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BACKGROUND. Previous European multisociety guidelines recommend routine fol-
low-up imaging of gallbladder polyps (including polyps < 6 mm in patients without risk
factors) and cholecystectomy for polyp size changes of 2 mm or more.

OBJECTIVE. The purpose of this study was to assess longitudinal changes in the
number and size of gallbladder polyps on serial ultrasound examinations.

METHODS. This retrospective study included patients who underwent at least one
ultrasound examination between January 1, 2010, and December 31, 2020 (as part of a
hepatocellular carcinoma screening and surveillance program) that showed a gallblad-
der polyp. Number of polyps and size of largest polyp were recorded based primarily on
review of examination reports. Longitudinal changes on serial examinations were sum-
marized. Pathologic findings from cholecystectomy were reviewed.

RESULTS. Among 9683 patients, 759 (8%) had at least one ultrasound examination
showing a polyp. Of these, 434 patients (248 men, 186 women; mean age, 50.6 years)
had multiple examinations (range, 2-19 examinations; mean, 4.8 examinations per pa-
tient; mean interval between first and last examinations, 3.6 £ 3.1 [SD] years; maximum
interval, 11.0 years). Among these 434 patients, 257 had one polyp, 40 had two polyps,
and 137 had more than two polyps. Polyp size was 6 mm or less in 368 patients, 7-9 mm
in 52 patients, and 10 mm or more in 14 patients. Number of polyps increased in 9%
of patients, decreased in 14%, both increased and decreased on serial examinations in
22%, and showed no change in 55%. Polyp size increased in 10% of patients, decreased
in 16%, both increased and decreased on serial examinations in 18%, and showed no
changein 56%. In 9% of patients, gallbladder polyps were not detected on follow-up im-
aging; in 6% of patients, gallbladder polyps were not detected on a follow-up examina-
tion but were then detected on later studies. No gallbladder carcinoma was identified in
19 patients who underwent cholecystectomy.

CONCLUSION. Gallbladder polyps fluctuate in size, number, and visibility over serial
examinations. Using a 2-mm threshold for growth, 10% increased in size. No carcinoma
was identified.

CLINICAL IMPACT. European multisociety guidelines that propose surveillance of
essentially all polyps and a 2-mm size change as the basis for cholecystectomy are likely
too conservative for clinical application.

Gallbladder polyps are a common incidental finding that are estimated to occur in ap-
proximately 4-12% of the population [1-3]. Gallbladder polyps may be neoplastic or non-
neoplastic, though the vast majority are nonneoplastic cholesterol polyps. A small sub-
set of sonographically detected polyps are intracholecystic papillary-tubular neoplasms,
which include adenomatous polyps and are considered neoplastic despite typically not
harboring true malignancy [4]. The adenoma-carcinoma pathway of adenomatous gall-
bladder polyps is unclear compared with the colonic polyp pathway [5], yet all such pol-
yps are presumed to have a theoretic risk of malignancy. The exact risk is uncertain but
likely low, leading to controversy in the management of sonographically detected polyps.
Indeed, gallbladder polyps are relatively common, whereas gallbladder carcinoma is rel-
atively rare, with an incidence of only 1.5-12.8 per 100,000 [6]. Further, most gallbladder
carcinomas do not arise from adenomatous polyps, as only approximately 6% of gallblad-
der carcinomas are associated with neoplastic polyps [4]. Given the relative rarity and un-
clear nature of the development of gallbladder carcinoma, it is difficult to prospectively
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study gallbladder polyps and determine appropriate clinical fol-
low-up regimens.

Gallbladder polyps that measure 6 mm or less have historical-
ly been considered highly likely to be benign, and the American
College of Radiology (ACR) in 2013 [7] and the Canadian Associa-
tion of Radiologists (CAR) in 2020 [8] recommended no follow-up
for such polyps. Both the ACR and CAR recommend yearly fol-
low-up for polyps that measure 7-9 mm, though neither set of
recommendations define thresholds regarding growth. However,
ajoint statement by four major European societies in 2017 recom-
mended that polyps smaller than 6 mm in patients with no risk
factors undergo 5 years of follow-up with imaging at 1, 3, and 5
years, whereas polyps smaller than 6 mm in patients with risk fac-
tors (including age > 50 years, primary sclerosing cholangitis, In-
dian ethnicity, or sessile polyp configuration) undergo 5 years of
follow-up with imaging at 6 months and at 1, 2, 3, 4, and 5 years.
In this statement, growth of 2 mm or more and size of 10 mm or
greater are defined as thresholds for a surgical resection recom-
mendation [9]. The time period during which the 2 mm of growth
must occur is not defined in this statement. Management of inci-
dentally detected gallbladder polyps is thus uncertain given the
conflicting society management recommendations, particularly
forincidental polyps measuring 6 mm or less. Further, the benefit
of surveillance in the large population of patients with small gall-
bladder polyps has yet to be proven.

The purpose of this study was to assess longitudinal changes in
the number and size of gallbladder polyps in patients undergo-
ing serial ultrasound examinations for hepatocellular carcinoma
(HCC) screening and surveillance and to correlate such changes
with pathologic findings from cholecystectomy. The periodic re-
peat ultrasound examinations in these patients provides an op-
portunity to observe the natural history of gallbladder polyps, in-
cluding those measuring 6 mm or less.

Methods
Study Design

This HIPAA-compliant retrospective study was approved by
the institutional review board; informed consent was waived. Pa-
tients who underwent at least one ultrasound examination be-
tween January 1,2010, and December 31, 2020, as part of the HCC
screening and surveillance program at Stanford University Med-
ical Center were identified. Of these patients, a database search
was conducted for ultrasound reports containing the phrase
“gallbladder polyp” or “gallbladder polyps,” providing the initial
set of ultrasound reports for subsequent manual review.

Ultrasound Examinations

Examinations were performed using a GE Logiq E9 or E10 (GE
Healthcare), Acuson S2000 (Siemens Healthineers), or Aplio i900
(Canon Medical Systems) ultrasound machine. Each examination
was performed by a sonographer certified by the American Reg-
istry for Diagnostic Medical Sonography and checked at the time
of the examination by one of a group of 16 board-certified radiol-
ogists specializing in abdominal radiology (with experience rang-
ing 2-40 years). Patients were instructed to fast for 6 hours before
the examination to minimize bowel gas, which may negatively af-
fect visualization of intraabdominal contents.
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HIGHLIGHTS

Key Finding

B Among 434 patients with incidental gallbladder polyps
who underwent serial ultrasound examinations for HCC
surveillance (range, 2-19 examinations; mean interval
between first and last examinations, 3.6 + 3.1 years),
polyps fluctuated (i.e., increased and decreased on serial
examinations) in number and size in 22% and 18% of
patients, respectively.

Importance

B Previous European multisociety guidelines that propose
routine polyp surveillance with 2-mm size change as the
basis for cholecystectomy are likely too conservative for
clinical application.

Images of the gallbladder were obtained with gray scale in
transverse and longitudinal views using an intercostal or subcos-
tal approach and with curved-array, vector, or linear transducers
with frequency ranging between 3.5 and 11 MHz. Sonographers
and radiologists at our institution deem any protuberance from
the endoluminal surface of the gallbladder wall that is nonmobile
and nonshadowing to represent a gallbladder polyp. Further, col-
or Doppler evaluation of gallbladder findings is used at the dis-
cretion of the sonographer but is typically performed for any de-
tected abnormality, including gallbladder polyps. A description of
polyp vascularity in the report is at the discretion of the interpret-
ing radiologist but is typically included if present. Internal vascu-
larity is not required for the sonographic diagnosis of a gallbladder
polyp because many polyps lack detectable vascularity. Examina-
tions include assessment of abnormalities reported on prior stud-
ies, even if the current examination is obtained for another reason.
Standard institutional practice is to obtain cine images of any de-
tected abnormalities, including cine images documenting resolu-
tion of previously reported abnormalities (e.g., resolution of a pre-
viously reported gallbladder polyp in an ultrasound examination
being performed for HCC screening or surveillance).

Examination Analysis

An abdominal imaging fellow (A.J.W.) manually reviewed the
ultrasound reports from the previously described search to con-
firm that the reports described the presence of a gallbladder pol-
yp. For reports with a polyp, the investigator reviewed the report
to determine the number and size of gallbladder polyps. The
number of polyps was recorded as zero, one, two, or more than
two. If the report did not indicate the number of polyps but rath-
er described the polyps as multiple (or used a similar expression),
then the number of polyps was recorded as more than two. Pol-
yp size was defined as the largest single dimension of the polyp
in the report. If multiple polyps were identified, then the size of
the largest polyp was recorded. If the presence, number, or size
of polyps was ambiguous or if it was uncertain whether the seri-
al studies measured the same polyp, then the images were retro-
spectively reviewed by the investigator, and polyp size was mea-
sured manually on an independent PACS workstation (Sectra AB).
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Patients were excluded if no gallbladder polyps were shown in at
least one ultrasound examination after a review of reports and
retrospective review of images for ambiguous reports.

Reports for patients with more than one ultrasound examina-
tion were assessed to determine whether the number of reported
polyps changed on serial examinations and to categorize the larg-
est reported polyp as showing one of the following four courses:
an increase in size on at least one examination (without a size de-
crease), a decrease in size on at least one examination (without a
size increase), both an increase in size on at least one examination
and a decrease in size on at least one examination, or no change
in size. An increase or decrease in size was defined as a change in
the measured maximum polyp size of 2 mm or more. Additional-
ly, reports were reviewed to determine whether the previously re-
ported polyp was reported on a subsequent examination and, if it
was not reported, whether the polyp remained unreported or was
again reported on a later examination.

Pathologic and Clinical Follow-Up

Patients who underwent cholecystectomy were identified
through review of the electronic medical record system. Indica-
tions for cholecystectomy were recorded. The pathology reports
were reviewed to determine whether a polyp (either cholester-
ol polyp or intracholecystic papillary-tubular neoplasm) corre-
sponding to the sonographically detected polyp was described
pathologically and, if so, whether the polyp was malignant based
on the pathology report. Pathology slides were not rereviewed
for this assessment. In addition, electronic medical records were
reviewed to identify clinical outcomes in patients with a polyp
size of 10 mm or more.

Statistical Analysis

Data were presented using summary statistics, including the
mean + SD for continuous variables and counts and percentag-
es for categoric variables. Polyp size and number were summa-
rized at the patient level; in patients with multiple examinations,
the ultrasound examination that showed the largest polyp was
used for polyp size and the first ultrasound examination was used
for polyp number. Change in number, change in size (among the
four previously noted courses), additional events regarding non-
visualization, and mean change in size (computed for polyps
showing an increase, decrease, or both increase and decrease in
size on serial studies) were calculated for all polyps and for pol-
yps measuring 6 mm or less, 7-9 mm, and 10 mm or more using
the ultrasound examination that showed the largest polyp size.
These outcomes were compared among the three polyp size
groups using the chi-square test for categoric variables and one-
way ANOVA for continuous variables. The polyp size thresholds
were based on the 2013 ACR white paper on managing inciden-
tal gallbladder and biliary findings [7]. Values of p < .05 were con-
sidered statistically significant. Statistical analysis was performed
using Excel for Mac (version 16.6.7, Microsoft).

Results
Patient and Polyp Characteristics

During the study period, 9683 patients in the HCC screening
and surveillance program underwent at least one ultrasound
examination. The database search identified 783 patients with
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at least one report that commented on a gallbladder polyp. Of
these patients, 24 were excluded because the report was ambig-
uous, and subsequent manual review of the images identified
no polyp. This exclusion resulted in a final study cohort of 759
patients who had at least one gallbladder polyp identified on at
least one ultrasound examination (8% of the patients in the HCC
screening and surveillance program who underwent at least one
ultrasound examination). HCC risk factors for inclusion in the ul-
trasound screening and surveillance program among these 759
patients with at least one polyp included chronic hepatitis B (506
patients), chronic hepatitis C with stage lll fibrosis or cirrhosis (170
patients), nonalcoholic steatohepatitis and/or nonalcoholic ste-
atohepatitis-induced cirrhosis (21 patients), alcoholic cirrhosis
(16 patients), and other causes of cirrhosis (46 patients).

A total of 325 patients had only one ultrasound examination,
and 434 patients had multiple examinations (Fig. 1). The mean
number of examinations among the 434 patients with more than
one examination was 4.8 (range, 2-19; two examinations in 156
patients, three or more examinations in 278 patients; total of 2069
examinations in these 434 patients). The mean time between the
first and last examinations in patients with multiple examinations
was 3.6 * 3.1 years, and the maximum time was 11.0 years.

Among the 759 patients with at least one ultrasound examina-
tion, 434 were men, and 325 were women; the mean age was 51.5
+ 13.2 years. Among the 434 patients with multiple ultrasound
examinations, 248 were men, and 186 were women; the mean
age was 50.6 + 13.0 years.

Of the 759 patients, 466 (61%) had one polyp, 83 (11%) had two
polyps, and 210 (28%) had more than two polyps (based on the
first ultrasound in those with multiple examinations). In these 759
patients, the mean size of the largest polyp was 5 + 2 mm, with a
maximum size of 19 mm; 670 (88%) patients had a largest polyp
size of 6 mm or less, 70 (9%) patients had a largest polyp size of
7-9 mm, and 19 (3%) patients had a largest polyp size of 10 mm or
more (based on the ultrasound with the largest polyp size in those

9683 Adults with at least one HCC
ultrasound from January 1, 2010,
to December 31, 2020

8900 Patients with reports that
did not mention a polyp

A

v
783 Patients reviewed

24 Patients with reports that were

»| ambiguous, and subsequent manual

review of the images identified
no polyp

4

759 Patients with at least one
gallbladder polyp included in study

325 Patients with only one
ultrasound study

A

434 Patients with more than one
ultrasound follow-up

Fig. 1—Flowchart shows selection of patients included in study. HCC =
hepatocellular carcinoma.
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TABLE 1: Longitudinal Polyp Changes in 434 Patients With Gallbladder Polyps and Multiple Ultrasound

Examinations Among All Patients and Stratified by Size of Largest Polyp

All Size <6 mm Size 7-9 mm Size = 10 mm
Event (n=434) (n=368) (n=52) (n=14) p?
Change in number of polyps®
Increase only 41 (9) 34(9) 5(10) 2(14) .83
Decrease only 59 (14) 52(14) 6(12) 1(7) 72
Increase and decrease 97 (22) 89 (24) 6(12) 2(14) 16
No change 237 (55) 193 (52) 35 (67) 9 (64) 35
Change in size of polyps¢
Increase only 42 (10) 25(7) 15 (29) 2(14) <.001
Decrease only 71(16) 54 (15) 14 (27) 3(21) Ri|
Increase and decrease 80(18) 65 (18) 11 (21) 4(29) .57
No change 241 (56) 224 (61) 12(23) 5(36) .002
Additional events
Polyps not detected at follow-up
No subsequent visualization 40 (9) 37(10) 3(6) 0(0) 33
Detected at subsequent visualization 27 (6) 24 (7) 3(6) 0(0) 62
Mean change in polyp size (mm)
Increase 26+1.2 23+0.5 29+17 30+1.0 .26
Decrease -3.0%15 -28=11 -34+25 -3.0+0.8 10
Increase and decrease -03+18 -03+1.6 03+15 —2.0+37 10

Note—Values are the number of patients with percentage in parentheses or mean + SD.

2Chi-square test for categoric variables, one-way ANOVA for continuous variables.
"Number of polyps was categorized as zero, one, two, or more than two.
Defined as difference of 2 mm or more between examinations.

with multiple examinations). Of the 434 patients with multiple ul-
trasound examinations, 257 (59%) had one polyp, 40 (9%) had two
polyps, and 137 (32%) had more than two polyps on the first ex-
amination. Among these 434 patients, the mean size of the larg-
est polyp on the examination showing the largest polyp was 5 + 2
mm, with a maximum size of 12 mm. On the examination with the
largest polyp, 368 (85%) patients had a largest polyp size of 6 mm
or less, 52 (12%) patients had a largest polyp size of 7-9 mm, and
14 (3%) patients had a largest polyp size of 10 mm or less.

Longitudinal Changes in Polyps

In the 434 patients with multiple examinations, the polyps in-
creased in number in 41 (9%) patients, decreased in number in 59
(14%), both increased and decreased in number in 97 (22%), and
showed no change in number in 237 (55%). The largest polyp in-
creased in size in 42 (10%) patients, decreased in size in 71 (16%),
showed both an increase and a decrease in size in 80 (18%), and
showed no change in size in 241 (56%). A total of 40 (9%) polyps
were not detected on follow-up examinations, and 27 (6%) were
not detected on an initial follow-up examination but were then
detected on later studies. The mean change in size was 2.6 + 1.2
mm in polyps that increased in size, —=3.0 = 1.5 mm in those that
decreased in size, and —0.3 £ 1.8 mm in those showing both an
increase and decrease in size. Table 1 shows the distribution of all
of these events among polyps 6 mm or less, 7-9 mm, and 10 mm
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or more, and Figures 2-6 show examples of these polyp chang-
es. An increase in size was significantly most common (p < .007)
in polyps measuring 7-9 mm (29%); no change in size was signifi-
cantly most common (p =.002) in polyps measuring 6 mm or less
(61%). The remaining comparisons were not significantly differ-
ent among the three groups (p > .05).

Pathologic and Clinical Follow-Up

Nineteen of the 759 patients underwent cholecystectomy.
The cholecystectomy pathology report in 11 (58%) of these cas-
es described a polyp corresponding with the sonographically de-
tected polyp (cholesterol polyp in 10 and intracholecystic papil-
lary-tubular neoplasm in 1). The mean size of the largest polyp
reported on the most recent ultrasound examination before cho-
lecystectomy was 6 mm (range, 2-11 mm). In all eight (42%) pa-
tients with no polyp described in the pathology report, the sono-
graphically detected polyp measured 6 mm or less. No pathology
report described the presence of gallbladder carcinoma (Table 2
and Fig. 7).

Of the 19 patients (from the 759 included in the study) with
a largest polyp size of 10 mm or more, five underwent chole-
cystectomy; nine underwent follow-up ultrasound examinations
through the end of the study period that showed a decrease in
polyp size (maximum follow-up polyp size in these nine patients,
12 mm) and did not undergo cholecystectomy; two had inten-

475



Downloaded from www.gjronline.org by 178.60.200.148 on 03/04/22 from | P address 178.60.200.148. Copyright ARRS. For personal use only; all rights reserved

Fig. 2—38-year-old woman with chronic hepatitis B.

A, Longitudinal gray-scale ultrasound images show hyperechoic nonshadowing polyp (no measurement, left: measurement with calipers, right) measuring 8 mm.
B, Ultrasound images obtained 24 months later show decrease in size of polyp (arrow, no measurement, left; measurement with calipers, right), now measuring 5 mm.D =

distance.

Fig. 3—60-year-old woman with chronic hepatitis B.

A, Transverse gray-scale ultrasound images show lobulated nondependent 9-mm polyp (measurement with calipers, left; no measurement, right).
B, Ultrasound images obtained 12 months later show polyp (measurement with calipers, left; no measurement, right) has increased in size to 11 mm.

A

Fig. 4—76-year-old woman with chronic hepatitis B.

A, Initial gray-scale ultrasound images show 2-mm polyp (no measurement, left; measurement with calipers, right).
B, On ultrasound images obtained 5 months later, polyp is not visualized (cranial, left; caudal, right).

tional discontinuation of ultrasound follow-up; and three were
lost to follow-up, with no subsequent ultrasound or clinical fol-
low-up performed at our institution. In one patient with inten-
tional discontinuation of ultrasound follow-up, the ultrasound
examination showed a 19-mm polyp that was nonenhancing
on follow-up contrast-enhanced MRI and appeared to represent
sludge or stone; in the other patient, the ultrasound examination
showed a 10-mm polyp that decreased to 8 mm on a follow-up
ultrasound examination, though no further examinations were
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performed because the patient was treated for hepatitis C and
did not require further HCC screening and surveillance.

Discussion

In our study, gallbladder polyps were incidentally identified on
sonography in 8% of patients undergoing HCC screening and sur-
veillance. Only 55% of polyps were unchanged in number on fol-
low-up examinations, and only 56% were unchanged in size. The
gallbladder polyps commonly varied (potentially both increasing

AJR:218, March 2022
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Fig. 5—45-year-old man with chronic hepatitis B.

A, Initial ultrasound images show 3-mm polyp (no measurement, top; measurement with solid line, bottom).
B, Ultrasound images obtained 6 months later show polyp (no measurement, top; measurement with solid line, bottom) increased in size to 5 mm.
C, Subsequent ultrasound images obtained 12 months after initial ultrasound show polyp (no measurement, top; measurement with solid line, bottom) decreased in size

to3 mm.

and decreasing) in size and number over multiple examinations.
When using a 2-mm threshold for defining growth, 10% of polyps
increased in size. No gallbladder carcinoma was found in the 19 of
759 patients who underwent cholecystectomy. European multiso-
ciety guidelines recommend that essentially all gallbladder pol-
yps undergo surveillance imaging and that an increase in size of
atleast 2 mm should prompt cholecystectomy; however, such rec-
ommendations are too conservative according to our findings.

Earlier studies have also reported that benign gallbladder pol-
yps often change in size and number over time [10, 11]. However,
the proportion of patients with polyps that decreased in size over
time in our study (16%) is greater than that reported in prior studies.
Pedersen et al. [12] and Kratzer et al. [13] found that 3.9% and 4.5%
of polyps, respectively, decreased in size. On the other hand, the
proportion of patients with polyps that increased in size over time
(10%) in our study is within a wide range reported in prior studies.
Pederson et al., Kratzer et al., and Chou et al. [14] found that 6.2%,
0%, and 28% of polyps, respectively, increased in size.

We found that polyps are occasionally not visualized on fol-
low-up studies, as previously described [11-13], but they may be
subsequently visualized again on later studies. To our knowledge,
this intermittent visualization and the size increase and decrease
over serial examinations have not been previously described,

AJR:218, March 2022

perhaps because other studies compared only first and last ultra-
sound examinations whereas we assessed multiple longitudinal
follow-up examinations performed as serial surveillance exam-
inations in patients at risk for HCC.

Of the patients who underwent cholecystectomy, sonographi-
cally detected polyps were not present in 42% of pathology spec-
imens. Although this number may seem high, it is less than other
studies that found 69% [11] and 68% [15] of ultrasound-detected
polyps were not present at pathology. Polyps not reported at pa-
thology in our study all measured 6 mm or less.

Though the reason for the fluctuation in size and number of
polyps is unclear, we hypothesize that these changes could be
due to a number of reasons. First, cholesterol polyps are com-
posed of cholesterol and macrophages. If the epithelial lining is
disrupted, then the cholesterol in the polyps may dissolve into
and precipitate out of solution in bile, which is a detergent salt,
leading to fluctuation in the size of polyps [16, 17]. Second, mac-
rophages may phagocytize cholesterol, leading to changes in
size [18]. Third, cholesterol polyps may be loosely attached to
the gallbladder wall by a thin tenuous stalk, leading to periodic
sloughing of the polyp and subsequent nonvisualization on fol-
low-up imaging [11, 19]. A tiny remnant at the point of the polyp
attachment may remain, acting as a nidus for cholesterol polyp
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A
Fig. 6—53-year-old man with chronic hepatitis B.

A, Initial ultrasound images show solitary 5-mm polyp (measurement with calipers, top; no measurement, bottom).
B, Routine surveillance ultrasound images obtained 7 months later show no significant change in size of polyp (measurement with calipers, top; no measurement in
longitudinal plane, bottom left; no measurement in transverse plane, bottom right). However, at least two additional 1-mm polyps are now seen (bottom left and bottom

right).

C, Ultrasound images obtained 27 months after initial ultrasound show stability of larger polyp (measurement with calipers, top; no measurement, bottom) and

resolution of smaller polyps.

regrowth. Fourth, tiny adherent nonshadowing stones or sludge
may mimic gallbladder polyps [3, 11, 20] but change in configura-
tion. Finally, technical differences such as transducer frequency,
machine settings, and patient differences in fasting or degree of
gallbladder distention may affect visibility of gallbladder polyps.

Gallbladder polyps can be classified as nonneoplastic or neo-
plastic, the latter having a small theoretic risk of carcinoma or ma-
lignant transformation. Because of this theoretic risk and the chal-
lenge of differentiating the two entities by imaging, all gallbladder
polyps are typically regarded with some degree of suspicion. If
neoplastic polyps could be differentiated from nonneoplastic pol-
yps, then only those deemed more likely to represent neoplastic
polyps could be targeted for surveillance, whereas nonneoplastic
polyps could be spared follow-up imaging. This topic has received
significant interest. Previous studies have found that neoplastic
polyps are typically larger in size (most commonly > 15 mm) [21],
hypo- or isoechoic [22], single in number [23], and sessile in con-
figuration [24]. However, no single feature has been found to have
a high PPV for neoplastic polyps or to be a statistically significant
predictor in multivariable analysis [22].
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Most guidelines use an absolute size or change in size over time
as the primary sonographic feature for determining risk stratifi-
cation and management of gallbladder polyps [7-9]. Therefore,
understanding the natural history of change in size and number
of sonographically detected polypoid gallbladder lesions over
time is critical in informing future guidelines. We acknowledge
that as imaging technology and resolution of ultrasound imag-
es improve, size may become less of an important distinguish-
ing feature of gallbladder polyps. Advanced techniques such as
contrast-enhanced ultrasound have recently been shown to hold
promise in differentiating nonneoplastic from neoplastic polyps
and/or malignancies for larger (i.e., > 10 mm) polypoid gallblad-
der lesions. It is unclear whether such promising findings can be
applied to subcentimeter gallbladder polyps, but as adoption of
these advanced techniques increases and evidence accrues, fur-
ther delineation between the two broad categories of polyps
may be possible [25].

A limited number of studies have found an association be-
tween polyp growth and polyp neoplasia at pathology [26, 27],
and recent studies show that growth may be part of the natural

AJR:218, March 2022
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TABLE 2: Summary of 19 Patients Who Underwent Cholecystectomy
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Largest Polyp
Polyp Sizeon Largest Polyp | No. of
Indication for Reported on Pathology Additional Pathology Size on US? Polyps
Cholecystectomy Pathology Polyp Description (mm) Findings (mm) on US?
Biliary colic No NA NA Chronic cholecystitis and 4 1
cholelithiasis
Liver transplant for HCC Yes Cholesterolosis NR NA 5 >2
Left hepatectomy for HCC® No NA NA NA 4 1
Gallbladder polyp (10 mm) Yes Cholesterol polyp NR Cholelithiasis 10 >2
Biliary colic No NA NA Chronic cholecystitis and 5 2
cholelithiasis
Partial hepatectomy for HCC No NA NA Chronic cholecystitis and 6 1
cholelithiasis
Biliary colic and enlarging Yes Cholesterolosis 6 Chronic cholecystitis, cholelithi- 1 1
polyp¢ asis, and adenomyoma
Pancreatic adenocarcinoma No NA NA Fundal adenomyosis and mild 5 1
chronic cholecystitis
Gallbladder polyp on US Yes Multiple cholesterol NR NA 10 >2
polyps
Gallbladder polyp on US¢ Yes Multiple cholesterol 7 Minimal chronic cholecystitis n >2
polyps
HCC liver wedge resection Yes Cholesterolosis NR NA 4 >2
Cholelithiasis Yes Cholesterolosis NR Mild chronic cholecystitis and 4 >2
cholelithiasis
Liver transplant for HCC and Yes Cholesterolosis NR Chronic cholecystitis 6 1
cholangiocarcinoma
Gallbladder dyskinesia Yes Cholesterolosis NR Mild chronic cholecystitis 4 >2
Liver transplant for HCC No NA NA Chronic cholecystitis 2 1
Gastric adenocarcinoma Yes Intracholecystic 3 High-grade and low-grade 4 1
papillary neoplasm dysplasia
Liver transplant for HCC Yes Multiple polypoid 3 Chronic cholecystitis with 10 >2
areas mucosal edema
Liver transplant for HCC No NA NA Mild chronic cholecystitis 3 1
Wedge resection for HCC No NA NA NA 5 >2

Note—US = ultrasound, NA = not applicable, HCC = hepatocellular carcinoma, NR = not reported.

2Most recent US before cholecystectomy.
"Normal gallbladder on pathology.
“Same patient as in Figure 3.

9Same patient as in Figure 7.

history of small gallbladder polyps [10, 28]. In 2020, Szpakowski
and Tucker [10] reported the largest series to date, to our knowl-
edge, of outcomes of sonographically detected gallbladder pol-
yps. In their analysis of 35,856 patients with gallbladder polyps
observed over a 20-year period, gallbladder polyp growth of 2
mm or more was found to be part of the natural history of be-
nign polyps, similar to our observations. However, unlike our
study, only 9.6% of the study cohort had two or more repeated
ultrasound examinations. Further, they found that growth to 10
mm was not associated with increased risk of gallbladder cancer.
In another study from 2020 by Rafaelsen et al. [28], 154 patients
with gallbladder polyps smaller than 6 mm underwent reimaging
by ultrasound 12 years later, and 15 patients (approximately 10%)
had polyp growth of 2 mm or more; no patient developed cancer.

AJR:218, March 2022

Our study has several strengths compared with prior studies.
First, to our knowledge, our study is the first conducted in the
United States to longitudinally evaluate gallbladder polyps exclu-
sively in patients with underlying liver disease. Because these pa-
tients are recommended to undergo biannual serial ultrasound
examinations for HCC surveillance, we were able to serially fol-
low the natural history of gallbladder polyps over many exam-
inations. This would not be possible otherwise in most patients
with small polyps less than 7 mm as the ACR and CAR recommen-
dations do not advocate follow-up of small gallbladder polyps.
Though the European multisociety guidelines recommend fol-
low-up of polyps smaller than 6 mm, these guidelines were re-
leased in 2017 and lack widespread adoption in the United States.
Second, prior longitudinal studies have evaluated polyp growth
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Fig. 7—43-year-old man with chronic hepatitis B.

A

A, Gray-scale ultrasound images show 11-mm nonmobile hyperechoic polypoid lesion (measurement with calipers, left; no measurement, right), which had increased in

size from 9 mm 2 years earlier (not shown).

B, Patient underwent cholecystectomy given increase in polyp size. Photomicrograph (H and E, x100) shows portion of cholesterol polyp. Epithelial lining (arrowhead),
abundant cholesterol-filled macrophages (short arrow), and small vessel (long arrow) are also seen.

based on two [11, 26, 28] or three [12, 13] time points, whereas our
study evaluated polyps at more numerous time points, allowing
periodic monitoring of polyp size and number on the basis of a
follow-up regimen similar to the European multisociety guide-
lines. Third, whereas earlier studies included large samples of pa-
tients with a single examination, we included a relatively large
number of patients compared with other studies reporting lon-
gitudinal evaluation of gallbladder polyps on serial examinations
[13, 19, 28]. Finally, ultrasound technology and image resolution
during the period of our study (2010-2020) were substantially im-
proved compared with the quality of the equipment during the
period of previous studies, ensuring that our findings are applica-
ble to current diagnostic imaging standards.

There are several limitations of our study. First, all patients were
at risk for HCC. It is unclear whether patients with underlying liver
disease may have a different susceptibility to development of gall-
bladder polyps or natural history of gallbladder polyps compared
with other populations. Several studies suggest that chronic liver
disease and chronic hepatitis B may increase the risk of gallstones
and subsequent inflammation and polyp formation [29, 30]; how-
ever, other studies indicate that chronic liver disease is not a risk
factor for polyps [31, 32]. Despite the recommendation for surveil-
lance imaging every 6 months for at-risk patients, many patients
in our study did not strictly follow this schedule, likely because of
multiple factors including noncompliance (a well-known issue in
surveillance imaging), changes in health insurance, and a relative-
ly dynamic population within our geographic area due to employ-
ment changes within Silicon Valley.

Second, the ultrasound examinations were not performed
specifically for follow-up of gallbladder polyps but rather for
HCC surveillance, which may have contributed to the variability
in reported polyp size and visibility. However, this design reflects
standard ultrasound evaluation of gallbladder polyps, and thus
our findings may be applied more broadly.

Third, a small proportion of polyps measured 10 mm or more;
therefore, conclusions about polyps of this size are limited. Sim-
ilarly, risk factors for gallbladder cancer could not be evaluated
because no carcinomas were identified despite the large number
of patients with gallbladder polyps.

Finally, only a small number of the 434 patients had a pathologic
correlation. Thus, the pathologic correlate of most of the polyps is
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unknown. A cohort with a pathologic reference standard for all pa-
tients would be prone to substantial patient selection bias because
small gallbladder polyps are only resected in the presence of a spe-
cific clinical reason. This selection bias may account for the higher
malignancy rates reported by prior studies that included a patho-
logic reference standard for all polyps compared with malignancy
rates encountered in clinical practice [26, 33]. This limitation is un-
avoidable when investigating gallbladder polyps because the vast
majority are benign. Further, it would not be possible to assess the
natural history of gallbladder polyps in terms of number and size
(as per our study aim) if only resected polyps are included.

In conclusion, gallbladder polyps fluctuate in both size and
number over serial examinations and may fluctuate in visibility.
Using a 2-mm threshold for growth, 10% increased in size. No
gallbladder carcinoma was identified in the small number of pa-
tients who underwent cholecystectomy. European multisociety
guidelines that propose surveillance of essentially all polyps and
a 2-mm change in size as a basis for cholecystectomy are likely
too conservative for clinical application.
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Editorial Comment: The Gallbladder Polyp—Growth Happens

The heart of science is measurement.
—Erik Brynjolfsson [1]

We radiologists live in a world of measurements. In many in-
stances, they are important in determining disease progression;
however, at times, exclusive focus on size and growth can be mis-
leading, resulting in overtreatment.

Nowhere is this truer than with the gallbladder polyp. Here,
growth on the order of millimeters may prompt invasive surgery.
Indeed, European Society of Gastrointestinal and Abdominal Ra-
diology (ESGAR) guidelines stringently recommend follow-up of
virtually all polyps, with cholecystectomy prompted by growth
of 2 mm or more [2]. Central to this discussion are two questions
that undergird the recommendation: What is the natural history
of gallbladder polyp growth, and does growth truly suggest the
possibility of malignancy?

This study adds to the sparse literature on the natural history of
polyp growth and number, particularly in subcentimeter polyps.
The sample consisted of patients with gallbladder polyps who
underwent ultrasound every 6 months for hepatocellular carci-
noma surveillance. This targeted combination provided the au-
thors with unique data to longitudinally evaluate polyp growth
and number. They found that benign polyps may grow. In pol-
yps measuring 6 mm or less, 7% grew a mean of 2.3 mm, 15%
decreased in size, and 18% showed variable size increase and
decrease on serial studies. Thus, polyp size changed in 39% of pa-
tients with polyps measuring 6 mm or less. Polyp number similar-
ly fluctuated. No patients with an increase in polyp size had can-
cer on pathology or further follow-up. This study supports earlier
works showing similar findings [3, 4].

The study has a significant impact. Given the mean growth
of 2.6 mm in nonmalignant polyps, adhering to the strict 2-mm
threshold would cause many patients to undergo cholecystecto-
my, with attendant risks, for benign lesions. This study questions
the ESGAR guidelines and suggests a less rigid approach to cho-
lecystectomy, which could minimize unnecessary surgery.

Helena Gabriel, MD
Northwestern University
Chicago, IL
hgabriel@anm.org
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Longitudinal Ultrasound Assessment of Changes in Size and
Number of Incidentally Detected Gallbladder Polyps
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Introduction

1. How common are gallbladder polyps? How common is gallbladder carcinoma?

2. What are the American College of Radiology’s and Canadian Association of Radiologists’ recommendations for follow-up of gallblad-
der polyps? How do these recommendations vary from those provided in a joint statement from the four European societies men-
tioned in the article?

3. What is the stated objective of this study?

Methods
4. What study design was used? What were the inclusion criteria? What were the exclusion criteria?
5. How were data gathered for this study? How was ambiguity regarding size, number, or presence of polyps resolved? What relevant
data regarding gallbladder polyps were used in this study?
6. What was the source of the polyp size thresholds mentioned in the statistical analysis?

Results
7. How common were gallbladder polyps in the studied population? How common were multiple polyps?
8. How often was gallbladder carcinoma diagnosed among the patients who were included in the study?

Discussion
9. What are the limitations of this study? Are these adequately discussed? What does the study state are its strengths with respect to

past studies?

10. How variable are the presence and size of gallbladder polyps over time, according to the data used in this study? What explanations
for this variability are given in this study?

11. How do you currently recommend follow-up of gallbladder polyps detected incidentally? What guidelines does your practice or in-
stitution use? Do you ever make recommendations that differ from the guidelines? If so, why?

12. How might you design a follow-up study?

Background Reading
1. Choi TW, Kim JH, Park SJ, Ahn SJ, Joo |, Han JK. Risk stratification of gallbladder polyps larger than 10 mm using high-resolution ultrasonography and texture
analysis. Eur Radiol 2018; 28:196-205
2. Corwin MT, Siewert B, Sheiman RG, Kane RA. Incidentally detected gallbladder polyps: is follow-up necessary? Long-term clinical and US analysis of 346 patients.
Radiology 2011; 258:277-282

*Please note that the authors of the Study Guide are distinct from those of the companion article.
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