PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(5):721-724
World Journal of Gastroenterology
Copyright ©2004 by The WJG Press ISSN 1007-9327

* CLINICAL RESEARCH =

Gallbladder contractility and volume characteristics in gallstone

dyspepsia

De-Chuan Chan, Tzu-Ming Chang, Cheng-Jueng Chen, Teng-Wei Chen, Jyh-Cherng Yu, Yao-Chi Liu

De-Chuan Chan, Cheng-Jueng Chen, Teng-Wei Chen, Jyh-
Cherng Yu, Yao-Chi Liu, Division of General Surgery, Department
of Surgery, Tri-Service General Hospital, National Defense Medical
Center, Taipei, Taiwan, China

Tzu-Ming Chang, Department of Surgery, Shalu Tungs Memorial
Hospital, Tai-Chung, Taiwan, China

Correspondence to: Yao-Chi Liu, MD, Division of General
Surgery, Department of Surgery, Tri-Service General Hospital,
325 Section 2, Cheng-Kung Road, Neihu 114, Taipei, Taiwan,
China. chrischan1168@yahoo.com.tw

Telephone: +886-2-87927191 Fax: +886-2-87927372
Received: 2003-10-08 Accepted: 2003-12-30

Abstract

AlIM: It is difficult to differentiate gallstone dyspepsia and
functional dyspepsia by clinical symptoms and signs. We
hypothesized that gallstone dyspepsia was related to
abnormal gallbladder motility. We aimed to differentiate
gallstone dyspepsia from functional dyspepsia by measuring
gallbladder motility.

METHODS: We measured gallbladder volume changes in
response to gastric distension (saline 500 mL) and fatty meal
in 10 normal volunteers (controls) and 62 patients with
gallstones and dyspepsia before cholecystectomy. Forty
cholecystectomized patients were symptom free or had
improvement (group 1), while the remaining 22 patients had
persistent dyspepsia (group I1). Gallbladder volume change
and ejection fraction were analyzed and compared among
the three groups.

RESULTS: In group I, there were significant decreases in
gallbladder volumes 5-25 min after gastric distension,
compared to fasting volumes. Compared to normal volunteers
and group |1, group I had significantly decreased gallbladder
volumes 10-20 min after drinking 500 mL of normal saline
and 10 to 50 min after eating fatty meal.

CONCLUSION: Our results support the hypothesis that
increased gallbladder contraction after gastric distension or
fatty meal may be related to dyspeptic symptoms in
uncomplicated gallstone disease. These findings may be
useful in differentiating functional dyspepsia from gallstone
dyspepsia, patients with the latter disease may benefit from
laparoscopic cholecystectomy.
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INTRODUCTION

Laparoscopic cholecystectomy is the choice of treatment for
symptomatic gallstone disease and is performed with increasing
frequency. It isclear that gallstone patients with complications

(acute cholecydtitis, gallstone pancreatitisor jaundice) or severe
biliary pain should undergo cholecystectomy. Conversely, for
asymptomatic gallstone disease, no treatment should be done.
Nonetheless, some patients with uncomplicated gallstone
disease, once termed gallstone dyspepsia?, suffer from mild
abdomina symptoms, such as postprandial flatulence, bloating,
nausea and belching. Most of these patients also undergo
laparoscopic cholecystectomy, but about 20-30% of these
cholecystectomized patients still complain of abdominal
symptoms after surgery. These symptoms may be associated
with preoperatively undiagnosed functional gut disease
unrelated to gallstones’>®. In order to avoid unnecessary
cholecystectomies, it isimportant to ascertain preoperatively
that these mild symptoms of gallstone patients with dyspepsia
are really caused by gallstones. New diagnostic methods to
predict which patients will benefit from cholecystectomy are
therefore necessary.

Gallstone dyspepsia and functional dyspepsia have
coexisting symptoms and it is difficult to differentiate from
each other based on the dyspeptic symptoms>". Despite
numerous studies, the mechanism of gallstone dyspepsia has
not been completely explained®¥. In the past, the majority of
literature focused on the pathogenesis of gallstone formation.
It ispostulated that two distinct subgroups of gallstone patients
can beidentified with regard to galIbladder emptying, including
“normal contractors’ and “ pathologic contractors’ or “ strong
contractors’” and “weak contractors’*+14, Therefore, we
hypothesize that in these patients, gallstone dyspepsia may
result from abnormal gallbladder motor activity stimulated
by gastric distension or fatty meals. In this study, we
investigated the difference in gallbladder contractility in
response to gastric distension and fatty meals in healthy
volunteers and patients with gallstones and dyspepsia. If so,
preoperative assessment of gallbladder contractility with
ultrasonography would contribute to better outcomes of
cholecystectomy.

MATERIALS AND METHODS

GalIbladder volume was assessed in 72 subjects, including 10
healthy controls and 62 gallstone patients with symptoms of
dyspepsia. None of the gallstone patients had past or present
signs of complicated gallstone diseases, such as acute
cholecystitis, biliary pancreatitis, jaundice or severe biliary
pain. Panendoscopy and abdominal ultrasound were done to
exclude esophagitis, peptic ulcer, pancreatitis or other organic
diseasesin all gallstone patients. After an overnight fast, the
fasting gallbladder volume was measured ultrasonographically
three times within 5 min, with the subjects lying supine or
turned partially on their sides. The gallbladder volume was
estimated using areal-time ultrasound system (MK-500, ATL,
Bothell, WA) with a 3.5-MHz transducer. The largest
longitudinal and transverse gallbladder images were recorded.
The gallbladder volume was cal culated using the computerized
sum-of-cylinders method as described by Hopman et all*.
Then, the gallbladder volume was again measured after the
patient drank 500 mL of normal saline at room temperature
within a 2-min period. Measurement was made at 5 min
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intervals for thefirst 30 min, then at 10 min intervals between
30 to 90 min after drinking. On the next day, we serially
measured gallbladder volumes after the patients ate afatty meal
(fried egg cake) containing protein 9.32 g, fat 20.3 g and
carbohydrate 14.4 g, 277.58 Kcal, followed by 100 mL of
water. After the measurements, the gallstone patients with
dyspepsia underwent laparoscopic cholecystectomy and were
monitored in the outpatient department at least for 1 yr after
surgery. These patients were alocated to 2 groups according
to cholecystectomy outcomes. Forty patients (group |) were
symptom freeor had improved symptoms after chol ecystectomy.
Twenty-two patients (group Il) complained of persistent
dyspepsia after cholecystectomy, with the same symptoms as
their preoperative symptoms. Thereafter, we analyzed and
compared the differences among the three patient groups
(groups 1, 11 and controls) for fasting gallbladder volume,
volume changes and ejection fraction in response to gastric
distension and fatty meal.

The fagting gallbladder volume was cal cul ated asthe mean
of three valuesbefore meal intake. The postprandial gallbladder
volume was expressed as a percentage of the fasting volume.
Results are expressed as mean+SE. Statistical analyses were
performed using Statistical Package for the Social Sciences
(SPSS) software. Comparisons among the three groups were
analyzed using the c? test. Differences between means were
considered significant at P<0.05.

RESULTS

Patient characteristics are shown in Table 1. The fasting
gallbladder volume tended to be larger in the two groups of
patientswith gallstonesthan in healthy volunteers during either
test (Table 1).

Table 1 Characteristics of subjects (c? test)

Normal Group | Group Il P value
(n=10) (n=40) (n=22)
Age, (yr) 61.2+12.3 59.5+15.1 62.5+13.4 NS
Sex (M:F) 4:6 14:26 9:13 NS
Weight (kg)  60.945.7 59.8+13.8 57.61£9.8 NS
BMI 27.8+3.8 24.8+4.7 24.4+5.7 NS
Fasting 26.317.4 32.6+14.1 33.9+10.7 <0.05

gallbladder volume (mL)

BMI, body mass index. P<0.05 was considered stastistically
significant.

In normal volunteers and group Il gallstone patients after
drinking 500 mL normal saline, the gallbladder volume did
not significantly change from the basal fasting level throughout
the 90-min observation period (Figure 1). In contrast, in group
| patients, within 5 to 25 min after drinking 500 mL of normal
saline, there was a significant decrease in the gallbladder
volume from the basal fasting volume (P<0.05) (Figure 1).
The gallbladder volume change (10-20 min) in group | patients
was significantly larger than that in healthy volunteers and
group Il patients (P<0.05) (Figure 1).

After the fatty meal, there were significant decreases in
gallbladder volume in healthy volunteers and the two groups
of gallstone patients throughout the 90-min study period
(Figure 2). Group | patients had larger gallbladder volume
changes (P<0.05) than the other two groups during the early
phase (10-50 min) of testing, the lowest residual volume was
detected at the 40" min. We also found that the gallbladder
volume change was significantly smaller (P<0.05) in group |1
during the early phase (10-40 min) than in healthy volunteersin

response to fatty meal (Figure 2). The gection fraction was
significantly greater (P<0.05) in group | than the other two
groups 10-50 min after the fatty meal (Figure 3).
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Figure 1 Gllbladder volume change after ingestion of 500 mL
of normal saline (N.S.) in healthy volunteers (normal controls,
n=10), group | (symptom free or symptom improved after
cholecystectomy) (n=40) and group Il (persistent dyspepsia af-
ter cholecystectomy) (n=22) gallstone patients. Values are
mean+SE (c? test). ®P<0.05: significant volume change from
fasting gallbladder volume. °P<0.05: significant difference
among three groups (group | vs normal group and group Il
patients).
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Figure 2 Gallbladder volume change after fatty meal in healthy
volunteers (normal, n=10), group | (Ssymptom free or symp-
tom improved after cholecystectomy) (n=40) and group Il
(persistent dyspepsia after cholecystectomy) (n=22) gallstone
patients. Values are mean+SE (c? test). 2P<0.05: significant
difference between normal group and group Il. °P<0.05: sig-
nificant differences among three groups (group | vs normals
and group Il patients).
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Figure 3 Ejection fraction of gallbladder in healthy volunteers
and gallstone patients after oral fatty meal. Values are meanSE
(c? test). 2P<0.05: significant difference between group Il
(persistent dyspepsia after cholecystectomy) and normal group.
P<0.05: significant differences among three groups (group |
vs normal group and group I1).
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DISCUSSION

It is clear that complicated gallstone diseases, such as acute
cholecystitis, obstructive jaundice, gallstone pancreatitis and
severe biliary pain, are good indications for cholecystectomy.
With the technical improvements in laparoscopic surgery,
many patients with uncomplicated gallstone disease termed
gallstone dyspepsia underwent |aparoscopic cholecystectomy
for only mild gastrointestinal symptoms such as postprandial
flatulence, bloating or belching. However, the benefit of
cholecystectomy for gallstone patients with dyspepsia has
remained debatable*®. Only about one half of patients were
symptom free after cholecystectomy!*"*#, About 20-30% of
cholecystectomized patients still complained of dyspepsia,
which might have been associated with preoperatively
undiagnosed functional gut diseases unrelated to gallstones?“.
Because gallstone dyspepsia and functional dyspepsia had
coexisting symptoms, it isdifficult to differentiate them based
on dyspeptic symptoms®. In order to avoid unnecessary
cholecystectomies, it isimportant to ascertain preoperatively
that the symptoms of gallstone patientswith dyspepsiaaretruly
caused by gallstones.

Even with numerous studies, the mechanisms underlying
gallstone dyspepsia could not be completely explained!®,
Someinvestigators believed that dyspepsiawas associated with
functional gut diseases such asantroduodenal reflux and irritable
bowel syndrome, rather than with gallstone disease!**2,
However, Johnson!?! suggested that an association existed
between flatulent dyspepsia and gallbladder disease, although
it had no direct relationship. In the past, the majority of literature
focused on the pathogenesis of gallstone formation rather than
on the association of gallbladder motility and clinical
symptoms. Using different techniques, investigators showed
decreased’®*, normal’® or even increased® gallbladder
contractility compared to normal controls. Moreover, it has
been postulated that two distinct subgroups of gallstone patients
could be identified with regard to gallbladder emptying,
including strong and weak contractorg?29, Perhaps the mild
abdominal symptoms were related to abnormal gallbladder
motility. We identified two distinct groups of patients with
gallstones and dyspepsiain terms of gallbladder contractility.

In our study, patients with gallstones and dyspepsia had
significantly larger fasting gallbladder volumes, which were
similar to a previous report!?. The symptoms experienced in
gallstone patients were traditionally believed to arise from
gallbladder spasm, and normal gallbladder contractility was
thought to be a prerequisite for the development of symptoms.
Heaton reported that gall stones were prone to cause symptoms
in younger patients and cited the explanation that younger
people perhaps had stronger gallbladder contractions®”. We
also found that group | patients had larger gallbladder volume
changes and stronger gallbladder contractions during the early
phase of observation in response to 500 mL of normal saline
and fatty meals, although there was no significant difference
in age among them. We found that in group | patients,
symptoms improved after cholecystectomy, that is, patients
who had stronger gallbladder contractionsin responseto gastric
distension and fatty meal benefited from cholecystectomy.
However, group Il patients with impaired gallbladder
contractility did not benefit from cholecystectomy becausetheir
symptoms were perhaps unrelated to gallbladder motility.

In 1979 Debas et al found that antral distension initiated a
cholinergic pyloro-cholecystic reflex causing gallbladder
contraction in dogs?.. Intact vagus nerves and cholinergic
pathways were required for this reflex. Vagal stimulation via
mechanoreceptors in the stomach initiated gallbladder
contraction independently of meal composition’?®. Y amamura
et al found that gastric distension following ingestion of

400 mL of water induced a maximum gallbladder evacuation
of 25%, compared with a maximum gallbladder contraction
of 44% after ingestion of fatty meal in humang®. However,
in our study, the gallbladder response to gastric distension
following ingestion of 500 mL of normal saline in healthy
volunteersand group |1 gallstone patients was not significantly
different from fasting gallbladder volumes. Ingroup | gallstone
dyspepsia patients, after drinking 500 mL of normal saline,
the lowest gallbladder residual volume (13%) occurred at
15 min, with progressive recovery to the fasting volume
thereafter. This saline water induced gallbladder early net
emptying most prominently between 5 and 25 min in group |
patients. In contrast, after fatty meal, there were significant
decreases in gallbladder volumes both in healthy volunteers
and the two groups of gallstone patients throughout the study
period. The group | gallstone patients had the largest
gallbladder volume change at the 40" min of the study. The
gjection fraction was significantly increased in group | patients
compared to the other two groups 10-50 min after fatty meal,
but not thereafter.

Our study showed that gallbladders of group | gallstone
dyspepsia patients had greater motility than those of normal
individuals and group |1 patients in response to both gastric
distension and fatty meal, which isimportant for elucidating
the pathophysiology of gallstone dyspepsia. To our knowledge,
these findings have not been previously reported. The greater
motility might have been caused by hypersensitivity of the
gallbladder wall to neural stimuli and hormone or by increased
serum hormone levels in patients with gallstone dyspepsia.
We do not know if gallbladder hypermotility precedes the
development of gallstones, accompanies their devel opment
or isarelatively late sequel of their appearance. The finding
that not all gallstone patients have gallbladder hypermotility
also suggests there may be mechanisms for hypermotility
other than the gallstones themselves. The primary mechanism
is still debated and may indeed differ among individual
patients. The gallbladder hypermotility phenomenon requires
further studies.

In our study, more patients (34%) did not benefit from
cholecystectomy than those in other studies (20-30%). We
consider that the difference in the study populations may
explain this phenomenon. Previous studies included more
patients with acute chol ecystitis or severe biliary pain who are
better candidates for cholecystectomy!?4. The patientsin our
study were selected because of their relatively mild symptoms
of postprandial distresswithout fever, chills, transient jaundice
or severe biliary pain. Thisis one reason that might explain
why others reported better cholecystectomy results.

Most studies of gallbladder motility in the presence of
gallstones have shown impaired gallbladder contractility. Thus,
our findings have also been noted by others??%, Our study
indicated that increased gallbladder contraction was the
prerequisite for the development of dyspepsia symptoms.
Previous studies included more asymptomatic patients with
decreased gallbladder contractions in response to gastric
distension and fatty meals.

Increased gallbladder contractility in patientswith gallstone
dyspepsia may be useful in identifying patients with atypical
mild symptoms or possibly with early acalculous cholecystitis.
The studies we conducted were noninvasive, inexpensive and
within the capability of conducting ultrasonography in modern
hospitals. The findings of promptly increased gallbladder
contractility in response to intake of 500 mL of normal saline
and fatty meal may lend support to including gallbladder
contractility sudiesas part of the dyspepsiadifferential diagnosis.

Postprandial gallbladder volume changes and relative
gjection fraction, determined sonographically, seem to be able
to discriminate gallstone dyspepsiafrom functiona dyspepsia.
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In clinical practice, this type of diagnostic study may help to
determine the appropriate treatment for gallstone patients
with dyspepsia.

REFERENCES

1

10

11

12

13

14

Barbara L, Camilleri M, Corinaldesi R. Definition and investiga-
tion of dyspepsia. Consensus of an international ad hoc working
party. Dig Dis Sci 1989; 34: 1272-1276

Ure BM, Troidl H, Spangenberger. Long-term result after
laparoscopic cholecystectomy. Br J Surg 1995; 82: 267-270

Borly L, Anderson IB, Bardram L. Preoperative prediction model
of outcome after cholecystectomy for symptomatic gallstones.
Scand J Gastroenterol 1999; 34: 1144-1152

Gui GP, Cheruvu CV, West N. Is colecystectomy effective treat-
ment for symptomatic gallstones? Clinical outcome after long-
term follow up. Ann R Coll Surg Engl 1998; 80: 25-32
Muszynski J, Sieminska J, Zagorowicz. Comparison of clinical
features of cholecystolithiasis and functional dyspepsia. Med Sci
Monit 2000; 6: 330-335

Heikkinen M, Pikkarainen P, Takala J, Rasanen H, Julkunen R.
Etiology of dyspepsia: four hundred unselected consecutive pa-
tients in general practice. Scand J Gastroenterol 1995; 30: 519-523
Koch M, Caparso G. Functional dyspepsia: how could a biliary
dyspepsia sub-group be recognized ? A methological approach.
Ita J Gastroenterol 1996; 28: 261-268

Crean GP, Holden RJ, Knill-Jones RP. A database on dyspepsia.
Gut 1994; 35: 191-202

Kang JY, Yap I, Gwee KA. The pattern of functional and organic
disorders in an Asian gastroenterological clinic. J Gastroenterol
Hepatol 1994; 9: 124-127

Berstad A, Hausken T, Gilja OH. Imaging studies in dyspepsia.
Eur J Surg Suppl 1998; 582: 42-49

Pomeranz IS, Shaffer EA. Abnormal gallbladder emptying in a
subgroup of patients with gallstones. Gastroenterology 1985; 88:
787-791

Fan Y, Dou YL, Dai XZ. Gallbladder hypokinesia in patients with
functional dyspepsia. Chin Nat J New Gastroenterol 1996; 2(Suppl
1): 114

Thompson JC, Fried GM, Ogden WD. Correlation between re-
lease of cholecystokinin and contraction of the gallbladder in
patients with gallstones. Ann Surg 1982; 195: 670-676

Zhu XG, Greeley GH, Newman J. Correlation of in vitro mea-
surement of contractility of the gallbladder with in vivo
ultrasonographic findings in patients with gallstones. Surg
Gynaecol Obstet 1985; 161: 470-472

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Hopman WP, Brouwer WF, Rosenbusch G. A computerized
method for rapid quantification of gall bladder volume from real-
time sonograms. Radiology 1985; 154: 236-237

Paul A, Troidl H, Gay K. Dyspepsia and food intolerance in symp-
tomatic gallstone disease. Does cholecystectomy help? Chirurg
1991; 62: 462-466

Ros E, Zambon D. Postcholecystectomy symptoms> a prospec-
tive study of gallstone patients before and two years after surgery.
Gut 1987; 28: 1500-1504

Johnson AG. Cholecystectomy and gallstone dyspepsia-clinical
and physiological study of a symptom complex. Ann Royal Coll
Surg Engl 1975; 56: 69-80

Egbert AM. Gallstone symptoms. Myth and reality. Postgrad Med
1991; 90: 119-126

Talley NJ. Gallstones and upper abdominal discomfort. Inno-
cent bystander or a cause of dyspepsia? J Clin Gastroenterol 1995;
20:182-183

Howard PJ, Murphy GM, Dowling RH. Gallbladder empty-
ing patterns in response to a normal meal in healthy subjects
and patients with gallstones: ultrasound study. Gut 1991; 32:
1406-1411

Fisher RS, Stelzer F, Rock E. Abnormal gallbladder emptying in
patients with gallstones. Dig Dis Sci 1982; 27: 1019-1024
Shaffer EA, McOrmond P, Duggan H. Quantitative
cholescintigraphy: assessment of gallbladder filling and empty-
ing and duodenogastric refluj. Gastroenterology 1980; 79: 899-906
Van Berge Henegouwen GP, Hofman AF. Nocturnal gallblad-
der storage and emptying in gallstone patients and healthy
subjects. Gastroenterology 1978; 75: 879-885

Maudgal DP, Kupfer RM, Zentler-Munro PL. Postprandial gall-
bladder emptying in patients with gallstones. BMJ 1980; 280:
141-143

van Erpecum KJ, van Berg Henegouwen GP, Stolk MFG. Fast-
ing gallbladder volume, postprandial emptying and cholecysto-
kinin release in gallstone patients and normal subjects. J Hepatol
1992; 14: 194-202

Heaton KW, Braddon FE, Mountford RA. Symptomatic and si-
lent gall stones in community. Gut 1991; 32: 316-332

Debas HT, Yamagishi T. Evidence for a pyloro-cholecystic re-
flex for gallbladder contraction. Ann Surg 1979; 190: 170-175
Froehlich F, Gonvers JJ, Fried M. Role of nutrient fat and chole-
cystokinin in regulation of gallbladder emptying in man. Dig Dis
Sci 1995; 40: 529-533

Yamamura T, Takahashi T, Kusunoki M. Gallbladder dynam-
ics and plasma cholecystokinin responses after meals, oral water,
or sham feeding in healthy subjects. Am J Med Sci 1988; 295:
102-107

Edited by Wang XL Proofread by Zhu LH



