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Abstract

AIM: To investigate the effects of gallbladder stones
on motor functions of the gallbladder and the dynamics
of bile flow in asymptomatic gallstone disease.

METHODS: Quantitative hepatobiliary scintigraphy
was performed to detect the parameters of gallbladder
motor function [gallbladder ejection fraction (GBEF),
gallbladder visualization time (GBVT), gallbladder time
to peak activity (GBT..x), gallbladder half emptying
time (GBT,5,), and transit time of bile to duodenum
(TTBD)] in 24 patients with asymptomatic cholelithiasis
who were diagnosed incidentally during routine
abdominal ultrasonographic examination and 20
healthy subjects with normal gallbladder.

RESULTS: Even though there was no significant
difference in the clinical and laboratory parameters
between the patient and control groups, all parameters
of gallbladder function except TTBD were found to
differ significantly between the two groups. GBEF in
the patient group was decreased (P = 0.000) and
GBVT, GBTnax, GBTy; in the patient group were longer
(P =0.000, # = 0.015, P = 0.001, respectively).

CONCLUSION: Our results showed that even if

there were not any clinical and laboratory findings,
gallbladder filling and emptying could be impaired in
patients with gallstone disease.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Asymptomatic cholelithiasis is being diagnosed
increasingly, mainly as a result of the widespread use
of abdominal ultrasonography for the evaluation of
patients for unrelated or vague abdominal complaints
and in cases of routine checkup. Most studies have
indicated that the progression of asymptomatic to
symptomatic disease is relatively low!". Despite some
controversy most authors agree that the vast majority of
subjects should be managed by observation alone. The
major concern when discussing the natural history of
asymptomatic cholelithiasis is the possible development
of a severe, potentially life-threatening complication,
such as acute supurative cholangitis, severe pancreatitis,
cholecystoenteric fistula, gallstone ileus or rarely
gallbladder cancer. Unfortunately, it is impossible, using
local (such as number, size, nature, alteration in wall
thickness or gallbladder contractility) or general factors
(such as age, gender, or associated comorbidity) to
predict who among asymptomatic patients, will develop
symptoms or complications and when®.

Hepatobiliary scintigraphy is used to show both
morphological and physiological changes in the
gallbladder. Since physiological changes usually precede
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morphological alterations by several weeks or months,
there is great potential for early diagnosis by scintigraphy,
before irreversible functional changes take placel®. The
main advantage of hepatobiliary scintigraphy is that the
technique is noninvasive, quantitative, and reproducible
and has a low interobserver error ratel!l,

The current study aimed to investigate by quantitative
hepatobiliary scintigraphy the effects of gallbladder
stones on motor function of the gallbladder and the
dynamics of bile flow in a group of patients with
asymptomatic gallstone disease.

MATERIALS AND METHODS

The study design was approved by the local University
cthical committee and was performed according to the
Helsinki Declaration. Informed written consent was
obtained from all participating subjects before their
involvement in the study.

Subjects

The study was conducted from April 2006 to February
2008, and included 25 patients with asymptomatic
cholelithiasis who had been diagnosed incidentally
during routine abdominal ultrasonography. There were
no gallstone-related symptoms, such as history of biliary
pain (pain in the epigastrium or right upper abdominal
quadrant that may radiate to the patient’s back or to the
right scapula) or gallstone related complications such
as acute cholecystitis, cholangitis, or pancreatitis. The
only one patient with nonvisualized gallbladder during
hepatobiliary scintigraphy was excluded. Twenty-four
patients, (10 male and 14 female; aged 54.66 + 12.59
years) with asymptomatic gallbladder stones, and 20
control cases (12 male, 8 female; aged 50.30 £ 4.15
years) with normal gallbladder were enrolled in the study.
None of the subjects had diabetes mellitus, or a history
of disease or operation that affected gallbladder motility.
None of the patients had received recent medication
such as cholic acid, morphine, atropine, calcium channel
blockers, octreotide, progesterone, indomethacin,
theophyline, benzodiazepines, and histamine-2 receptor
antagonists to influence gallbladder motor function.
All patients in the study and control group had normal
gallbladder wall thickness (no more than 2 mm),
common bile duct upon ultrasound examination and
liver function as shown by routine biochemical screening
measures [aspartate amino transferase (AST), alanine
aminotransferase (ALT), y-glutamyltransferase (GGT),
alkaline phosphatase (ALP) and total bilirubin levels].

Hepatobiliary scintigraphy

After the patients had fasted overnight, hepatobiliary
scintigraphy was performed using 185 MBq (5 mCi) of
99m-Tc-mebrofenin (BRIDATEC, GIPHARMA S.r.1.,
Italy) intravenously. Two-phase dynamic images were
taken from the right hypochondrium with the patient in
the supine position, using a dual-head gamma camera
(Siemens E-CAM, Illinois, USA) which included a low-

Patients (7 = 24) Controls (7 = 20) P

Number (M/F) 24 (10/14) 20 (12/8) 0345
Age (yr) 54.66 +12.59 50304415  0.267
AST (U/L) 30.62 +13.89 27304999 0547
ALT (U/L) 34.66 + 27.86 21.60+571  0.283
GGT (U/L) 48.20 +26.63 436541080 0915
ALP (U/L) 86.20 + 23.68 86.10+24.03 0972
Total bilirubin (mg/dL) 0.74+0.28 069+027 0579

energy high resolution collimator. Phase 1: 2 s X 60
frames (perfusion phase); phase 2: 60 s X 118 frames
(hepatobiliary phase). In the mid-term of the second
phase, a standard fatty meal (100 g milk chocolate)
instead of cholecystokinin was given to the patients in
order to stimulate gallbladder contraction. All of the
dynamic images were evaluated with the raw data and
cine projections from the computer.

We obtained the following parameters. (1)
Gallbladder ejection fraction (GBEF) was calculated by
determining count variation in the gallbladder during the
filling and emptying period, using a computer program
for GBEF. An E-CAM Siemens computer program
calculated GBEF according to the time variation
curves of these two phase (Figure 1). (2) Gallbladder
visualization time (GBVT). (3) Gallbladder time to peak
activity (GBTy.y). (4) Gallbladder half emptying time
(GBT))5). (5) Transit time of bile to duodenum (TTBD)

were evaluated.

Statistical analyses

The statistical analyses were done using SPSS 13 for
Windows (Chicago, IL, USA). The data of the groups
were given as mean £ SD and the Mann-Whitney U
test was used as a non-parametric test to compare the
means between the groups. P < 0.05 was considered as
significant.

RESULTS

Table 1 shows the clinical and laboratory features of
the patient and control groups (mean £ SD). There was
no statistically difference in the clinical and laboratory
parameters between the patient and control group (P >
0.05).

GBEF, GBVT, GBT,.., GBT|,,, and TTBD of the
patient and control groups are shown in Figure 2A-E.
Mean GBEF in the patient group decreased when
compated with that in the control group (49.79 + 25.42
min »s 78.20 £ 11.23 min; P = 0.000). Mean GBVT
(21.83 + 8.51 min »s 12.20 * 2.28 min; P = 0.000),
GBT (59.41 £ 15.09 min »s 49.30 £ 6.74 min P =
0.015), GBT,,,(99.37 £ 22.95 min »s 74.40 £ 11.12 min
P = 0.001) were longer in the patient group than in the
control group. There was no significant difference in
mean TTBD (22.58 + 14.08 min »s 27.00 * 15.36 min)
between the two groups.
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Figure 1 Image from Tc-99m mebrofenin cholescintigraphy and GBEF curve in a patient with asymptomatic cholelithiasis. Gallbladder emptying was slower
and was not completed during the study.
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Figure 2 Parameters of gallbladder function. A: Mean GBEF of the patient group was significantly decreased when compared with the control group (P = 0.000); B:
Mean GBVT was significantly longer in asymptomatic gallbladder patients than in the control group (P = 0.000); C: GBTmax was significantly longer in the patient group
(P=10.015); D: GBT+2 was significantly prolonged in the patient group (P = 0.001); E: There was no significant difference between TTBD in the two groups.

than on the association of gallbladder motility and

DISCUSSION clinical symptoms!?. Gallbladder stones may be
In the past, the majority of the literature has focused asymptomatic in a considerable number of patients, and
on the pathogenesis of gallstone formation rather  the pathogenesis of symptoms is not understood cleatly.
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Theoretically, gallbladder function may be an important
predictor of outcome from either cholecystectomy or
watchful waiting, because the symptoms traditionally are
believed to atise from gallbladder contraction!’.

Several studies using different techniques and
protocols have assessed gallbladder function in gallstone

diseasel®1#1°

1. In these studies, patients groups were
generally taken from symptomatic but uncomplicated
patients.

Gallbladder emptying is under the control of neural
and hormonal stimulation. For normal bile flow, Oddi
sphincter relaxation should synchronize with gallbladder
contraction. CCK, as a mediator, is responsible for
relaxation of the sphincter of Oddi and gallbladder
contraction. After a fatty meal is eaten, the gallbladder
empties with active contraction, which is regulated
mainly by the release of endogenous CCK, which
simultaneously induces Oddi sphincter relaxation,
therefore allowing maximal bile outflow from the
common bile duct into the duodenum at the time of
maximal gallbladder contraction!”.

In this manner, it is important to understand how
symptoms occur and what the reason is. It is also
important to know that, if we perform cholecystectomy
the pathological bile flow will resolve. It is still
controversial whether impaired gallbladder emptying/
contraction is the cause or the result of bile stones!"?,

Quantitative hepatobiliary scintigraphy is a well-
established method that can be used in the evaluation of
hepatocellular function and patency of the biliary system
by tracing the production and flow of bile from the liver
through the biliary system into the small intestine!"¥. Of
the quantitative parameters of hepatobiliary scintigraphy,
time variables of the gallbladder (GBVT, GBT,.,
GBT),, and TTBD) and GBEF are regarded as sensitive
parameters for diagnosing gallbladder motor function
abnormalities.

In previous scintigraphic studies, GBEF and
gallbladder emptying time were found to be different
in patients with symptomatic gallbladder stones!'*'>".
Most of these studies, agreed that, although gallbladder
emptying was impaired, filling was unaffected. In
our study, emptying time was significantly longer in
patients with asymptomatic gallstones and GBEF was
significantly reduced.

We found that gallbladder filling time was also
prolonged compared with the controls and Kao e a/*"
have reported that gallbladder stones may impair
gallbladder function, especially the filling fraction.
Abnormal gallbladder filling and emptying of bile in
the gallbladder can result from mechanical obstruction
to bile flow, such as altered cystic duct resistance or
abnormal sphincter of Oddi tone, decreased gallbladder
contractile force, or increased bile viscosity. Patients
with organic obstruction at the cystic duct could not be
visualized during hepatobiliary scintigraphy and therefore
a patient who had a non-visualized gallbladder was
excluded from the present study. Increased resistance
to bile flow might occur either at the cystic duct or
sphincter of Oddi. In our study, there was no difference

in TTBD between the control group and asymptomatic
gallstone group, thus increased resistance to bile flow in
the sphincter of Oddi was not the cause of prolongation
in emptying time. On the other hand, viscosity tends to
be higher in gallbladder bile of patients with gallstones™"
and may be another cause abnormal gallbladder
emptying or filling, but normal TTBD was probably the
indicator of normal bile viscosity in our study group.
The most likely explanation for the abnormal gallbladder
filling in our patients was increased resistance to bile
flow at the cystic duct. Similar to our findings Pitt
et al have reported increased cystic duct resistance
in rodents with gallstones, but we have not been able
to find any human study about cystic duct resistance
in patients with gallbladder stones. Jazrawi es a/*’
have combined ultrasonography with scintigraphy and
have shown that turnover of bile is impaired during
the refilling phase in patients with gallstones. Moreover
Cicala ¢ a/*" have demonstrated that there is decreased
turnover of bile that may contribute to cholesterol
crystal precipitation and stone growth, as shown by
ultrasonographic measurements of gallbladder volume
variation. From another point of view, in the patient
group, abnormal gallbladder smooth muscle contraction
was probably the cause of both impaired emptying time
and reduced GBEE

It is also known that, in patients with impaired
emptying, the contractile defect may have developed at a
very eatly stage of gallstone formation™!. Furthermore,
the symptoms in gallstone patients are believed
traditionally to arise from gallbladder spasm and normal
gallbladder contractility is thought to be a prerequisite
for the development of symptoms!'?. The gallbladder
motility defect is restricted apparently to asymptomatic
patients and appears to protect from symptomatic
discase.

In conclusion, our results showed that even if there
were not any clinical and laboratory findings, gallbladder
filling and emptying can be impaired in gallstone
patients.

COMMENTS

Background

Asymptomatic cholelithiasis is being increasingly, diagnosed today, mainly as
a result of the widespread use of abdominal ultrasonography. Hepatobiliary
scintigraphy is a noninvasive, quantitative, and reproducible technique that can
be used to show morphological and physiological changes in the gallbladder.
The authors investigated by hepatobiliary scintigraphy the effects of gallbladder
stones on motor function of the gallbladder and the dynamics of bile flow in
asymptomatic gallstone disease.

Research frontiers

Cholelithiasis is a very common disease, and it is still controversial whether
impaired gallbladder emptying/contraction are the cause or result of bile stones.
Gallbladder stones may be asymptomatic in a considerable number of patients
with gallstones, and the pathogenesis of symptoms is not understood clearly.
In previous scintigraphic studies, motor function parameters of the gallbladder
have been found to be different in patients with symptomatic gallbladder stones,
however, no definitive data have been published in asymptomatic cholelithiasis.
Innovations and breakthroughs

The authors showed for the first time that, even in the absence of any clinical
and laboratory findings, gallbladder motor functions such as filling and emptying
time and ejection fraction, were impaired in asymptomatic gallstone patients.
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Applications

Their study was designed to analyze the scintigraphic parameters of gallbladder
motor function (gallbladder ejection fraction, gallbladder visualization time,
gallbladder time to peak activity, gallbladder half emptying time, and transit time
of bile to duodenum) in patients with asymptomatic cholelithiasis who had been
diagnosed incidentally during routine abdominal ultrasonography.

Terminology

99m-Tc-mebrofenin is a radiopharmaceutical agent for hepatobiliary
scintigraphy, Gallbladder ejection fraction describes gallbladder emptying
function.

Peer review

This is a very interesting study. This paper reports on the results of an
investigation aimed at assessing the effects of gallbladder stones on gallbladder
motility and at assessing the dynamics of bile flow in asymptomatic gallstone
disease patients. The authors report that, even in the absence of any clinical
and laboratory findings, gallbladder filling and emptying can be impaired in this
subgroup of gallstone patients.
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