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Purpose: To evaluate the prevalence of tumefactive sludge of the 
gallbladder detected at ultrasonography (US) and to as-
sess whether any clinical and imaging differences exist 
between benign and malignant tumefactive sludge.

Materials and 
Methods:

The institutional review board approved this retrospective 
study. The requirement for informed consent was waived. 
The study included a cohort (n = 6898) of patients with 
gallbladder sludge drawn from all adults (n = 115 178) 
who underwent abdominal US between March 2001 and 
March 2015. Tumefactive sludge was identified according 
to the following US findings: (a) nonmovable mass-like 
lesion and (b) absence of posterior acoustic shadowing 
at B-mode US and vascularity at color Doppler US. Fol-
low-up examinations were arranged to ascertain whether 
the results showed true sludge or gallbladder cancer. Risk 
factors for malignant tumefactive sludge based on clinical 
and US characteristics were identified with multivariate 
logistic regression analysis.

Results: The prevalence of gallbladder and tumefactive sludge at 
abdominal US during the observation period was 6.0% 
(6898 of 115 178) and 0.1% (135 of 115 178), respectively. 
Twenty-eight (20.7%) patients were lost to follow-up. Of 
the 107 with tumefactive sludge, 15 (14%) were confirmed 
to have malignant tumefactive sludge. The risk factors for 
malignant tumefactive sludge were old age (odds ratio 
[OR], 1.06; P = .035), female sex (OR, 5.48; P = .014), 
and absence of hyperechoic spots within the sludge (OR, 
6.78; P = .008).

Conclusion: Although the prevalence of tumefactive sludge at US was 
rare, a considerable proportion of patients had a malig-
nancy. Careful follow-up is essential, especially for older 
patients, women, and those with an absence of hyper-
echoic spots at US.
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informed consent. Patients were iden-
tified through a search of our elec-
tronic medical records system. In the 
database search we identified 358 387 
consecutive studies in 115 178 patients 
aged 18 years or older who under-
went abdominal US between March 1, 
2001, and March 1, 2015. The initial 
search for “gallbladder sludge” iso-
lated 9308 studies in 6898 patients 
by using US reports. Then, patients 
were extracted by using the following 
keywords: “tumefactive sludge,” “tu-
mor like sludge,” “mass-like sludge,” 
“tumor” and “sludge” in same sen-
tence, and “mass” and “sludge” in the 
same sentence (13). For each patient, 
the first US examination that met the 
search criteria was taken as the index 
US study. Then, all reports and US 
images from the initial index study to 
the most recent US examination were 
extracted from the database in the 
second search and were manually re-
viewed by two abdominal radiologists 
(S.H.K. and T.W.K., with 20 and 12 
years of experience in abdominal im-
aging, respectively). A consensus was 
reached to minimize the classification 
error according to the following defini-
tion of tumefactive sludge: (a) a non-
movable mass-like lesion during US 
examination, (b) absence of posterior 
acoustic shadowing at B-mode US, and 
(c) absence of internal vascularity at 

form a fluid level, but rather appears 
as a polypoid mass that does not move 
with change in position, mimicking gall-
bladder cancer (11).

The clinical relevance of gallbladder 
sludge has been well established, as has 
its association with colicky pain, chole-
cystitis, cholangitis, and acute pancre-
atitis. The epidemiology, prevalence, 
and clinical importance of tumefactive 
sludge, however, remain unclear (11–
13). In clinical practice, when tumefac-
tive sludge is incidentally detected at US 
examination, observation, short-term 
follow-up with US, or further evalua-
tion with additional imaging modalities 
usually is performed. This may include 
contrast material–enhanced US, com-
puted tomography (CT), and magnetic 
resonance (MR) imaging (1,2). How-
ever, no clinical guidelines have been 
published regarding the treatment of 
patients with tumefactive sludge seen 
at US, and to our knowledge, no study 
exists regarding the rate of malignancy 
in patients found to have tumefactive 
sludge at US. Thus, we aimed to evalu-
ate the prevalence of tumefactive sludge 
and its association with gallbladder ma-
lignancy. In addition, we assessed for 
the existence of clinical and imaging dif-
ferences between benign and malignant 
tumefactive sludge.

Materials and Methods

Subjects
In this retrospective cohort study, we 
included patients found to have gall-
bladder sludge at US at a single ter-
tiary academic hospital, Samsung 
Medical Center, Sungkyunkwan Uni-
versity, Seoul, Korea. The institutional 
review board granted approval for the 
study and waived the requirement for 
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Advances in Knowledge

nn The prevalence of gallbladder and 
tumefactive sludge at abdominal 
US was 6.0% (6898 of 115 178; 
95% confidence interval [CI]: 
5.9%, 6.1%) and 0.1% (135 of 
115 178; 95% CI: 0.08%, 
0.12%), respectively.

nn Patients with tumefactive sludge 
did not have any specific well-
known predisposing factors for 
gallbladder sludge, such as preg-
nancy, total parenteral nutrition, 
or intensive care unit setting.

nn Of the 107 patients with tumefac-
tive sludge who underwent fol-
low-up, 15 (14%) were con-
firmed to have malignant 
tumefactive sludge (gallbladder 
cancer).

nn Old age (odds ratio [OR], 1.06;  
P = .035), female sex (OR, 5.48; 
P = .014), and absence of hyper-
echoic spots at US (OR, 6.78;  
P = .008) were independent risk 
factors for malignant tumefactive 
sludge at multivariate analysis.

Implication for Patient Care

nn In patients with tumefactive sludge 
at US, careful follow-up is essential 
because a considerable proportion 
of patients had a malignancy, 
especially older patients, women, 
and those with an absence of 
hyperechoic spots at US.

U ltrasonography (US) has a pri-
mary role in the imaging of 
gallbladder diseases including 

polyps, cholelithiasis, and sludge (1). 
Although gallbladder polyps and gall-
stones are relatively common, with a 
prevalence of 3%–7% and 10%, respec-
tively, at abdominal US, biliary sludge 
is quite rare in asymptomatic healthy 
adults (2,3), with a reported prevalence 
of 0.18%–0.27% (4,5). However, its in-
cidence can be higher in specific clinical 
situations such as pregnancy (6), total 
parenteral nutrition (7), rapid weight 
loss (8), and prolonged fasting in the 
intensive care unit (9).

Biliary sludge is usually found inci-
dentally at US and is easily diagnosed. 
It typically appears as low-level echoes 
that layer in the dependent portion 
of the gallbladder, without acoustic 
shadowing or internal vascularity. In 
addition, it tends to move slowly with 
changes in patient position because of a 
higher specific gravity (10). In compari-
son, tumefactive biliary sludge does not 
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both kidneys (according to the diag-
nostic test order). (d) Supine, left or 
right lateral decubitus, and semierect 
positions were used during examina-
tion. (e) Harmonic imaging was used 
for gallbladder examination. (f) To rule 
out the possibility of true gallbladder 
cancer, short-term follow-up with US, 
or additional work-up with contrast-
enhanced CT or MR imaging, was rec-
ommended if tumefactive sludge was 
seen at US.

our transabdominal US examination 
protocol was as follows: (a) All pa-
tients were asked to fast for at least 
6 hours before US examination. (b) 
They underwent a B-mode and Dop-
pler US examination with a convex-ar-
ray transducer with or without a linear 
high-megahertz transducer. (c) The 
routine checklist for abdominal US in-
cluded the liver, gallbladder, bile duct, 
pancreas, spleen, and pelvic cavity for 
evaluation of ascites, with or without 

color Doppler US (10,14). Reasons 
for exclusion of 53 patients who did 
not meet the definition of tumefactive 
sludge at manual image review rep-
resenting interpretive errors were as 
follows: nonmass-like lesion (n = 29), 
movability during US examination (n = 
18), and internal vascularity (n = 6) 
(Appendix E1 [online]). Ten patients 
without US images and two patients 
with improper Doppler studies were 
also excluded. All US images were re-
viewed by using our picture archiving 
and communication system (Centric-
ity; GE Healthcare, Chicago, Ill) work-
station. These search processes yield-
ed records for 135 patients. Among 
them, 28 were subsequently excluded 
because they were lost to follow-up. 
Finally, 107 patients who underwent 
follow-up for tumefactive sludge were 
included in our final cohort. The de-
tailed selection process is described in 
Figure 1.

Classification of Tumefactive Sludge
Our final cohort was divided into two 
groups, benign tumefactive sludge (true 
gallbladder sludge) or malignant tume-
factive sludge (gallbladder cancer). The 
confirmation occurred after histopath-
ologic analysis of a surgical specimen 
or serial imaging follow-up. At imaging 
follow-up, a lesion was termed benign if 
it met at least one of the following cri-
teria: (a) lesion with interval regression 
in size or disappearance at follow-up 
US, (b) high-density lesion at nonen-
hanced CT or T1 high-signal-intensity 
lesion at MR imaging without enhance-
ment after administration of contrast 
material (13), or (c) no change in size 
24 months after index US.

US Examination
The US examinations were performed 
by using one of the following US 
systems: RS80A (Samsung Medison, 
Seoul, Korea), iU22 (Philips Medi-
cal Systems, Bothell, Wash), LOGIQ 
E9 (GE Healthcare, Waukesha, Wis), 
Acuson Sequoia 512 or model 128XP 
(Siemens Medical Solutions, Mountain 
View, Calif), HDI UM-9 or -3000 or 
-5000 (Advanced Technology Labo-
ratories, Bothell, Wash). In general, 

Figure 1

Figure 1:  Flow diagram shows patient selection for study. Index terms in-
cluded “tumefactive sludge,” “tumor-like sludge,” “mass-like sludge,” “tumor” 
and “sludge” in same sentence, and “mass” and “sludge” in same sentence. 
For each patient, first US examination meeting search criteria was taken as 
index US study. PACS = picture archiving and communication system.
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of follow-up imaging modalities used 
for confirmation were reviewed. All of 
these review processes were performed 
by one author (K.M.J.). In addition, 
histopathologic findings from resected 
specimens including histologic type and 
TNM classification for staging were an-
alyzed by one pathologist specializing in 
gallbladder pathology (S.Y.H.) accord-
ing to the American Joint Committee 
on Cancer staging system (19).

Statistical Analysis
A comparison of clinical and imaging 
characteristics was performed in both 
groups by using the Mann-Whitney test 
for continuous variables and the Fisher 

foci within tumefactive sludge (17). 
Adjacent gallbladder wall thickening 
was defined as a transverse wall mea-
surement greater than 3 mm adjacent 
to the lesion and perpendicular to the 
sonographic beam (15). If the patient 
had multiple lesions, we analyzed the 
imaging findings of the largest lesion.

Review of Clinical Information
The presence of symptoms, location at 
diagnosis, predisposing factors such as 
pregnancy, total parenteral nutrition, 
or admission to an intensive care unit 
as part of hospitalization (18), the time 
interval between initial US and fol-
low-up imaging or surgery, and the type 

US Image Analysis
Two radiologists (Y.K.K. and M.K., 
with 18 and 6 years of experience in 
abdominal imaging, respectively) ana-
lyzed the US images retrospectively in 
consensus by using the picture archiv-
ing and communications system. Both 
reviewers were blinded to the radio-
logic reports and histopathologic diag-
noses at the time of image evaluation. 
The following imaging variables for tu-
mefactive sludge were evaluated on the 
basis of previous US studies for the gall-
bladder (15–17): (a) multiplicity (single 
or multiple), (b) location, (c) maximal 
diameter of tumefactive sludge, (d) 
height-to-width ratio on the transverse 
plane, (e) shape (pedunculated or ses-
sile), (f) internal echo level of tumefac-
tive sludge (grades 1, 2, and 3), (g) 
internal echo pattern (homogeneous or 
heterogeneous), (h) margin (well de-
fined or ill defined), (i) surface pattern 
(smooth, granular or lobular, irregu-
lar), (j) presence or absence of hyper-
echoic spots, (k) presence or absence 
of adjacent gallbladder wall thickening, 
and (l) presence or absence of coexis-
tent gallstones. Height was defined as 
the maximum vertical distance from the 
base of the inner layer of the gallblad-
der wall to the top of the lesion. Width 
was defined as the length parallel to the 
gallbladder wall to the base of the le-
sion. A pedunculated shape was defined 
as the maximum diameter of a lesion 
that was larger than the base of the le-
sion (16). The internal echo level of tu-
mefactive sludge was classified as grade 
1, 2, or 3 according to the following 
criteria: grade 1, lower echogenicity 
than that of the adjacent liver paren-
chyma; grade 2, higher echogenicity 
than that in the adjacent liver paren-
chyma but lower echogenicity than that 
of the outer wall of the gallbladder; and 
grade 3, higher echogenicity than the 
outer wall of the gallbladder. Smooth 
surface was defined as a surface with-
out lumps or holes; whereas a granular 
or lobular surface had a scalloped ap-
pearance, and an irregular surface was 
defined as any other surface pattern not 
included in the preceding two criteria. 
Hyperechoic spots indicated partial 
aggregates of multiple tiny echogenic 

Table 1

Baseline Clinical Characteristics of Study Patients

Parameter
Benign Tumefactive  
Sludge (n = 92)

Malignant Tumefactive  
Sludge (n = 15) P Value

Age at index study (y)* 57.6 6 13.0 (19–86) 62.8 6 11.2 (45–80) .749
No. of women 37 (40) 11 (73) .017
All symptoms 26 (28) 6 (40) .373
  Abdominal pain 18 (69) 3 (50)
  Abdominal discomfort 5 (19) 1 (17)
  Others 3 (12) 2 (33)
Location of sludge in gallbladder .416
  Neck 20 (22) 5 (33)
  Body 46 (50) 5 (33)
  Fundus 26 (28) 5 (33)
Location of patient at diagnosis .145
  Outpatient 67 (73) 8 (53)
  Inpatient 21 (23) 5 (33)
  Emergency department 4 (4) 2 (13)
Method of further workup .333
  Follow-up with US 12 (13) 0 (0)
  Contrast-enhanced US 0 (0) 0 (0)
  CT 37 (40) 5 (33)
  MR imaging 5 (5) 1 (7)
  Surgical resection 38 (41) 9 (60)
TNM staging for gallbladder cancer† . . . . . .
  Tumor staging
    T1 3 (33)
    T2 4 (44)
    T3 2 (22)
  Nodal staging
    N0 6 (67)
    N1 3 (33)
    N2 0 (0)

Note.—Unless otherwise indicated, data are number of patients, with percentage in parentheses.

* Data are means 6 standard deviations, with the range in parentheses.
† In the malignant tumefactive sludge group, six patients had unresectable gallbladder cancers.
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115 178 [95% CI: 0.08%, 0.12%]), 
respectively. Among the gallbladder 
sludge, the frequency of the tumefac-
tive sludge was 2.0% (135 of 6898). Of 
the 107 patients (59 men, 48 women; 
mean age, 58.3 years; range, 19–86 
years) who underwent follow-up, 15 
(14%) were confirmed to have malig-
nant tumefactive sludge. With regard 
to the clinical characteristics, patients 
with malignant tumefactive sludge were 
significantly more likely to be women 
(P = .017). However, the two groups 
showed no significant differences in 
other baseline characteristics (Table 1).  
None of the patients with tumefac-
tive sludge had known predisposing 
factors for gallbladder sludge such as 

for malignant to benign tumefactive 
sludge was provided, with a 95% con-
fidence interval (CI). Results were con-
sidered statistically significant when a 
P value was less than .05. All statistical 
analyses were performed with commer-
cially available statistical software (SAS 
version 9.3; SAS Institute, Cary, NC).

Results

Prevalence and Baseline Characteristics
The prevalence of gallbladder sludge 
and tumefactive sludge at abdomi-
nal US during the observation pe-
riod was 6.0% (6898 of 115 178 [95% 
CI: 5.9%, 6.1%]) and 0.1% (135 of 

exact test for categorical variables. The 
prevalence of gallbladder sludge and 
tumefactive sludge was calculated. The 
clinical and imaging parameters were 
analyzed for possible risk factors for 
malignant tumefactive sludge by using 
univariate and multivariate logistic re-
gression analyses. The variables with 
P values of .2 or less at univariate 
analyses were entered into the final 
multivariate model to examine the sig-
nificance of the differences in risk fac-
tors for malignant tumefactive sludge 
after adjustment for other risk factors. 
We checked the multicollinearity prob-
lem by computing the variance inflation 
factor, and the values were less than 5. 
For each parameter, an odds ratio (OR) 

Figure 2

Figure 2:  Images in a 58-year-old-man with benign tumefactive sludge. (a) On B-mode US image, 2.3-cm echogenic mass without movability is located in body of 
gallbladder (∗). Arrow indicates hyperechoic spot in tumefactive sludge. (b) On color Doppler US image, lesion (∗) does not have internal vascularity. (c) Unenhanced 
axial CT image shows hyperintense lesion in gallbladder (∗) compared with adjacent liver. (d) After administration of contrast material, axial CT image shows absence 
of enhancement of corresponding lesion (∗). It was confirmed as sludge with chronic cholecystitis at laparoscopic cholecystectomy.
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with interval regression in size or dis-
appearance at follow-up US (n = 9), (d) 
no change in size at least 24 months 
after US (n = 3). The median interval 
between index US and the next imaging 
study was 17 days (range, 0–241 days). 
For the group with malignant tume-
factive sludge (n = 15), nine patients 
underwent radical cholecystectomy. 
The median interval between index US 
and surgery was 20 days (range, 6–60 
days). In terms of the American Joint 
Committee on Cancer TNM staging of 
the malignant tumefactive sludge (gall-
bladder cancer), three (33%) patients 
had T1 tumors, four (44%) had T2 

difference (P = .175). According to the 
size criteria of 1 cm, most benign tu-
mefactive sludge (92.3%, 85 of 92) and 
all malignant tumefactive sludge were 
larger than 1 cm. The other investi-
gated variables were not significantly 
different between the groups (Table 2).

Clinical Follow-up
The diagnosis of benign tumefactive 
sludge (n = 92) was established by using 
the following clinical-pathologic results: 
(a) absence of malignancy in surgical 
specimen (n = 38), (b) further workup 
with contrast-enhanced CT (n = 37) or 
MR imaging studies (n = 5), (c) a lesion 

pregnancy, total parenteral nutrition, 
or admission to an intensive care unit.

US Analysis
Among US imaging features of tume-
factive sludge, those with benign tume-
factive sludge had higher rates of hy-
perechoic spots within the gallbladder 
lesion than did those in the malignant 
tumefactive sludge group (59.8% vs 
20.0%; P = .004) (Figs 2, 3). The mean 
size of the lesions was 2.93 cm (range, 
0.8–9 cm) in the group with benign tu-
mefactive sludge and 3.20 cm (range, 
1.5–6 cm) in the group with malignant 
tumefactive sludge, without a significant 

Figure 3

Figure 3:  Images in a 63-year-old-woman with operable malignant tumefactive sludge. (a) On B-mode US image, a 2.8-cm echogenic mass without movability 
is located in body to fundus of gallbladder (∗). (b) On color Doppler US image, lesion (∗) does not have internal vascularity. (c) Axial unenhanced CT image shows 
iso- to hypointense lesion in gallbladder (∗) compared with adjacent liver. (d) On arterial phase axial CT image, lesion is highly enhancing (∗) and is confirmed to be 
gallbladder cancer at radical cholecystectomy.
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our cohort did not show internal vascu-
larity at color Doppler US according to 
the definition of the inclusion criteria, 
14% of these patients had gallbladder 
cancer. Thus, color Doppler US has its 
limitations for differential diagnosis be-
tween benign and malignant tumefac-
tive sludge.

With regard to other criteria at US, 
according to the treatment algorithm 
for polypoid lesion in the gallbladder 
(2), the risk of gallbladder cancer pri-
marily depends on the size of the le-
sion. Incidentally detected gallbladder 
polyps measuring less than 5 mm do 

monohydrate crystals or calcium bili-
rubinate granules embedded in mucus 
(13,18). These properties are impor-
tant imaging clues to differentiate tu-
mefactive sludge from mass-forming or 
polypoid gallbladder cancer, since gall-
bladder cancer usually demonstrates 
blood flow with low resistance arterial 
waveforms at power and color Doppler 
US (14). Similarly, a previous study 
(20) reported that the specificity of 
color Doppler signal patterns for the di-
agnosis of gallbladder cancer, at 62.5%, 
was sufficiently high. However, although 
all patients with tumefactive sludge in 

tumors, and two (22%) had T3 tumors. 
The histopathologic analysis revealed 
adenocarcinoma in eight (89%) pa-
tients and adenosquamous carcinoma 
in one (11%) patient. The remaining six 
patients had unresectable gallbladder 
cancers with or without lymph node 
involvement and hepatic metastasis at 
further workup with CT or MR imaging 
studies (Fig 4).

Risk Factor Analysis for Malignant 
Tumefactive Sludge
Univariate analysis showed that female 
sex (OR, 4.09 [95% CI: 1.21, 13.82]; 
P = .024) and absence of hyperechoic 
spots at US (OR, 5.95 [95% CI: 1.57, 
22.53]; P = .009) were associated with 
increased risk of malignancy (Table 3).  
At multivariate analysis, the risk of 
malignant tumefactive sludge was sig-
nificantly higher in older patients (OR, 
1.06 [95% CI: 1.00, 1.12]; P = .035), 
women (OR, 5.48 [95% CI: 1.42, 
21.16]; P = .014), and those with an ab-
sence of hyperechoic spots at US (OR, 
6.78 [95% CI: 1.64, 28.15]; P = .008).

Discussion

We found that the prevalence of gall-
bladder sludge and tumefective sludge 
differed markedly. In addition, patients 
with tumefactive sludge did not have 
any specific well-known predisposing 
factors for gallbladder sludge, such as 
pregnancy, total parenteral nutrition, 
and intensive care unit setting (6–9). A 
previous study (18) reported that gall-
bladder sludge was causally associated 
with biliary colic in less than 10% of 
patients. In comparison, we found the 
incidence of symptomatic abdominal 
pain at the time of US examination 
was as high as 20% among our pa-
tients with tumefactive sludge. On the 
basis of these results, although gall-
bladder sludge and tumefactive sludge 
could be considered part of the wide 
spectrum of cholelithiasis, they may be 
somewhat different in terms of clinical 
characteristics.

Tumefactive sludge appears as the 
absence of blood flow in the mass on 
color Doppler US, because it is com-
posed of a suspension of cholesterol 

Table 2

US Imaging Findings of Patients in Both Groups

Parameter
Benign Tumefactive  
Sludge (n = 92)

Malignant Tumefactive  
Sludge (n = 15) P Value

Multiplicity .675
  Single 82 (89) 13 (87)
  Multiple 10 (11) 2 (13)
Maximal diameter (cm)* 2.93 6 1.64 (0.7–9.0) 3.20 6 1.17 (1.5–6.2) .175
Height-to-width ratio* 0.60 6 0.38 (0.20–2.64) 0.65 6 0.33 (0.26–1.59) .282
Shape .545
  Pedunculated 29 (31) 3 (20)
  Sessile 63 (68) 12 (80)
Level of internal echogenicity .644
  Grade 1 30 (33) 6 (40)
  Grade 2 47 (51) 8 (53)
  Grade 3 15 (16) 1 (7)
Internal echo pattern .346
  Homogeneous 27 (29) 2 (13)
  Heterogeneous 65 (71) 13 (87)
Margin .512
  Well defined 69 (75) 13 (87)
  Ill defined 23 (25) 2 (13)
Surface pattern .264
  Smooth 28 (30) 3 (20)
  Granular or lobular 33 (36) 9 (60)
  Irregular 31 (34) 3 (20)
Presence of hyperechoic spots .004
  Yes 55 (60) 3 (20)
  No 37 (40) 12 (80)
Presence of adjacent gall bladder  

  wall thickening
.611

  Yes 7 (8) 2 (13)
  No 85 (92) 13 (87)
Presence of coexistent gallstone .133
  Yes 37 (40.2) 3 (20.0)
  No 55 (59.8) 12 (80.0)

Note.—Unless otherwise indicated, data are number of patients, with percentage in parentheses.

* Data are means 6 standard deviation, with the range in parentheses.
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Figure 4

Figure 4:  Images in a 45-year-old-woman with inoperable malignant tumefactive sludge. (a) On B-mode US image, multiple heterogeneous echogenic masses 
without movability are located in body to fundus of gallbladder (∗). (b) On color Doppler US image, these lesions do not have internal vascularity. Follow-up (c) axial 
and (d) coronal CT images show irregular thickening gallbladder inner wall with prominent enhancement (arrow). There are multiple metastatic lymph nodes in the 
retroperitoneum (∗, c) and hepatic metastasis in left lobe (∗, d). The patient underwent palliative chemotherapy for advanced gallbladder cancer.

not require additional follow-up, while 
a diameter of larger than 10 mm indi-
cates a need for surgery due to risk of 
malignancy (21,22). A previous study 
(23) reported that approximately 30% 
of polyps measuring 11–20 mm in di-
ameter were cholesterol polyps af-
ter cholecystectomy and 92% (85 of 
92) of patients with benign tumefac-
tive sludge in our study had a polyp-
oid mass larger than 10 mm. There-
fore, additional predictive factors are 
needed to differentiate malignant from 
benign tumefactive sludge beyond the 
size criteria because of the difference 
in clinical treatment. In our study, old 

age and female sex were significant 
risk factors for malignant tumefactive 
sludge at multivariate analysis. These 
risks are similar to that of gallbladder 
cancer. In general, the risk of gallblad-
der cancer can increase with age. In 
addition, sex differences exist with 
geographic variances, generally be-
ing unfavorable for women (24). In a 
prior study (25), 29% of patients with 
polypoid lesions of the gallbladder did  
not show focal lesions at histopatho-
logic analysis after cholecystectomy. 
Some of them may be cases of tu-
mefactive sludge that mimic polypoid 
masses at US.

On the basis of our multivariate 
analysis, lack of hyperechoic spots 
within the tumefactive sludge was a sig-
nificant risk factor for malignancy, along 
with old age and female sex. Gallblad-
der sludge is typically associated with 
cholelithiasis, and evolution to calcium 
bilirubinate stones has been described 
(18). Therefore, hyperechoic spots at 
US may represent microlithiasis (26) 
and could be helpful for differentiation 
of benign from malignant tumefactive 
sludge. However, in our study, some 
patients with malignant tumefactive 
sludge (20%) had hyperechoic spots 
at US, and authors of previous studies 
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logistic regression analysis was sub-
ject to the problems associated with 
multicollinearity.

In conclusion, although tumefac-
tive sludge at abdominal US is rare in 
clinical practice, a considerable propor-
tion of patients may have a malignancy. 
Thus, careful follow-up and further im-
aging evaluation should be performed 
in patients with tumefactive sludge 
at US, especially in older patients, 
women, and those with an absence of 
hyperechoic spots at US.

Disclosures of Conflicts of Interest: M.K. 
disclosed no relevant relationships. T.W.K. 
disclosed no relevant relationships. K.M.J. 
disclosed no relevant relationships. Y.K.K. dis-
closed no relevant relationships. S.H.K disclosed 
no relevant relationships. S.Y.H. disclosed  
no relevant relationships. D.H.S. disclosed no 
relevant relationships. S.G. disclosed no relevant 
relationships.

References
	 1.	 Sparchez Z, Radu P. Role of CEUS in the di-

agnosis of gallbladder disease. Med Ultrason 
2012;14(4):326–330.

	 2.	 Mellnick VM, Menias CO, Sandrasegaran 
K, et al. Polypoid lesions of the gallbladder: 
disease spectrum with pathologic correla-
tion. RadioGraphics 2015;35(2):387–399.

	 3.	 Catalano OA, Sahani DV, Kalva SP, et al. MR 
imaging of the gallbladder: a pictorial essay. 
RadioGraphics 2008;28(1):135–155; quiz 
324.

	 4.	 The epidemiology of gallstone disease in 
Rome, Italy. Part I. Prevalence data in men. 
The Rome Group for Epidemiology and Pre-
vention of Cholelithiasis (GREPCO). Hepa-
tology 1988;8(4):904–906.

	 5.	 Prevalence of gallstone disease in an Ital-
ian adult female population. Rome Group 
for the Epidemiology and Prevention of 
Cholelithiasis (GREPCO). Am J Epidemiol 
1984;119(5):796–805.

	 6.	 Maringhini A, Ciambra M, Baccelliere P, et 
al. Biliary sludge and gallstones in pregnancy: 
incidence, risk factors, and natural history. 
Ann Intern Med 1993;119(2):116–120.

	 7.	 Messing B, Bories C, Kunstlinger F, Bernier 
JJ. Does total parenteral nutrition induce 
gallbladder sludge formation and lithiasis? 
Gastroenterology 1983;84(5 Pt 1):1012–
1019.

	 8.	 Shiffman ML, Sugerman HJ, Kellum JM, 
Brewer WH, Moore EW. Gallstone forma-
tion after rapid weight loss: a prospective 

There were several limitations in 
our study. First, there was the possi-
bility of selection bias related to the 
retrospective design. Second, the US 
equipment and radiologists involved 
were variable and not standardized be-
cause our study cases spanned a period 
of 14 years. This may have had an in-
fluence on the degree of heterogeneity 
in our cohort of patients with tumefac-
tive sludge. Third, although most of 
the lesions in the group with benign 
tumefactive sludge were larger than 1 
cm and were confirmed as the absence 
of polyps at follow-up CT and MR im-
aging or surgical specimen results, gall-
bladder polyps could mimic tumefactive 
sludge in some of patients with benign 
small tumefactive sludge. Fourth, due to 
the small number of patients with ma-
lignant tumefactive sludge (n = 15) in 
the final study cohort, the multivariate 

reported that adenocarcinoma with the 
accumulation of foamy cells underneath 
cancerous epithelium may also man-
ifest similarly as hyperechoic spots at 
US (27). Thus, diagnosis for tumefac-
tive sludge should be based on a com-
bination of clinical results and those of 
other imaging modalities.

Because our study showed relatively 
high proportions of malignancy in pa-
tients (14%) with tumefactive sludge 
at US, follow-up imaging with contrast-
enhanced US, contrast-enhanced CT, 
or MR imaging should be performed. 
In our study, a large number of patients 
were lost to follow-up without confirma-
tion of tumefactive sludge. By applying 
the rate of malignancy in our patients 
known to have tumefactive sludge, we 
can assume that some of the patients 
lost to follow-up may have had undiag-
nosed gallbladder cancer.

Table 3

Risk Factor Analysis for Malignant Tumefactive Sludge in Gallbladder

Parameter

Univariate Analysis Multivariate Analysis

OR P Value OR P Value

Age 1.03 (0.99, 1.08) .146 1.06 (1.00,1.12) .035
Female vs male sex 4.09 (1.21, 13.82) .024 5.48 (1.42,21.16) .014
Symptomatic tumefactive sludge 1.69 (0.55, 5.23) .361 . . . . . .
Location of patient .235 . . . . . .
  Outpatient 1* …
  Inpatient 1.99 (0.59, 6.76) .970
  Emergency department 4.19 (0.66, 26.61) .238
Maximal diameter 1.11 (0.80, 1.53) .533 . . . . . .
Height to width radio 1.41 (0.38, 5.21) .606 . . . . . .
Sessile vs pedunculated shape 1.84 (0.48, 7.03) .372 . . . . . .
Internal echogenicity .621 . . . . . .
  Grade 1 1* …
  Grade 2 0.85 (0.27, 2.70) .569
  Grade 3 0.33 (0.04, 3.03) .343
Heterogeneous vs homogeneous  

  internal echo pattern
2.70 (0.57, 12.78) .211 . . . . . .

Ill-defined vs well-defined margin 0.46 (0.10, 2.20) .332 . . . . . .
Surface pattern .223 . . . . . .
  Smooth 1* …
  Granular or lobular 2.55 (0.63, 10.33) .084
  Irregular 0.90 (0.17, 4.85) .418
Absence of hyperechoic spots 5.95 (1.57, 22.53) .009 6.78 (1.64,28.15) .008
Adjacent gallbladder wall thickening 1.87 (0.35, 9.99) .465 . . . . . .
Coexistent gallstone 0.37 (0.10, 1.41) .145 0.33 (0.07,1.57) .163

Note.—Data in parentheses are 95% CIs.

* Reference category.



Radiology: Volume 283: Number 2—May 2017  n  radiology.rsna.org	 579

ULTRASONOGRAPHY: Tumefactive Gallbladder Sludge at Ultrasonography	 Kim et al

study in patients undergoing gastric bypass 
surgery for treatment of morbid obesity. 
Am J Gastroenterol 1991;86(8):1000–1005.

	 9.	 Murray FE, Stinchcombe SJ, Hawkey CJ. 
Development of biliary sludge in patients on 
intensive care unit: results of a prospective 
ultrasonographic study. Gut 1992;33(8): 
1123–1125.

	10.	 Rosenthal SJ, Cox GG, Wetzel LH, Bat-
nitzky S. Pitfalls and differential diagnosis 
in biliary sonography. RadioGraphics 1990; 
10(2):285–311.

	11.	 Fakhry J. Sonography of tumefactive biliary 
sludge. AJR Am J Roentgenol 1982;139(4): 
717–719.

	12.	Kelly IM, Lees WR, Russell RC. Tumefactive 
biliary sludge: a sonographic pseudotumour 
appearance in the common bile duct. Clin 
Radiol 1993;47(4):251–254.

	13.	 Seong M, Kang TW, Kim M, et al. Tume-
factive gallbladder sludge: the MRI findings. 
Clin Radiol 2016;71(4):402.e9–402.e15 .

	14.	Komatsuda T, Ishida H, Konno K, et al. Gall-
bladder carcinoma: color Doppler sonogra-
phy. Abdom Imaging 2000;25(2):194–197.

	15.	 Boland GW, Slater G, Lu DS, Eisenberg P, 
Lee MJ, Mueller PR. Prevalence and signif-
icance of gallbladder abnormalities seen on 

sonography in intensive care unit patients. 
AJR Am J Roentgenol 2000;174(4):973–
977.

	16.	Kim JH, Lee JY, Baek JH, et al. High-resolu-
tion sonography for distinguishing neoplastic 
gallbladder polyps and staging gallbladder 
cancer. AJR Am J Roentgenol 2015;204(2): 
W150–W159.

	17.	Kim JS, Lee JK, Kim Y, Lee SM. US char-
acteristics for the prediction of neoplasm in 
gallbladder polyps 10 mm or larger. Eur Ra-
diol 2016;26(4):1134–1140.

	18.	 Pazzi P, Gamberini S, Buldrini P, Gullini S. 
Biliary sludge: the sluggish gallbladder. Dig 
Liver Dis 2003;35(Suppl 3):S39–S45.

	19.	 S E. American Joint Committee on Cancer. 
AJCC cancer staging manual. New York, 
NY: Springer, 2010.

	20.	Hirooka Y, Naitoh Y, Goto H, Furukawa T, 
Ito A, Hayakawa T. Differential diagnosis of 
gall-bladder masses using colour Doppler 
ultrasonography. J Gastroenterol Hepatol 
1996;11(9):840–846.

	21.	 Park JY, Hong SP, Kim YJ, et al. Long-term 
follow up of gallbladder polyps. J Gastroen-
terol Hepatol 2009;24(2):219–222.

	22.	Konstantinidis IT, Bajpai S, Kambadakone 
AR, et al. Gallbladder lesions identified on 

ultrasound. Lessons from the last 10 years. 
J Gastrointest Surg 2012;16(3):549–553.

	23.	 Sugiyama M, Xie XY, Atomi Y, Saito M. 
Differential diagnosis of small polypoid 
lesions of the gallbladder: the value of 
endoscopic ultrasonography. Ann Surg 
1999;229(4):498–504.

	24.	 Stinton LM, Shaffer EA. Epidemiology of 
gallbladder disease: cholelithiasis and can-
cer. Gut Liver 2012;6(2):172–187.

	25.	 Zielinski MD, Atwell TD, Davis PW, Kend-
rick ML, Que FG. Comparison of surgically 
resected polypoid lesions of the gallbladder 
to their pre-operative ultrasound character-
istics. J Gastrointest Surg 2009;13(1):19–
25.

	26.	 Choi CS, Ku YJ, Yoon DY, et al. Harmonic 
ultrasonography for the detection of micro-
lithiasis in the gallbladder. Ultrasonography 
2014;33(4):275–282.

	27.	 Akiyama T, Sahara H, Seto K, et al. Gall-
bladder cancer associated with cholestero-
sis. J Gastroenterol 1996;31(3):470–474.


