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Abstract

AlIM: CT virtual endoscopy has been used in the study of
various organs of body including the biliary tract, however,
CT virtual endoseopy in diagnosis of gallbladder polyps
has not yet been reported. This study was to evaluate the
diagnostic value of CT virtual endoscopy in polyps of the
gallbladder.

METHODS: Thirty-two cases of gallbladder polyps were
examined by CT virtual endoscopy, ultrasound, CT scan with
oral biliary contrast separately and confirmed by operation
and pathology. CT biliary cystoscopic findings were analyzed
and compared with those of ultrasound and CT scan with
oral biliary contrast, and evaluated in comparison with
operative and pathologic findings in all cases.

RESULTS: The detection rate of gallbladder polyps was
93.8%(90/96), 96.9%(93/96) and 79.2%(76/96) for CT
cystoscopy, ultrasound and CT scan with oral contrast,
respectively. CT biliary cystoscopy corresponded well with
ultrasound as well as pathology in demonstrating the
location, size and configuration of polyps. CT endoscopy
was superior to ultrasound in viewing the polyps in a more
precise way, 3 dimensionally from any angle in space, and
showing the surface in details. CT biliary cystoscopy was
also superior to CT scan with oral biliary contrast in terms
of observation of the base of polyps for the presence of a
pedicle, detection rates as well as image quality. The
smallest polyp detected by CT biliary cystoscopy was
measured 1.5 mmx2.2 mmx2.5 mm.

CONCLUSION: CT biliary cystoscopy is a non-invasive and
accurate technique for diagnosis and management of
gallbladder polyps.
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INTRODUCTION

SinceKlein et al.™ in 1993 reported the computed tomographic
cholangiography using spiral scanning and 3D image processing,
many lesions of the biliary tract have been studied®. In 1994
CT virtual endoscopy (CTVE) wasintroduced, itsapplicationin
obtaining organ images has been described extensively!*>2,
However, we have not seen any report concerning CTVE in the

diagnosis of polyps of the gallbladder. In the current paper we
reported the CTVE findings of gallbladder polypsin 32 patients.

MATERIALS AND METHODS

From January 1999 to the present study, 32 patients with
gallbladder polyps confirmed by operation and pathology
underwent CT biliary cystoscopy (CT virtual endoscope of
the gallbladder, CTVEGB). There were 18 males and 14
females (age range, 28-47 years, mean age, 35.8 years). Eight
patients had vague pain in the right upper abdomen, 4 patients
had colicky pain, and the remaining 20 patients were
asymptomatic. All patients had normal serum bilirubin and
alkaline phosphatase levels. On the day of CTVEGB,
abdominal ultrasonographic studies were done for all patients.
The CT scanner was Somatom plus 4 power helical CT
(Siemens, Germany) with a Virtuoso workstation (WS). The
sonographic equipment was color Doppler ultrasound HDL
5000 (ATL USA). Sixteen hoursprior to CT study, each patient
took 4.5 g of iopanoic acids orally and the gastrointestina tract
was properly prepared. CT scanning parameterswere: 120kV,
200-220mA, dicethickness2-3mm, pitch 1-1.2 or 1.5-2.0; image
recongtructioninterval: 0.8-1.2mmor 1.5-2.0 mm, FOV 214-263
mm; scan time 25-32 s, scan speed 0.75 sper 360° revolution.
Image post processng wasdone by Dr. Hu. Thereconstructed
image wastransferred to virtuoso WS. “ Fly” software was used
to obtain 3D stereo image of the gallbladder and surrounding
structures, then virtual endoscopic image of the gallbladder
was proceeded simply by double click on the mouse, threshold
value was adjusted so that the normal gallbladder mucosawas
displayed clearly (Figure 1). The threshold value ranged from
-178-251HU. Color encoding was performed using green color
(color of the bile). Endoscopy was carried out from any
viewpoint in the gallbladder with varying views, size, speed
and angle, and detailed scrutiny was performed. It took 1 h to
complete CTVEGB. All axia source CT imageswereinterpreted
as spiral CT with oral biliary contrast (OCCT) and 3D stereo
images using fly software as CTVEGB, which were done by
two radiologists, who were unaware of the clinical and
ultrasonographic information. Another two radiologists did
ultrasonographic study. All radiologists worded together in
evaluating the number, size, configuration, location, surface
and base of polyps of the gallbladder. A professional Satistician
performed all statistical analyses by using a commercially
available gatistical software package (SASIngtitute, Cary, Nc).
Theresultsof CTVEGB, OCCT, ultrasound and pathology were
compared with each other by means of the chi-square test.

RESULTS

On OCCT, the gallbladder was clearly visualized in 32 cases.
The 3D stereo view clearly displayed the gallbladder and its
surrounding structures such as the liver, ribs and spine on
maximum intensity projection (MIP) protocol. CTVEGB
images were obtained from all patients. No procedure-related
adverse reaction was observed in al 32 cases.

Correlation of CTVEGB with ultrasound
The 3D image, CTVEGB image (Figure 1A) and axial source
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image could be displayed simultaneously on Virtuoso WS.
CTVEGB could be manipulated flexibly from multiple views
and various angles so that the location, size, configuration,
surface and base of the polyps could be clearly shown better
on CTVEGB than on ultrasound images. Among the 32 cases
with gallbladder polyps, the detection rate of polyps was
96.9(93/96) by ultrasound and 93.8%(90/96) by CTVEGB.
Comparison of ultrasound and CTVEGB with operative and
pathologic findings is shown in Table 1. The smallest polyp
detected by CTVEGB measured 1.5 mmx2.2 mmx2.5 mm
(Figure 1B). One polyp with cauliflower appearance (Figure
1C) and another butterfly-like one were detected by CTVEGB,
which were in accordance with ultrasound (Figure 1D) and
operative findings. Pathologically both were confirmed to be
inflammatory polyps of the gallbladder (Figure 1E).

Comparison between CTVEGB and OCCT

On OCCT, the gallbladder filled with contrast medium was
well visualized, the polyps appeared asfilling detects of various
sizes and numbers. Among the 96 polyps, OCCT detected
76 while CTVEGB detected 90, the detection rate was 79.2%
and 93.8% respectively. The correlation with operative and
pathologic findingsis shown in Table 2. CTVEGB missed 3

polypswith adiameter <3 mm, while OCCT missed 20 polyps
with a diameter <5 mm. The difference was statistically
significant (P<0.01, a=0.05).

CTVEGB and pathological classification

Theincidence of polypswasrelated to the pathologic type. Of
the 90 polyps detected by CTVEGB, 60 were cholesterol
polyps, in which 12(20%) were single cholesterol polyps
(Figure 1B) and 48(80%) were multiple cholesterol polyps
(Figure 1D). Among the 30 inflammatory polyps, 15(50%)
were single polyps (Figure 1F) and 15 were multiple types
(Figure 1C). The size of gallbladder polyps was related to
pathologic types. Among the 90 polyps detected by CTVEGB,
60 were cholesterol polyps, in which 38(63%) had the greatest
diameter <5 mm, 22 (37%) had a diameter of 5-10 mm and
0(0%) had adiameter of =10 mm. There were 30 inflammatory
polyps, 10(33%) were <5 mm, 8(27%) were 5-10 mm and
12(40%) were =10 mm. The configuration of polyps was
related to pathologic types. Among the 60 cholesterol polyps,
52(87%) had a spherical configuration, 7(11%) were papillary
and 1(2%) irregular in outline. Of the 30 inflammatory polyps,
23(77%) were spherical and 7(23%) were irregular and none
was papillary in form. The location of gallbladder polypswas
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Figure 1 CTVEGB detection of gallbladder polyps. A: Surface detail of gallbladder displayed by CTVEGB in a 47-year old normal
man. B: Smallest single cholesterol polyp (arrow head) detected by CTVEGB in a 28-year-old man. C: Multiple gallbladder polyps
in a 30- year-old man. (1) Multiple polyps of cauliflower appearance and small polyps (arrow head). (2) Color ultrasonography
found multiple polyps of cauliflower appearance and small polyps (arrow head). (3) Multiple polyps were inflammatory polyps
on pathology (HEx20). D: Multiple cholesterol gallbladder polyps in a 30-year-old woman. Two cholesterol polyps (arrow head)
were proved by pathology (HEx20). E: Single inflammatory gallbladder polyps in a 29-year-old woman. An irregular inflamma-
tory polyp was proved by pathology (HEx20).
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Table 1 Comparison of ultrasound and CTVEGB in 96 gallbladder polyps

Diameter (mm) Location (n)

Modality  Polyps (n)

Configuration (n) Base (n) peduncle

<5 5-10 10- Neck Body Base Spherical Papillary Irregular Butterfly Cauliflower (-) (+)
Pathology 96 54 30 12 24 64 8 81 7 6 1 1 58 38
Ultrasound 93 51 30 12 24 61 8 78 7 6 1 1 55 38
CTVEGB 90 48 30 12 24 58 8 75 7 6 1 1 52 38
c? 0.466 0.485 0.478 0.471 0.482
P value >0.05 >0.05 >0.05 >0.05 >0.05

1. No statistical significance (P>0.05, a=0.05) between ultrasound and CTVEGB findings; 2. CTVEGB is abbreviation of CT virtual

endoscopy of the gall bladder.

Table 2 Comparison of OCCT and CTVEGB in 96 gallbladder polyps

Diameter (mm) Location (n)

Configuration (n) Base (n) peduncle

Modality Polyps

<5 5-10 10- Neck Body Base Spherical Papillary Irregular Butterfly Cauliflower (-) (+)
Pathology 96 54 30 12 24 64 8 81 7 6 1 1 58 38
OCCT 76 34 30 12 24 44 8 61 7 6 1 1 52 24
CTVEGB 90 48 30 12 24 58 8 75 7 6 1 1 52 38
c? 7.518 8.561 8.157 7.743 14.797
P value <0.01 <0.01 <0.01 <0.01 <0.01

1. Statistical difference between ultrasound and CTVEGB findings (P<0.01, a=0.05); 2. CTVEGB is abbreviation of CT virtual
endoscopy of the gall bladder; 3. OCCT is abbreviation of spiral CT with oral biliary contrast.

related to pathol ogic types. Of the cholesterol polyps, 40(67%)
were |located in the body of gallbladder, 19(31%) in the neck
and 1(2%) inthe base. Of the 30 inflammatory polyps, 18(60%)
were located in the body of gallbladder, 5(17%) in the neck
and 7(23%) in the base. The presence or absence of a pedicle
wasrelated to pathologic type. Therewere 36(60%) cholesterol
polypswith a pedicle and 24(40%) devoid of apedicle. Two (7%)
inflammatory polyps were pedunculated and 28(93%) not.

DISCUSSION

A lot of techniques have been devel oped for studying thebiliary
tract. Ultrasonography, the technique of choice for studying
the gallbladder, is of limited value in the evaluation of polyps
of gallbladder, depending on the operator’ s skill. Intravenous
cholangiography is a safe technique, but does not adequately
opacify the polyps of gallbladder. Conventional computed
tomography (CT) isinadequate for detection of low-density
lesions of the galIbladder. ERCP and PTC can provide excellent
delineation of biliary anatomy and pathology, but both are
invasive and associated with risks and complications. MR
cholangiography is a popular noninvasive technique and has
been shown to be both sensitiveto and specific for visualization
of various conditions of the biliary tract. Although it is safe,
thetechniqueis contraindicated in patientswith aneurysm clips
or cardiac pacemakers. In addition, MR cholangiography may
not be suitable for patients with claustrophobia or those with
multiple metallic clips, which may cause artifacts. There are
few alternatives to the invasive techniques, and additional
noninvasive techniques are in demand.

Spiral CT allowsimaging of avolume of tissue during a
single breath-hold. Axial CT data could be reconstructed into
two-dimensional multi-planar or three-dimensional (3D)
volume-rendered images using workstations and image-
rendering software¥. This CT technology combined with the
administration of 1V cholangiographic contrast agents could
produce diagnostic images of the biliary tract!>"1°4 and has
been used for diagnosis of obstructive biliary disease,
choledochocele, choledocholithiasis and aberrance bile ducts.
The main limitation of thistechniqueisthat the rate of allergic
reactions and renal or hepatic toxicity (or both) are relatively

high due to by these contrast agents.

Oral cholangiographic contrast agents are a potential
dternativeto IV contrast agents. Unlike the later, these contrast
agents had few side effects, such as diarrhea, loose stools,
nauseaand stinging on urination®. Becausethe patientsingested
6 g iopanoic acid before CT examination!®:%3, the contrast
agents were decreased to 4.5 g iopanoic acid. No side effect
wasfound in our study. CT cholangiography was used to assess
choledoch variants and describe choledocholithiasis®**, To
our knowledge, there have been few studies or reportsin which
IV cholangiograhpic contrast agents were used to diagnose
gallbladder polyps?. It has not yet been established whether
these oral contrast agents can reliably demonstrate gallbladder
polyps on CTVEGB.

Some factors could influence the image quaity of CTVEGB,
which isimportant for precise diagnostic information. Usually
16 h after ord administration of 4.5 g iopanoic acid, CTVEGB
could yield theimage of gallbladder with agood quality. With
adose of 3.0 g, visualization of the gallbladder would be
inadequate. I nadequate control of respiratory motion has
adverse impact on image quality, resulting in failure to detect
small lesions or ragged distortion of large lesions. Optimal
image quality is achieved by single breath hold. Higher
reconstruction rates such as 0.8-1.2 mm are more helpful in
displaying minute lesions and the details. Higher pitch (1.5-2.0)
may produce artifact-mimicking polyps or miss small lesions.
Pitch 1.0-1.2 isagood choice. FOV isrelated to the displayed
area of the surrounding structures but not to observation of the
polyps. However, adequate FOV can clearly demonstrate the
stereo relation of gallbladder and surrounding structures. The
threshold value seriously affects effective observation of
polyps. Variation of thethreshold value leadsto marked change
invisualization of the size and appearance of polyps, therefore
selecting appropriate threshold valueis critical to avoid image
distortion. Generally, athreshold value is selected so that the
normal gallbladder mucosais shown clearly.

Based on our clinical experiencein diagnosing gallbladder
polyps by CTVEGB, TVEGB can clearly display the normal
anatomy of the interior of gallbladder. CTVEGB can clearly
show the size, configuration, location, surface and base of
gallbladder polyps in accordance with color ultrasound,
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operative and pathologic findings. The smallest polyp reported
in this article was 1.5 mmx2.2 mmx2.5 mm. Localization of
the polypswas accurate. Good depiction of polyp configuration
could be obtained. In this series 12 polyps with irregular
appearance were proved to be inflammatory in nature with
adhesions. Detailed observation of the base of polyps to
confirm the presence of a pedicle by CTVEGB was possible
by viewing from different anglesand in this respect, CTVEGB
was superior to color ultrasound. Among the 96 polyps,
CTVEGB missed 6 polyps with the diameter lessthan 3 mm.
Color ultrasound missed 3 polyps because of adhesion with
surrounding tissues. The difference, however, was not
statistically significant (P>0.05). The correspondence was
good. OCTT, being a safe, simple and efficient method*7, is
capable of detecting biliary calculus, tumor, anomaly and
dilatation of the biliary tract and protruding lesions with a
bigger size. However, limited by the concentration of contrast
medium, small polypous lesions are easily obscured and thus
escaping detection by OCCT. In this series, 20 polyps with a
diameter less than 5 mm were missed. OCCT is also inferior
to CTVEGB in terms of observation of the base of polyps for
the presence of apedicle, detection rate aswell asimage quality.

In comparison of thefindings of CTVEGB with pathological
changes, in cholesteral polyps, multiple polyps were far more
freguently seen than single polyps (80% vs 20%). While in
inflammatory polyps, the incidence was 50% for each,
indicating that most cholesterol polyps were multiple, while
single polyp and multiple ones were equally common in
inflammatory polyps. Among the cholesterol polyps, 63% were
<5 mm, 37% were between 5-10 mm, none was =10 mm.
Whilein inflammatory polyps, 33% were <5 mm, 27% was
between 5-10 mm, 40% were =10 mm, indicating that smaller
polyps (=<5 mm) were common in cholesterol polyps and
bigger ones (=10 mm) were common in inflammatory polyps.
Among cholesterol polyps, spherical type was most common
(87%), followed by papillary type (11%), then irregular type
(2%). For inflammatory polyps, 77% were spherical type, 23%
irregular type. There was no papillary inflammatory polyp in
this series. For cholesterol polyps, 67% occurred in the body
of gallbladder, 31% in the neck and 2% in the base. Whereas
for inflammatory polyps, they were 60%, 23% and 17% in the
body, base and neck respectively. Cholesterol polyps usualy
occurred in the body and neck of the gallbladder, while for
inflammatory polyps usually in the body and base. Sixty
percent of the cholesterol polyps were pedunculated and 40%
were devoid of a pedicle. Most of the inflammatory polyps
(93%) were non-peduncul ated.
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