis (1.3%), and three cases of cholesterolosis (2.0%); there were 
two cases of coexistent chronic cholecystitis and low-grade dysplasia. There were no statistically 
significant differences in any of the clinical and ultrasonographic findings, with the exception 
of gallstones (P=0.007), among the four diseases. There were no significant differences in the 
average length, thickness, or number of comet tail artifacts among the four diagnoses. No 
malignancies were detected in any of the 150 thickened gallbladder lesions.
Conclusion: The ultrasonographic finding of the comet tail artifact in patients with thickened 
gallbladder lesions is associated with the presence of benign gallbladder diseases, and can be 
considered a reliable sign of benign gallbladder disease.
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Introduction

Ultrasonography is an essential imaging modality in diagnosing patients with gallbladder disease. If 
an ultrasound examination reveals a thickened gallbladder wall, malignant and benign gallbladder 
lesions, such as cholecystitis, benign cholesterolosis, and adenomyomatosis, among others, should be 
distinguished [1,2]. It is important to distinguish between benign and malignant gallbladder lesions 
because the treatment methods and prognoses are different for each. 

Imaging features including invasion of the surrounding tissue, growth of large-sized polypoid 
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lesions, and restriction on diffusion-weighted magnetic resonance 
imaging (MRI) are well-known features of malignant gallbladder 
lesions [3-5]. Many attempts have been made to distinguish 
between benign and malignant gallbladder lesions using various 
imaging modalities, such as contrast-enhanced computed 
tomography and MRI [6-10]. However, gallbladder cancer exhibits 
a variety of imaging features [3]. Occasionally, it is difficult to 
distinguish between benign and malignant gallbladder lesions 
in cases that do not exhibit specific malignant features, such as 
minimal wall thickening and comparable enhancement to that of the 
adjacent normal wall of the gallbladder.

The comet tail artifact is a well-known useful reverberation 
artifact on sonograms [11]. It is often accompanied by a thickened 
gallbladder wall lesion, such as gallbladder adenomyomatosis. 
The presence or absence of the comet tail artifact depends on the 
configuration of the gallbladder lesions. However, no research has 
investigated whether the comet tail artifact appears in malignant 
gallbladder lesions. The aim of this study was to evaluate whether 
the comet tail artifact on ultrasonography can be used as a reliable 
finding in the diagnosis of benign gallbladder diseases.

Materials and Methods

The Institutional Review Board approved this retrospective study and 
waived the requirement for patients to provide informed consent. 

Patient Selection
This study reviewed 19,361 abdominal ultrasound examinations 
performed at the authors' institution between January 2012 and 
December 2016. In total, 296 cases exhibited a comet tail artifact 
at a gallbladder lesion on ultrasound examination. Among these, 64 

cases were excluded because they involved patients who underwent 
repeated examinations, while 82 patients were excluded because 
they did not undergo surgery or were lost to follow-up. A total of 
150 patients who underwent cholecystectomy were included in the 
final data analysis (Fig. 1).

The following information was collected from the patients' 
electronic medical records: age, sex, presence of accompanying 
biliary colic symptoms, preoperative ultrasonographic diagnosis, 
surgical indication of cholecystectomy, final pathological diagnosis, 
and time interval between the ultrasound examination and 
cholecystectomy. In some cases, there were at least two pathologic 
diagnoses. In these cases, the primary finding was used to determine 
the final pathologic diagnosis.

Gallbladder Ultrasonography
Gallbladder ultrasonography was performed using an ultra-
sonography unit equipped with a 1-5-MHz convex array transducer 
(iU22, Philips Medical System, Bothell, WA, USA). Ultrasound images 
of the gallbladder were acquired using the grayscale B-mode 
imaging technique and harmonic technique, with or without 
the zoom function. The examinations were performed with the 
patients in a fasting state and in either the supine or left lateral 
decubitus position. Two expert radiologists with more than 20 
years of abdominal imaging experience performed the gallbladder 
ultrasonography.

Ultrasonographic Analysis
The comet tail artifact was defined as the presence of both a 
bright hyperechoic focus at the gallbladder lesion and an inverted 
triangular acoustic enhancement posterior to the hyperechoic focus, 
which exhibited a gradual decrease in strength and thickness (Fig. 2). 

Fig. 1. Inclusion cr iter ia for patient 
selection. This flow chart shows the exclusion 
criteria and the number of patients excluded, 
and the number of patients finally included.

19,361 Routine abdomen ultrasonography 
in 2012 January-2016 December

296 Comet tail artifact (+)

150 Finally included patients with cholecystectomy

146 Exclusion criteria
       64 Repeated ultrasound exam
       82 Not undergo surgery of follow-up loss
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The maximal length and thickness of the comet tail artifact was 
measured in millimeters, and the values were rounded to the first 
decimal place. The number of comet tail artifacts was counted in the 
image that was most frequently observed.

The maximum thickness of the gallbladder wall lesion was 
measured through the inner to outer margin at the greatest 
thickness of the lesion, in either intercostal or longitudinal 
gallbladder ultrasound images, and expressed in millimeters with 
rounding to the nearest millimeter. In this study, a gallbladder lesion 
with a width greater than 3 mm was considered to be thickened. In 
all ultrasound images, irregularity of the lesions’ margin, loss of the 
wall layer, presence of intralesional cysts, and echogenic foci were 
examined; in addition, the presence of an accompanying gallstone, 
invasion of adjacent organs, lymph node enlargement, and collapse 
of the gallbladder lumen were assessed.

It has been suggested that the extent of involvement is an 
important factor influencing the assessment of whether a gallbladder 
lesion constitutes a malignant lesion. Thus, it was necessary to 
investigate whether there was a difference in the proportion of 
malignant lesions according to their extent of involvement. Because 
no standard method exists to distinguish the extent of gallbladder 
lesion involvement, the lesions were divided into two types 
according to their extent of involvement on anatomical sections. 

The gallbladder is commonly divided into fundus, body, and neck 
sections; thus, a lesion was classified as localized if the lesion was 
present in one section, and diffuse if it was present in more than 
one section contiguously (Fig. 3).

Statistical Analysis
The Kruskal-Wallis test was used to compare the average values of 
patient age and lesion thickness, as well as the length, thickness, 
and number of comet tail artifacts among the final pathologic 
diagnoses. The Fisher exact test was used to compare the frequencies 
of patients' sex and the presence of accompanying biliary colic 
symptoms, lesion wall irregularity, loss of the wall layer, intralesional 
cyst, echogenic foci, a collapsed gallbladder lumen, accompanying 
gallstone, enlarged lymph node, and invasion of surrounding tissue 
among the pathologic diagnoses of gallbladder lesions. If statistical 
significance was observed for a variable, the Wilcoxon rank-sum test 
was used to determine whether a statistically significant difference 
was present in the average values within each diagnosis, while 
the Fisher exact test was used to determine whether a statistically 
significant difference was present in the proportions of diagnoses. 
All statistical analyses were performed using R software ver. 3.5.1 
(https://cran.r-project.org), an open-source software distributed 
under the GNU General Public License. Additional packages for R 

Transducer

Fig. 2. Schematic representation of the comet tail artifact.
A. The ultrasonic beam is repeatedly reflecting on the shallow and deep sides of matter, and the reflected beams are returning to the probe 
again. B. This figure shows a sonogram of a triangular hyperechoic lesion made up of repeatedly reflected beams coming into probe.
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were obtained from mirror sites of the Comprehensive R Archive 
Network (CRAN) (https://github.com/cardiomoon/moonBook, 
https://userfriendlyscience.com/download). P-values of <0.05 were 
considered to indicate statistical significance.

Results

Of the 150 patients included in the final data analysis, the 
respective numbers of male and female patients were 85 (56.7%) 
and 65 (43.3%). The mean age was 44.1±11.0 years (range, 21 
to 84 years). Tables 1 and 2 summarize the patients’ preoperative 
clinical and ultrasonographic diagnoses before cholecystectomy. 
The preoperative clinical diagnosis was made after ultrasonography, 
and corresponded directly to the surgical indication. The included 
preoperative ultrasonographic diagnoses were as follows: acute 
cholecystitis, chronic cholecystitis, adenomyomatosis, cholesterolosis, 
benign polyp, xanthogranulomatous cholecystitis, and gallbladder 
carcinoma (Table 2). Five patients were diagnosed with gallbladder 
carcinoma on preoperative ultrasonography (3.3%) (Fig. 4). In the 
five patients with suspected malignant lesions, one was a localized 
lesion with wall thickness of 5 mm, a maximal diameter of 12 
mm, and marginal irregularity; loss of the wall layer was observed 
on ultrasonography, and the lesion was diagnosed as chronic 
cholecystitis after cholecystectomy. Another patient exhibited a 

Fig. 3. Representative cases of the comet tail artifact.
A. A 34-year-old man with incidentally detected localized type gallbladder wall thickening on ultrasonography, pathologically confirmed 
as adenomyomatosis. Transabdominal ultrasonography shows localized wall thickening (arrowheads) at the fundus of the gallbladder with 
comet tail artifacts (arrows) (wall thickness: approximately 6 mm). The presence of sludge is observed in the lumen of the gallbladder (asterisk). 
B. A 37-year-old man with incidentally detected diffuse type gallbladder wall thickening on ultrasonography, pathologically confirmed as 
chronic cholecystitis. Transabdominal ultrasonography shows diffuse, irregular wall thickening (arrowheads) at the fundus, body, and neck of 
the gallbladder with multiple comet tail artifacts (arrows) (wall thickness: approximately 5 mm). Note multiple gallstones in the lumen of the 
gallbladder (asterisks).
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Table 1. The number of patients according to clinical indications 
of cholecystectomy

Indication No.

Acute cholecystitis 30

Adenomyomatosis with gallstone 45

Adenomyomatosis without gallstone 19

Biliary colic symptom with gallstone 46

Biliary colic symptom without gallstone 4

Chronic cholecystitis 1

Suspected gallbladder carcinoma 5

Table 2. The number of patients according to the preoperative 
ultrasonographic diagnosis

Diagnosis No. (%)

Adenomyomatosis 95 (63.3)

Adenomyomatosis with acute cholecystitis 24 (16.0)

Adenomyomatosis with cholesterolosis 8 (5.3)

Acute cholecystitis 6 (4.0)

Benign polyp 6 (4.0)

Chronic cholecystitis with cholesterolosis 3 (2.0)

Chronic cholecystitis 1 (0.7)

Xanthogranulomatous cholecystitis 2 (1.3)

Gallbladder carcinoma 5 (3.3)
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diffuse lesion with a wall thickness of 9 mm, an accompanying 
irregular margin, and loss of the wall layer; this lesion was 
diagnosed as adenomyomatosis after the gallbladder operation. 
Two patients had lesions that were suspected to be malignant; 
these were diffuse, relatively thick (approximately 6 mm), and 
newly appeared lesions that demonstrated a loss of the wall layer. 
These patients were diagnosed with chronic cholecystitis and 
cholesterolosis after cholecystectomy, respectively. In the other 
patient, the lesion was diffuse with a wall thickness of 6 mm, an 
accompanying irregular margin, and loss of the wall layer; it was 
diagnosed as adenomyomatosis after cholecystectomy.

Of the 150 patients, 74 (49.3%) had accompanying biliary colic 
symptoms. The average maximum thickness of the gallbladder lesion 
on ultrasonographic imaging was 5.7 mm (range, 3 to 14 mm). 
The number of diffuse lesions was 91 (60.7%), and the number of 
localized lesions was 59 (39.3%). Twenty-nine patients (19.3%) 
exhibited an irregular margin and 96 (64.0%) showed a loss of the 
wall layer. Four patients (2.7%) demonstrated an intralesional cystic 
lesion and 22 (14.7%) exhibited intralesional echogenic foci. The 
number of lesions with accompanying gallstones was 120 (80.0%). 
There were nine patients (6.0%) with a collapsed gallbladder 
lumen. The average values of the maximum length and thickness of 
the comet tail artifact were 7.6 mm and 3.2 mm, respectively; the 
average number of comet tail artifacts was 3.0. No patients showed 

involvement of an adjacent organ or an accompanying enlarged 
lymph node.

The final pathological diagnoses after cholecystectomy of the 
150 patients in this study are shown in Fig. 5. All 150 thickened 
gallbladder lesions yielded findings of benign pathology on 
cholecystectomy, including 71 cases (47.3%) of adenomyomatosis 
with chronic inf lammation; 74 cases (49.3%) of chronic 
cholecystitis without adenomyomatosis; two cases (1.3%) of 
xanthogranulomatous cholecystitis; and three cases (2.0%) of 
cholesterolosis only. Of 74 chronic cholecystitis lesions, two were 
accompanied by low-grade dysplasia: one patient was a 32-year-
old woman with a localized, thickened gallbladder lesion (maximum 
thickness, 4 mm) and a 14-day interval between ultrasonography 
and cholecystectomy. The other patient was a 35-year-old man with 
a diffuse, thickened gallbladder lesion (maximum thickness, 4 mm) 
and a 7-day interval between ultrasonography and cholecystectomy 
(Fig. 6). No malignancy was present in any of the 150 thickened 
gallbladder lesions.

Table 3 summarizes the clinical and imaging findings based 
on the final pathologic diagnoses, including chronic cholecystitis, 
adenomyomatosis, cholesterolosis, and xanthogranulomatous 
cholecystitis. There were no statistically significant differences in 
the mean age (P=0.145), sex ratio (P=0.667), or the presence of 
biliary colic symptoms (P=0.163) among the four diseases. With 

Fig. 4. Two cases suspected malignant lesions on preoperative ultrasonography.
A. A 40-year-old woman with incidentally detected diffuse gallbladder wall thickening on ultrasonography, pathologically confirmed as 
adenomyomatosis. Transabdominal ultrasonography shows diffuse, irregular wall thickening (arrowheads) at the fundus and body of the 
gallbladder with comet tail artifacts (arrows) (wall thickness: approximately 9 mm). The lesion shows loss of wall layer. This lesion is not 
accompanied by gallstones. B. A 45-year-old man with newly detected diffuse gallbladder wall thickening on ultrasonography, pathologically 
confirmed as chronic cholecystitis. Transabdominal ultrasonography shows diffuse wall thickening (arrowheads) of the gallbladder with comet 
tail artifact (arrow) (wall thickness: approximately 6 mm). The lesion shows loss of wall layer. This lesion has a relatively smooth margin and 
is not accompanied by gallstones.
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Table 3. Clinical and ultrasound characteristics of included patients with a thickened gallbladder wall
Chronic chole-
cystitis (n=74)

Adenomyo-
matosis (n=71)

Cholesterolosis 
(n=3)

Xanthogranulomatous 
cholecystitis (n=2)

Total (n=150) P-value

Age (yr) 44.4±10.9 43.3±10.6 44.3±12.0 67.0±7.0 44.1±11.0 0.145

Male sex 42 (56.8) 40 (56.3) 1 (33.3) 2 (100) 85 (56.7) 0.667

Female 32 (43.2) 31 (43.7) 2 (66.7) 0 65 (43.3)

Biliary colic symptom 41 (55.4) 30 (42.3) 1 (33.3) 2 (100) 74 (49.3) 0.163

Maximum wall thickness (mm) 5.5±1.9 5.9±2.4 5.7±0.5 8.5±1.5 5.7±2.2 0.227

Localized type 31 (41.9) 27 (38.0) 0 1 (50) 59 (39.3) 0.338

Diffuse type 43 (58.1) 44 (62.0) 3 (100) 1 (50) 91 (60.7)

Irregularity 13 (17.6) 15 (21.1) 0 1 (50) 29 (19.3) 0.507

Loss of layer 46 (62.2) 47 (66.2) 2 (66.7) 1 (50) 96 (64.0) 0.944

Cystic lesion 2 (2.7) 2 (2.8) 0 0 4 (2.7) >0.990

Echogenic foci 11 (14.9) 11 (15.5) 0 0 22 (14.7) >0.990

Gallstone 66 (89.2) 51 (71.8) 1 (33.3) 2 (100) 120 (80.0) 0.007a)

Collapsed lumen 2 (2.7) 7 (9.9) 0 0 9 (6.0) 0.578

Maximum length of the CTA (mm) 7.4±3.0 7.8±3.9 7.0±4.5 8.0±2.0 7.6±3.5 0.940

Maximum thickness of the CTA (mm) 3.2±1.1 3.3±1.2 2.7±0.9 2.5±0.5 3.2±1.1 0.576

No. of CTAs 3.0±1.5 3.0±2.0 5.7±5.2 2.0±1.0 3.0±1.9 0.670
Values are presented as mean±standard deviation or number (%). 
There were no cases involving adjacent organs or accompanying enlarged lymph nodes.
CTA, comet tail artifact.
a)Statistically significant P-value.

Fig. 6. A case of low-grade dysplasia detected on a final 
pathologic exam. A 35-year-old man with incidentally detected 
di f fuse gal lb ladder wal l  thickening on ultrasonography, 
pathologically confirmed as chronic cholecystitis with low grade 
dysplasia. Transabdominal ultrasonography shows mild diffuse wall 
thickening (arrowheads) at the body and neck of the gallbladder 
with comet tail artifact (arrow) (wall thickness: approximately 4 
mm). The presence of sludge is observed in the lumen of gallbladder 
(asterisk). This lesion did not demonstrate intramural cystic lesion, 
irregular wall, or invasion to surrounding tissues.

Fig. 5. Schematic drawing of the pathological diagnosis of 
patients included in the study (n=150). All 150 thickened 
gallbladder lesions yielded the finding of benign pathology on 
cholecystectomy, including 71 (47.3%) adenomyomatosis with 
chronic inflammation; 74 (49.3%) chronic cholecystitis without 
adenomyomatosis; two (1.3%) xanthogranulomatous cholecystitis; 
and three (2.0%) cholesterolosis only.

Cholesterolosis
3 (2.0%)Xanthogranulomatous

cholecystitis
2 (1.3%)

74
(49.3%)

71
(47.3%)
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regard to ultrasonographic findings, the proportion of lesions 
with accompanying gallstones was 89.2% of patients with 
chronic cholecystitis, 71.8% of those with adenomyomatosis, 
33.3% of those with cholesterolosis, and 100% of those with 
xanthogranulomatous cholecystitis, respectively. There was a 
statistically significant difference in the percentage of patients 
with accompanying gallstones among the four diseases (P=0.007). 
The rate of accompanying gallstones in patients with chronic 
cholecystitis was significantly higher than among patients with 
adenomyomatosis (P=0.011) or cholesterolosis (P=0.043). There 
were no significant differences in the proportion of accompanying 
gallstones among the other diseases (Table 4). Likewise, there were 
no significant differences in the average value or percentage of 
other ultrasonographic findings among the four diagnoses.

Discussion

Ultrasonography images are created by a strong reflected beam 
that is first reflected from the surfaces of reflectors. However, if 
the ultrasound beam is reflected repeatedly between the front and 
back surfaces of the reflector, multiple reflected beams appear 
in the image, as if multiple reflectors are present in the posterior 
row. When the process is repeated, a smaller amplitude and the 
appearance of an inverted triangular shape are attained; this pattern 
is known as the comet tail or V-shaped artifact [11]. Comet tail 
artifacts are known to occur at interfaces where areas of different 
acoustic impedance are found; for example, at the valve prosthesis 
on echocardiography, or in areas of abdominal extraluminal free gas 
on abdominal ultrasonography [12,13].

In addition, the artifact is often present in adenomyomatosis of 
the gallbladder. Comet tail artifacts are the result of cholesterol 
crystals deposited in Rokitansky-Aschoff sinuses (RASs), which is a 
consequence of increased endoluminal pressure [14,15]. However, 
RASs are also present in cases of chronic cholecystitis [16,17]. 
Xanthogranulomatous cholecystitis is caused by extravasation 
of bile into the gallbladder wall through ruptured RASs; hence, 
this condition is considered to be rich in RASs [16-18]. Most 

cases with chronic cholecystitis, and approximately 80% of cases 
with xanthogranulomatous cholecystitis, show accompanying 
cholelithiasis [18,19]. Despite a lack of studies regarding the 
component ratio of cholesterol and pigmented stone in patients with 
gallbladder disease, one study reported that approximately 90% of 
cases of chronic cholecystitis and approximately 97% of cases of 
xanthogranulomatous cholecystitis had accompanying cholesterol or 
mixed stones [20]. Cholesterol crystals are a precursor of cholesterol 
stones, created and grown through cholesterol supersaturation 
and nucleation in the gallbladder [21,22]. Thus, patients with 
cholesterol stones show large amounts of cholesterol crystals. In 
summary, comet tail artifacts are caused by an accumulation of 
cholesterol crystals in RASs and can be seen in cases of both chronic 
cholecystitis and xanthogranulomatous cholecystitis, as well as in 
cases of adenomyomatosis.

In the present study, gallbladder lesions showing comet tail 
artifacts were diagnosed as chronic cholecystitis, adenomyomatosis, 
cholesterolosis, and xanthogranulomatous cholecystitis, and there 
was no difference in the proportion of each diagnosis, even when 
groups were divided according to the extent of the involved lesion. 
Thus, except for cholesterolosis, gallbladder diseases with comet 
tail artifacts are consistent with the diseases in which RASs exist. 
Cholesterolosis or cholesterol polyp is caused by the accumulation 
of cholesterol-rich macrophages in the lamina propria of the 
gallbladder. No studies have confirmed a relationship between 
cholesterolosis and RAS presence [23]. However, results from our 
study indicated a significantly lower rate of gallstone involvement 
in cases of cholesterolosis (33.3%) than in cases of chronic 
cholecystitis (89.2%). Although not statistically significant, the rate 
of accompanying gallstones in cholesterolosis was lower than in 
adenomyomatosis (71.8%) or xanthogranulomatous cholecystitis 
(100%). Notably, there was a small number of patients with 
cholesterolosis and xanthogranulomatous cholecystitis, which 
limited the statistical robustness of the results; the association 
between cholesterolosis and gallstones remains controversial in the 
literature [23]. This study could not find any association between 
cholesterolosis and RASs, or between cholesterolosis and gallstones. 

Table 4. P-values from the Fisher exact test comparing the proportions of accompanying gallstones in each diagnosis
Chronic cholecystitis Adenomyomatosis Cholesterolosis Xanthogranulomatous cholecystitis

Chronic cholecystitis - 0.011a) 0.043a) 1

Adenomyomatosis 0.011a) - 0.209 1

Cholesterolosis 0.043a) 0.209 - 0.400

Xanthogranulomatous cholecystitis 1 1 0.400 -
Statistical analysis was performed using the Fisher exact test to compare the ratios between groups, and P-values were assessed.
a)Statistically significant P-value.
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Moreover, the study could not identify other significant causes of 
comet tail artifacts in cholesterolosis. Future studies regarding the 
relationship between cholesterolosis and the comet tail artifact or 
RASs are required.

The ultrasonographic diagnoses of gallbladder disease were 
acute cholecystitis, adenomyomatosis, chronic cholecystitis, 
cholesterolosis, benign polyp, and gallbladder cancer. Of these 
diagnoses, adenomyomatosis, cholesterolosis, and benign polyp are 
not usually included in the indications for cholecystectomy. However, 
these patients were found to have acute cholecystitis or gallstone 
on ultrasonography, or biliary colic symptoms, which led to surgery. 
For this reason, the list of preoperative ultrasonographic diagnoses 
and the list of clinical indications of cholecystectomy were slightly 
different. Meanwhile, on preoperative ultrasonographic examination, 
gallbladder cancer was suspected in five patients. Although the 
thickness of the lesions was less than 10 mm, they were relatively 
thick and showed loss of the wall layer. Three of these lesions 
showed an irregular margin. The final diagnoses of these lesions 
were adenomyomatosis, chronic cholecystitis, and cholesterolosis. 
Thus, even if several ultrasonographic findings, including irregular 
margins and loss of the wall layer, suggest that a lesion is malignant, 
benignity should be considered in lesions with a comet tail artifact.

In the present study, there were two cases of coexistent chronic 
cholecystitis and low-grade dysplasia in a thickened gallbladder 
lesion. The time interval between the gallbladder ultrasonography 
and cholecystectomy was 14 and 7 days, respectively, which was 
within the approximately 2-week interval in which no significant 
changes in the lesion are expected. Nevertheless, because low-grade 
dysplasia is indicative of a pre-malignant lesion, the possibility that 
gallbladder lesions would be diagnosed as gallbladder cancer if the 
time interval is larger cannot be ruled out [24]. In this study, 204 
days was the maximum time interval between ultrasonography and 
cholecystectomy, which may be too short for the development of 
gallbladder malignancies. Further research investigating longer time 
intervals in this regard is warranted.

In this study, there were no statistically significant differences 
in clinical and imaging findings, with the exception of gallstones, 
among the four diagnoses. The proportion of gallstones in cases of 
chronic cholecystitis was significantly higher than the corresponding 
proportion in cases of adenomyomatosis. However, because of the 
high rates of accompanying gallstones in cases of both chronic 
cholecystitis (89.2%) and adenomyomatosis (71.8%), the use 
of gallstones to distinguish between these diagnoses is limited. 
Although cholesterolosis showed a low percentage (33.3%) of 
accompanying gallstones and a statistically significant difference 
compared with chronic cholecystitis, the number of patients 
diagnosed with cholesterolosis in this study was too small to 

generalize the result. Thus, gallstones in chronic cholecystitis may 
be an important associated finding that is often seen; however, it is 
unreasonable to argue that gallstones may help differentiate other 
gallbladder diseases. To investigate the proportion of malignant 
lesions and the ratios among the other benign diseases according 
to the extent of involvement, this study divided the extent of 
gallbladder lesions into two categories. However, there were no 
malignant lesions in either category, and there was no statistically 
significant difference in the proportion of final pathologic diagnoses 
between the categories. As a result, it is unlikely that lesion extent 
can help to differentiate gallbladder lesions with a comet tail 
artifact. This study compared the length, thickness, and number of 
comet tail artifacts among the four final pathologic diagnoses, and 
found no statistically significant differences. Therefore, these clinical 
and imaging findings, including the shape and number of comet 
tail artifacts, may not be helpful in differentiating among these four 
benign diseases.

Meanwhile, there were actually two or more pathologic 
diagnoses in many patients. However, for convenience of analysis, 
the final diagnosis was simplified to a single pathologic diagnosis. 
The pathologic reports did not mention how, or to what extent, 
the pathologic findings were mixed. However, the reports did 
contain an indication of which pathologic findings seemed to be 
more widespread and prominent. The largest or most prominent 
pathological findings were regarded as the primary pathologic 
findings, and only the corresponding disease was chosen as the 
final diagnosis. Thus, simplifying the diagnosis may have led to 
a limitation in the comparison of the clinical or imaging findings 
among the 4 diagnoses.

In previous studies, comet tail artifacts were produced by 
cholesterol crystals and observed in adenomyomatosis of the 
gallbladder [14,25-27]. However, no study has investigated the 
relationship between the pathologic diagnosis of gallbladder lesions 
and the presence of a comet tail artifact. This study is meaningful in 
that it investigated the pathologic diagnosis of gallbladder lesions 
with comet tail artifacts on ultrasonographic imaging in a relatively 
large number of patients, and all cases were benign gallbladder 
lesions.

This study has a few limitations. First, it was a retrospective study. 
The pathologic diagnoses were obtained from the whole gallbladder 
specimens, rather than from the exact lesions corresponding to 
the comet tail artifacts. As a result, there is a limited one-to-one 
correspondence between the pathologic diagnosis and imaging 
findings in the exact area with the comet tail artifact. In addition, 
whether the portion of the specimen with dysplasia corresponded 
to the exact area accompanying the comet tail artifact remains 
unknown. Second, this study simplified the pathologic diagnoses, of 
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which two or more could co-exist in each patient, to a single final 
diagnosis. Third, the study used a single-center design. There were 
too few cases of cholesterolosis (n=3) and xanthogranulomatous 
cholecystitis (n=2), which limited the statistical power of the results. 
Selection bias was also a limitation of this study. This study was 
conducted only among patients with comet tail artifacts. In future 
studies, it is necessary to collect consecutive patients regardless 
of the presence of a comet tail artifact, and to make a direct 
comparison between the group with the artifacts and the other 
group without the artifacts. A prospective study with a multicenter 
design and large cohort is needed in the future. 

In conclusion, in this study, all gallbladder lesions with a comet 
tail artifact on ultrasonographic imaging, regardless of lesion extent 
and other suspicious ultrasonographic findings such as irregular 
margin and loss of the wall layer, were benign, including causes 
of chronic cholecystitis, adenomyomatosis, xanthogranulomatous 
cholecystitis, and cholesterolosis. Therefore, the comet tail artifact in 
gallbladder lesions may potentially be a reliable sign suggesting the 
presence of a benign lesion. Our results may be applicable to the 
differential diagnosis of gallbladder diseases through gallbladder 
ultrasonography.
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