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Correlation between gall bladder fasting volume and
postprandial emptying in patients with gall stones
and healthy controls

J Pauletzki, M Cicala, J Holl, T Sauerbruch, A Schafmayer, G Paumgartner

Abstract
To evaluate whether the extent ofpostprandial
gall bladder emptying is correlated with gall
bladder fasting volume, gail bladder motility
was studied in 56 patients with cholesterol gall
stone and 19 control patients. Gall bladder
volumes were determined sonographicaily,
while cholecystokinin plasma values were
measured radioimmunologicaliy. Twenty
three per cent of gail stone patients were
classified as pathological contractors (residual
fraction >mean +2SD of controls) and 77% as
normal contractors. Normal but not patho-
logical contractor patients exhibited larger gall
bladder fasting volumes (mean (SEM)) (24-7
(1.7) ml) than controls (15.3 (1.2) ml, p<O001).
In normal contractor patients and controls
fasting volume was closely related with ejec-
tion volume (r=0.97, p<0001) and residual
volume (r=0.80, p<0001). Although ejection
volume was enlarged in normal contractor
patients it did not compensate the increase in
fasting volume. Thus, residual volumes were
considerably increased not only in pathological
contractors (12.7 (2.5) ml, p<0 001) but also in
normal contractor patients (7.0 (0.5) v 4-6 (0.6)
ml, p<0001). Postprandial cholecystokinin
secretion did not differ between patients and
controls. It is concluded, that in normal con-
tractor patients gall bladder fasting volume is
closely correlated with ejection and residual
volume. Thus, fastingvolume may be an essen-
tial factor affecting postprandial gail bladder
emptying. Large fasting volumes in cholesterol
gall stone disease could thereby contribute to
bile retention, which facilitates gall stone
growth.
(Gut 1993; 34: 1443-1447)
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The importance of gall bladder motility in the
debate on the various causes of gall stones in
humans is still to be determined.' Convincing
evidence exists that impaired gall bladder motor
function is an important determinant of gall
stone formation during longterm parenteral
nutrition,2 pregnancy,3 somatostatinoma,4 and
somatostatin treatment.5 Applying different
techniques in small or highly selected groups of
gall stone patients, different investigators
reported decreased,"'" normal,'"'7 or even

increased" gall bladder emptying by comparison
with healthy controls. Moreover, it has been
postulated that two distinct subgroups of gall
stone patients can be identified with regard to gall
bladder emptying (normal contractors, patho-
logical contractors), who may differ with respect
to gall stone pathogenesis.4 1920 In addition,

recent reports suggest that gall stone patients
may be characterised by enlarged fasting
volumes.9 "119
We therefore speculated that gall bladder

fasting volume might be an essential factor in the
regulation of gall bladder motility. To evaluate
whether gall bladder motor function is correlated
with gall bladder fasting volume we studied the
relation between fasting volume and postpran-
dial emptying as well as postprandial cholecys-
tokinin (CCK) secretion in a large group of
cholesterol gall stone patients and healthy sub-
jects. Gall stone patients were divided into
normal and pathological contractor patients to
show different aspects of changed gall bladder
motility in these groups compared with controls.

Patients and methods

PATIENTS
Gall bladder motility was assessed in 56 patients
with radiolucent gall stones and 19 healthy
controls. Both groups did not differ with regard
to clinical characteristics (Table I). All gall stone
patients were evaluated in our outpatient clinic
for indications of gall stone treatment. Twenty
three patients (41%) suffered from biliary pain,
while the other 33 patients (59%) had no biliary
symptoms. No patient presented with clinical or
laboratory signs of biliary complications. To
allow a valid motility investigation to be done the
patency of the cystic duct was proved by
opacification of the gall bladder on oral
cholecystogram. Total stone volume (2[4TrJr/3
with ri=half of largest diameter of each stone on
ultrasound) was 19 (2)% of gall bladder fasting
volume. In all subjects the gall bladder wall and
common bile duct was normal when exam-
ined by ultrasound. No patient had any history of
disease or operations known to affect gall bladder
motility or took any drugs. Informed consent was
obtained from all patients and healthy subjects
and the study protocol was approved by the
ethics committee of the Medical Faculty of the
University of Munich.

GALL BLADDER EMPTYING
Gall bladder volumes were determined sono-
graphically (curved array transducer 3 5 MHz,
CS 9000, Picker International, Germany) and
calculated according to the sum of cylinders
method.2' Intraindividual variation of gall
bladder volume measurements was less than 5%.
Gall stone patients and controls were studied
between 8 am and 10 am after an overnight fast.
Fasting volumes were determined at times - 15,
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TABLE I Characteristics ofgall stone patients and controls

Gall stone patients
Normal Pathological
contractors contractors All Controls

No 43 13 56 19
Sex (f/r) (%) 79/21 69/31 77/23 58/42
Age (y) 46 (2) 42 (4) 46 (2) 41 (3)
BMI (kg/m2) 25 4 (0-6) 23-2 (0-9) 25-0 (0 5) 23-1 (0 6)
BSA (m2) 1-77 (0 03) 1-72 (0 05) 1-76 (0 02) 1-78 (0 04)
Stone number 1-7 (0 2) 1-6 (0 3) 1-7 (0 2)
Size of largest stone (mm) 17 (1) 19 (1) 17 (1)
Biliary pain (% patients) 47 23 41

BMI: body mass index, BSA: body surface area. Clinical characteristics did not differ significantly
between groups. Mean (SEM).

as described previously.22 Antibody G120 was
directed against the sulfated tyrosyl group of
CCK. Cross reaction with sulfated gastrin was
less than 2%. Synthetic CCK8 was used as
standard (Squibb, Germany), '25J-Bolton-Hunter
labelled synthetic CCK8 as tracer.

Results are expressed as basal plasma values
(CCKbaS) (pM), maximal CCK levels (CCKmax)
(pM), and the integrated CCK secretion given by
the area under the CCK-CCKbjtime curve
during 90 minutes postprandially. (CCK-AUC)
(pMx90 min).

-10, -5, and 0 minutes before the t
Postprandial gall bladder images were
30, 60, and 90 minutes after a standa
test meal (473 kcal, 10 g fat, 35 g prot
carbohydrates). No patient experience
pain during the motility study.

Results are expressed as fasting voluw
(ml) at times -15 (FV- 15), -10 (FV-
(FV-5) and 0 (FV) minutes before the
was given, residual volume (RV) (ml) c
the smallest postprandial volume, resic
tion (RF=RV/FV) (%), total ejectior
(EV=FV-RV) (ml), and ejection vc
minutes after the test meal (EV30) (ml)
ing to Pomeranz and Shaffer'4 patholoE
tractor patients were defined by a
fraction exceeding the mean of healthy
+2 SD.

CCK MEASUREMENTS
Heparinised blood samples were drawn
CCK plasma determinations before an
and 90 minutes after the liquid te
Aprotinin (500 E/ml) (Trasylol,
Germany) was added immediately. Aft
fugation (3000 g for 10 minutes) pla
frozen at - 30°C until radioimmunologi
mination of CCK. Plasma CCK conce
were measured with a specific radioimm

RV
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STATISTICS
Data were analysed by X2 test and one way or two
way analysis of variance (ANOVA) as appro-
priate. When multiple comparisons were per-
formed a Newman-Keuls procedure was subse-
quently applied. Correlations were evaluated by
linear regression (Pearson's correlation coeffi-
cient). Results were given as mean (SEM).
Differences between means were considered sig-
nificant at the p<005 value.

a volume Results
)lume 30 Gall stone patients were divided into two groups
. Accord- according to the reference range of the postpran-
gical con- dial residual fraction of the gall bladder obtained
residual from healthy controls (mean (2 SD): 30 (18%):
controls 43 patients (77%) were normal contractors and 13

patients (23%) pathological contractors. All gall
bladder motility parameters did not show an
obvious bimodal distribution but a gradual
transition from normal to pathological values.

on ice for Fasting volumes ofthe gall bladder obtained at
Id 30, 60, times -15, -10, -5, and 0 minutes before the
~st meal. test meal did not vary significantly in gall stone

Bayer, patients (23-7 (1-5) ml, 23-8 (1'5) ml, 23'4 (1-4)
:er centri- ml, 23-6 (1-5) ml) or in controls (15-2 (1-2) ml,
isma was 16-0 (1-5) ml, 15-4 (1'3) ml, 15-3 (1'2) ml). The
ical deter- larger fasting volume, which was seen in gall
ntrations stone patients, was specifically characteristic of
unoassay gall stone patients classified as normal contractor

patients (Fig 1). Fasting volume correlated
closely with ejection volume in normal contractor
patients (r=0-97, p<0-001) and controls
(r=-97, p<0-001). Also, for both groups com-
bined, the same close correlation was obtained

o001 between fasting volume and ejection volume
(r=0-97, p<0-001) (Fig 2). Although the ejec-
tion phase lasted longer in normal contractor
patients (Fig 3), a similar relation existed already
between fasting volume and 30 minute ejection
volume (r=0-92, p<0001). Combining normal
contractor patients and controls fasting volume
was also directly related to residual volume
(r=0-80, p<0-001) (Fig 4). In gall stone
patients fasting volume did not depend on any
parameter of body size, whereas in controls
fasting volume was slightly related to body
weight (r=0-64, p<001) and body surface area
(r=0-56, p<0-01). Healthy controls showed
rapid gall bladder emptying within the first 30
minutes postprandially followed by subsequent

Controls refilling. By contrast, normal contractor patients
a standard showed a prolonged emptying phase and a later
tractor onset of refilling (Fig 3). Normal contractor

patients exhibited a total ejection volume 70%

FV

p < 0-001
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Figure 1: Fasting volume (FV) and residual volume (RV) ofthe gall bladder after
liquid test meal in gall stone patients (norinal (n=43) and pathological (n= 13) con
patients) and controls (n= 19). Mean (SEM).
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Figure 2: Correlation offasting volume (FV) ofthe gall bladder and postprandial ejection
volume (EV) in normal contractor gall stone patients (a) and controls (0). Pathological
contractor patients shown by (-).
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larger than in controls. Thirty minute ejection
volumes were significantly increased in normal
contractor patients compared with controls
(Table II). Furthermore, gall stone patients were
characterised by a larger postprandial residual
volume (Table II). In normal contractor patients
the residual volume was increased by nearly 50%
compared with controls, whereas pathological
contractors showed even larger residual volumes
(Fig 1).
Normal and pathological contractor patients as

well as controls did not differ with regard to
either basal or maximal postprandial CCK
plasma values or integrated CCK secretion
(Table III)
Although 47% of normal contractor patients

but only 23% of pathological contractor patients
reported episodes of biliary pain, this trend did
not reach statistical significance (Table I).

Discussion
This study shows a close correlation of gall
bladder fasting volume with postprandial ejec-
tion and residual volume in healthy subjects and
gall stone patients with normal gall bladder con-
tractility. Thus, fasting volume may be an essen-
tial factor of gall bladder motility affecting

)rs postprandial emptying.
Normal contractor gall stone patients exhib-

ited an appreciably increased fasting volume of
the gall bladder, which was independent of stone
volume. Only normal contractor patients, how-
ever, showed an enlarged mean fasting volume
whereas pathological contractor patients did not.
As it has been shown that in healthy subjects
fasting volume is slightly related to body surface
area and weight,23 we carefully matched patients
and controls for clinical characteristics (Table I).
Furthermore, fasting gall bladder volume can
vary up to 20% because of a small short term

ter contraction and subsequent refilling associated
with late phase II of the gastroduodenal migrat-
ing motor complex.24 As, in our study, fasting
volumes did not differ throughout a 15 minute
period before the test meal was given, we assume
that they were in a steady state at the start of the
motility examination. Increased fasting volumes
have been reported during pregnancy,3 after
treatment with ursodeoxycholic acid,925 26
chenodeoxycholic acid,26 somatostatin,24 CCK
antagonists,27 neurotensin,2t atropine,29 and after

o truncal vagotomy.3t Nevertheless, further
studies are required to identify the mechanism of
enlarged fasting volumes in gall stone patients.

In addition to other studieS89 1 219 reporting
increased postprandial residual volumes of the
gall bladder in gall stone patients, we showed that
not only pathological contractor patients but also

>85 normal contractor patients exhibit distinctly
larger residual volumes than controls. This

L retention of bile in the gall bladder in most gall
65 stone patients may facilitate the nucleation of

cholesterol crystals and stone growth. Whereas
increased residual volumes may be the final
consequence of changed gall bladder motility in
cholesterol gall stone disease the results of our
study point to different underlying mechanisms
in various subgroups of patients. In pathological
contractor patients without cholecystitis
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Figure 3: Residual fraction (RF) of the gall bladder before and 30, 60, and 90 minutes af
a standard liquid test meal in gall stone patients (normal (n=43) and pathological (n= 13)
contractor patients) and controls (n= 19). Mean (SEM), *p<0.05 with controls.
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TABLE II Gall bladder emptying after a standard liquid test meal in gall stone patients and controls

Gall stone patients

Normal Pathological
contractors contractors All Controls p Values
n=43 n=13 n=56 n=19
(1) (2) (3) (4) (1-2) (1-4) (2-4) (3-4)

FV (ml) 24-7 (1-7) 19-6 (2 5) 23-6 (1-5) 15-3 (1-2) NS p<0001 NS p<0001
RV (ml) 7 0 (0 5) 12-7 (1-5) 8 3 (0-6) 4-6 (0 6) p=0-02 p=0-02 p<0001 p=0-002
RF (%) 29 (1) 69 (6) 38 (3) 30 (2) p<0001 NS p<0001 p=003
EV(ml) 17-7(1-3) 6-9(1-8) 15-2(1-2) 10-7 (0-8) p<0001 p=0001 NS p=001
EV' (ml) 14-9(1-2) 4-8(1-2) 12-5(1-1) 10-6 (08) p<0001 p=0-02 p<0001 NS

FV=fasting volume, RV=residual volume, RF=residual fraction, EV=total ejection volume, EV,0= 30 minute ejection volume, Mean
(SEM), NS=not significant.

impaired gall bladder emptying seems to be
based on a functional defect of the gall bladder
smooth muscle that is different from inflamma-
tion or fibrosis.3' On the other hand, in normal
contractor patients enlarged residual volumes of
the gall bladder are closely correlated with
increased fasting volumes suggesting that expan-
sion of the fasting volume may be an essential
event during the formation and growth of gall
stones. Prospective studies of subjects with large
gall bladder fasting volumes are required to
identify this finding as a risk factor or early
indicator of gall stone formation.

Specifically, the correlation between gall
bladder fasting volume and 30 minutes ejection
volume suggests a physiological mechanism by
which the gall bladder can eject greater bile
volumes as fasting volumes increase. Theoreti-
cally, the distension of the gall bladder wall may
either change the sensitivity to CCK and neural
stimulation or may improve muscular contrac-
tion in a way similar to the Starling mechanism of
the heart.32 Such an analogous mechanism is
particularly interesting, as smooth muscle cells
differ in many aspects from heart or skeletal
muscle.33 In support of this hypothesis Ryan and
Cohen3' showed in the opossum, that the pres-
sure increments induced by CCK were increased
at larger gall bladder volumes. Moreover, guinea
pig gall bladder smooth muscle showed a length
dependency of isometric stress in response to
acetylcholine stimulation in vitro.35 Our clinical
data support the assumption of a comparable
physiological characteristic in man. This mecha-
nism, however, could not enhance ejection
volume as much as it would be necessary to
compensate for the increment in fasting volume.
Thus, fasting volume also correlated directly
with residual volume in normal contractors. As
bile viscosity' and sphincter of Oddi and
common bile duct pressures37 do not differ
between gall stone patients and controls an

TABLE III Cholecystokinin plasma values in response to a standard liquid test meal in gall
stone patients and controls

Gall stone patients

Normnal Pathological
contractors contractors All Controls
n=43 n=13 n=56 n=19

CCK,, (pM) 0-8 (0 1) 0-8 (0-1) 0-8 (0 1) 0-8 (0-1)
CCK,., (pM) 5-8 (0-4) 5-5 (0 4) 5-7 (0-5) 5 1 (0 5)
CCK-AUC (pM x90 min) 221 (13) 242 (30) 226 (12) 184 (14)

CCK,,, =basal CCK concentration, CCK.,_=maximal CCK concentration, CCK-AUC=area under
the CCK-CCK,., concentration/time curve for 90 minutes. No significant differences were obtained
between any groups with regard to any given parameter. Mean (SEM).

enhanced ejection volume in normal contractors
is unlikely to result from diminished outflow
resistance.
Comparing postprandial CCK release in gall

stone patients with and without impaired gall
bladder emptying and healthy subjects no signifi-
cant differences were obtained. These results
show that changes in gall bladder motor function
in gall stone patients are not associated with a
modification of CCK secretion. Based on acute
experiments it was proposed that bile influx into
the duodenum may inhibit stimulated CCK
secretion.38 Consequently, non-contractor
patients should secrete moreCCK postprandially
than normal contractor patients.'920 Our data
suggest, however, that in a chronic steady state of
impaired gall bladder emptying such a phenome-
non is not found or is at least overcome by
adaptive mechanisms. Accordingly stimulated
CCK plasma values are neither changed several
weeks after cholecystectomy39 nor do they differ
between patients with chronic bile duct obstruc-
tion and healthy controls. o

We conclude, that in normal postprandial gall
bladder emptying, ejection volume and residual
volume are closely correlated with fasting
volume. Thus, fasting volume seems to be an
essential factor affecting physiological gall
bladder motility. Differences in fasting volume
between groups will therefore require special
consideration in future studies evaluating gall
bladder emptying. In gall stone patients two
different mechanisms, an insufficient physio-
logical mechanism to cope with larger gall
bladder volumes in normal contractor patients
and an impaired gall bladder muscle function in
pathological contractor patients, led to nearly a
50% increase in mean postprandial residual
volume.
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