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Abstract

AIM: To study the pathophysiological significance of
gallbladder volume (GBV) and ejection fraction chang-
es in gallstone patients.
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METHODS: The fasting GBV of gallstone patients with
acute cholecystitis (7 = 99), chronic cholecystitis (7 =
85) and non-gallstone disease (7 = 240) were measured
by preoperative computed tomography. Direct saline
injection measurements of GBV after cholecystectomy
were also performed. The fasting and postprandial GBV
of 65 patients with gallstones and chronic cholecystitis
and 53 healthy subjects who received health examina-
tions were measured by abdominal ultrasonography.
Proper adjustments were made after the correction fac-
tors were calculated by comparing the preoperative and
postoperative measurements. Pathological correlations
between gallbladder changes in patients with acute cal-
culous cholecystitis and the stages defined by the Tokyo
International Consensus Meeting in 2007 were made.
Unpaired Student’s ¢ tests were used. P < 0.05 was
deemed statistically significant.

RESULTS: The fasting GBV was larger in late stage
than in early/second stage acute cholecystitis gallblad-
ders (84.66 + 26.32 cm’, 7 = 12, vs 53.19 + 33.80 cm’,
n = 87, P = 0.002). The fasting volume/ejection fraction
of gallbladders in chronic cholecystitis were larger/lower
than those of normal subjects (28.77 + 15.00 cm® vs 6.77
+ 15.75 cm’, P < 0.0001)/(34.6% % 10.6%, n = 65, vs
53.3% + 24.9%, n = 53, P < 0.0001).

CONCLUSION: GBV increases as acute cholecystitis
progresses to gangrene and/or empyema. Gallstone for-
mation is associated with poorer contractility and larger
volume in gallbladders that contain stones.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gallbladder volume (GBV) can reflect clinical and thera-
peutic implications, physiological and functional status,
and possibly pathophysiological mechanisms of gallstone
diseases. In 1880, Courvoisier and Terriet’s law stated that
large painless, palpable gallbladder was mostly due to ma-
lignant obstruction of the bile duct''. In 1963, Maingot
found that tensely swollen, tendetly palpable gallbladder in
acute cholecystitis was due to stone impaction in the cys-
tic duct”. In 1989, Masclee noted, in one third of patients
with cholesterol gallstones, increased GBV and delayed
gallbladder emptying were present at the postprandial
phasep"sl. In 2000, Portincasa demonstrated in a compara-
tive study that patients with cholesterol gallstones showed
significantly larger fasting volume and postprandial vol-
ume of gallbladders than did controls and patients with
pigment stones at each time point during a 2-h studym. He
proposed that larger GBV predisposes to bile stasis.

However, the differences and changes in GBV among
different age groups in non-gallstone subjects, and their
correlations with the formation of gallstones have not
been reported previously. Also, the correlations between
GBYV changes at different stages in the pathophysiological
development of acute cholecystitis in gallstone patients are
not clear. Furthermore, we wished to investigate the pos-
sible reciprocal correlation between GBV and gallbladder
contractibility.

The aims of this study were to study the pathophysi-
ological significance of gallbladder volume and ejection
fraction changes in gallstone patients by comparing the
GBV among gallstone patients with acute cholecystitis,
chronic cholecystitis, contracted gallbladder and non-gall-
stone subjects, and by comparison between gallstone pa-
tients with chronic cholecystitis and non-gallstone subjects
with different ages and sex. Furthermore, to investigate the
correlations between gallbladder physiological changes and
the development of gallstones, we further investigated the
differences in gallbladder contractility between gallstone
patients with chronic cholecystitis and normal subjects.

MATERIALS AND METHODS

Between October 1, 2007 and September 30, 2008, 99
gallstone patients with acute cholecystitis, 85 gallstone
patients with chronic cholecystitis, and five patients with
gallbladder contraction were admitted to Chung Shan
Medical University Hospital to undergo cholecystectomy.

Diagnostic criteria
Acute cholecystitis: The clinical imaging findings of
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acute cholecystitis in abdominal ultrasonography include
thick gallbladder wall (> 3 mm), stones in the gallblad-
der, distended gallbladder with pericholecystic fluid, and
sonographic Murphy’s sign with tenderness over the
gallbladder from the ultrasound transducer. The patho-
logical features of acute cholecystitis include leukocyte
infiltration throughout the tissues, local flattening and
denuded mucosal folds, and tissue edema. If untreated
or treated late, localized regions of necrosis (gangrene)
or abscess formation (empyema) can be found.

Chronic cholecystitis: The pathological features of
chronic cholecystitis include subserosal fibrous tissues,
lymphocytes, plasma cells, macrophages found beneath
the columnar epithelium, and Rokitansky-Aschoff sinus
in the muscular layer.

Gallbladder contraction: Gallbladder contraction is
known to result from long-standing chronic cholecystitis.
Anatomical characteristics include severe adhesions and
complete coverage by greater omentum, severe pericho-
lecystic fibrosis, thickening of gallbladder walls (usually
thicker than 5 mm), loss of elasticity, obscure anatomy
at triangle of Calot, dense adhesions to the duodenum,
transverse colon and common hepatic duct, and small
GBYV (usually < 10 mL).

Non-gallstone controls: We randomly chose 240 pa-
tients who received abdominal computed tomography
(CT) for non-gallstone reasons between July 1, 2008 and
July 31, 2008.

Demographic data: The age, sex, associated diseases
and previous operations for all patients were recorded.
The procedures included preoperative CT measurement
of gallbladder diameter, and directly measured gallblad-
der diameter. Directly measured GBV by the saline-
filling method in patients with gallstones and acute and
chronic cholecystitis were also recorded. The CT mea-
surements of non-gallstone controls were also recorded.
The GBV was calculated from the gallbladder lengths
and short axis diameters by the equation shown below.

GBYV measurements and calculations: We measured
the lengths and short axis diameters of the fasting gall-
bladder of patients from their preoperative CT films,
measured the lengths and short axis diameters directly
after their removal in the operating room, and recorded
their lengths and short axis diameters measured by the
pathologist postoperatively. We then calculated the GBV
according to the equation: GBV (ecm®) = 4/3 X 1 X 1
X 12 X £3/cos0, where t1, 12 and 3 represent the three
greatest radii of the gallbladder ellipsoid and 0 is the
angle between the z axis of the gallbladder and the z axis
of the transverse cross sectional CT imaging,

We also measured directly the GBV after the gallblad-
ders were removed. After withdrawing the gallbladder
bile with a syringe, the volume of normal saline injected
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into the intact gallbladders was added to the volume of
gallbladder stones measured after opening the GB walls.
Comparing the GBV obtained by direct measurement
and calculations using the various techniques, correction
factors for different measuring methods were obtained
to modify the calculated GBYV, thus minimizing the mea-
surement bias.

Rationale for GBV equation™

The gallbladder is a pear-shaped organ located under
the liver, which stores bile. It can be approximated to an
ellipsoid shape. The volume of an ellipsoid can be ob-
tained as follows": Claim area for ellipse is m r1 r2: given
an ellipse /r1* + ¥*/r2* = 1. Since an ellipse is sym-
metric to the x and y axes, Area = 4["0 12 (1 - x°/r1%)"?
dx = 4r2/r1]" (r1°- x)"* dx. (Let x = rlsinf, then dx
= rlcosBdf, where -n/2 < 0 < 7/2) = 4r2/r1["% (r1°-
£1%in’0)' " rlcosd dO = 4r1r2["% cos0dO = 4r1r27%01/2
(1 + cos20) d0 = 2 £1r2 [0 + 1/2sin°0]""0 = 7 112 = >
For a slice of ellipse of the ellipsoid parallel to the yz
plane, the radius parallel to the z axis is g (z) = r1 (1 -
7*/¥3%)"?. Similarly, its radius parallel to the y axis is h (z)
=12 (1 - 72°/t3)"*. Thus, the volume V of the ellipsoid
=[P -sng@h@xdz=["-snrl (1-2/3)"72(1 -
2/ dz=n el 27 -6 (1-2/3) dz = el 12 [z -
2 /3377 - 5= 4/37 11123 #.

Correction factors for GBV

0: The gallbladder does not always lie in the same plane,
therefore, the measured GBV is corrected by multiplying
a correction factor 1/cos 0, where 0 is the angle between
the z axis of the gallbladder and the z axis of the trans-
verse cross sectional CT imaging and 0° < 0 < 90°.

¢ =0.82 = 0.40 (» = 65): CT measurement correction
factor = (Direct measurement calculated GBV)/(CT
measurement calculated GBV).

p = 0.85 * 0.42 (n = 65): Pathology measurement
correction factor = (Pathology measurement calculated
GBV)/(Direct measurement calculated GBV).

s = 0.88 £ 0.36 (# = 65): Shueh-Ding correction
factor = (Ditect injection measurement GBV)/(Direct
measurement calculated GBV).

Direct measurement GBV = Direct measurement cal-
culated GBV X 0.88 (s, Shueh-Ding correction factor).

u = 0.90 (# = 65): Ultrasound (US) measurement
correction factor = (Direct measurement calculated
GBV)/(US measurement calculated GBV).

Direct injection measurement GBV = Direct mea-
surement calculated GBV X s = CT measurement cal-
culated GBV X ¢s (cs = 0.72 = 0.82 X 0.88) = US mea-
surement calculated GBV X us (us = 0.79 = 0.9 X 0.88).

Substudy on gallbladder contractility: To investi-
gate and compare the gallbladder contractility between
patients with gallstones and chronic cholecystitis and
normal subjects, and the possible reciprocal correlation
between GBV and gallbladder contractility, we designed
and conducted a subsequent second study. Between Oc-
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tober 1, 2008 and June 30, 2009, we measutred the fast-
ing and postprandial GBV of 65 patients with gallstones
and chronic cholecystitis and 53 healthy subjects, by ab-
dominal ultrasonography.

Study protocol: Subjects came to the hospital after an
overnight fast.

They were reminded the night before the study not to
eat or drink after supper. Their adherence to this instruc-
tion was confirmed by performing a history taking to
make sure that the subjects did adhere to the investigator’
s instructions, including nothing by mouth after the previ-
ous suppet. Gallbladder size was determined in the fasting
state. The subjects then drank a standard liquid meal with
a total 420 kcal: 30% as fat, 15% as protein, and the rest as
carbohydrate. The postprandial gallbladder size was mea-
sured and GBV was calculated 90 min after the meal”.

Ultrasound technique: The abdominal sonography was
performed by the same investigator (Huang SM) with
techniques modified from the literature!”. The hand-held
transducer was placed in a sagittal longitudinal projection
in the right-upper quadrant and rotated until the largest
longitudinal dimension of the gallbladder was obtained
on the oscilloscope screen. The image was frozen, mea-
sured by electronic calipers, and photographed. The
transducer was then rotated 90° and the largest short axis
through the gallbladder was obtained. Occasionally, deep
inspiration was required, but all patients were successfully
examined. We used three dimensions - length, lateral and
antero-posterior diameters - to calculate the GBV, which
was modified empirically as described above.

The ejection fraction (EF) of the gallbladder was
calculated by the following equation: EF (%) = [Fasting
GBV (mL) - Postprandial GBV (mL)]/[Fasting GBV
(mL)] X 100.

Statistics: We compared the GBV measurements and
patient age using Student’s unpaired 7 test, and the y” test
to compare the sex differences. P < 0.05 was considered
statistically significant.

RESULTS

Demographic data

We found a male predominance in the acute cholecystitis
group and a female predominance in the chronic chole-
cystitis group: male/female (M/F) = 53/46 and 32/53,
respectively (P = 0.04 by Xz test). There was no sex dif-
ference between patients in the chronic cholecystitis
group and the non-gallstone group (M/F = 32/53 »s
117/123, P = 0.10). Thete was no age difference among
patients in the acute cholecystitis group, the chronic
cholecystitis group and the non-gallstone group (57 *
17 years, 53 £ 15 years and 54 + 18 years, P = 0.09 and
0.64, respectively). Associated diseases and previous op-
erations undergone for all patients and normal subjects
included cerebral vascular accident (3), diabetes mellitus
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Variables M/F Mean Mean GBV SD (cm’®) P-value
diagnosis age (yr) (cm®) (1) (95% CI")
Acute P53/46° 57+17  “57.00 41.20 0.0004°
Cholecystitis (99) (7.73-26.35)
Chronic 32/53 53+15 2877 15.00 <0.0001*
Cholecystitis (85) (8.14-15.86)
Contracted 44 +21 6.15 2.52
Gallbladder 1/4 ®)
Non-gallstone 54+18  “16.77 15.75

¥39/41 (240)

'95% CI of gallbladder volume (GBV) difference; °P value D vs E = 0.04,
between gender of acute and chronic cholecystitis; °P value A vs B: between
GBV of acute and chronic cholecystitis; ‘P value B vs C: between chronic
cholecystitis and non-gallstone subjects. SD: Standard deviation.

(4), pneumonia (1), hyperlipidemia (1), hypertensive
cardiovascular diseases (5), status/post exploratory lapa-
rotomy (2) and coronary artery disease (5) in the gall-
stones patients with acute cholecystitis; diabetes mellitus
(5) and manic-depressive psychosis (1) and status/post
gastrectomy/vagotomy (2) in the gallstones patients with
chronic cholecystitis; and liver tumor (2), liver cysts (5),
diabetes mellitus (9), hypertensive cardiovascular diseases
(10) and status/post exploratory laparotomy (5) in the
non-gallstone group. The GBV in the diabetic and non-
diabetic non-gallstone patients did not differ significantly
(1618 £ 2.79 cm’, 7 =9 5 16.79 £ 9.43 cm’, n = 231, P
= 0.85). The GBV in the s/p gastrectomy/vagotomy and
non-s/p gastrectomy/vagotomy, non-gallstone patients
did not differ significantly either (19.85 * 3.41 em’, 7 =
2 2516.74 £ 9.30 cm’, 7 = 238, P = 0.64). Thirty patients
in the acute cholecystitis group underwent laparoscopic
cholecystectomy. They comprised 30.3% (30/99) of the
acute cholecystitis patients. Seventy-seven patients in
the chronic cholecystitis group underwent laparoscopic
cholecystectomy. They comptised 90.6% (77/85) of the
chronic cholecystitis patients. The remaining 77 patients
underwent open cholecystectomy.

The fasting GBV in gallstone patients with acute
cholecystitis (#z = 99), chronic cholecystitis (7 = 85), gall-
bladder contraction (z = 5) and non-gallstone subjects (#
= 240) was 57.00 £ 41.20 cm’, 28.77 + 15.00 cm’, 6.15
+ 252 cm’ and 16.77 % 15.75 cm’, respectively (Table 1).
The average fasting GBV was larger in gallstone patients
with acute cholecystitis than that with chronic chole-
cystitis (P < 0.0001). In turn, the average fasting GBV
was larger in gallstone patients with chronic cholecystitis
than in non-gallstone subjects (P < 0.0001, Table 1).

In non-gallstone subjects, there was a significant dif-
ference in the fasting GBV between two age groups, i.e.
age < 20 years o5 20-40 years (6.33 + 2.75 em’, 7 =9
s 16.84 + 4.04 cm’, n = 35, P = 0.0070) and age 40-60
years o5 60-80 years (15.12 £ 7.55 cm’, # = 106 25 19.83
+9.99 cm’, #» = 81, P < 0.0003) (Table 2). The fasting

GBYV had a tendency to increase with age. In accordance
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Patients age  Incidence of Non-galistone P value
periods gallstone'

(n = 85) (%) Mean GBV (cm®) (7) SD (cm®)

Age <20 0 %6.33 (9) 2.75  0.007*
20 < Age < 40 15 "16.84 (35) 11.04 0.30
40 < Age < 60 425 €15.12 (106) 755  0.0003°
60 < Age < 80 425 °19.83 (81) 9.99 0.76
80 < Age 0 18.73 (9) 10.32

'P = 0.0027 by Fisher’s exact test; °P value A vs B: between Age < 20 and
20 < Age < 40; °P value C vs D: between 40 < Age < 60 and 60 < Age < 80.
GBV: Gallbladder volume; SD: Standard deviation.

Fasting, postprandial GBV (cm®), EF (%)

100

80 r

60 [ W EF_percent

L [] Postprandial_GBV

[ Fasting_GBV

40 -

20

0

GSCC NS

Figure 1 Histogram of the mean fasting, postprandial gallbladder volume
and ejection fraction in gallstone patients with chronic cholecystitis and
normal subjects, measured by abdominal ultrasonography. GBV: Gallbladder
volume; EF: Ejection fraction; GSCC: Gallstones with chronic cholecystitis; NS:
Non-stone.

with this tendency, the occurrence of gallstones with
chronic cholecystitis also increased with age (P = 0.0027
by Fisher’s exact test, Table 2).

In the second substudy, the average fasting/post-
prandial GBV in patients with gallstones and chronic
cholecystitis was 31.44 * 16.46 cm’/20.50 + 6.20 cm’.
The average gallbladder EF of patients with gallstones
and chronic cholecystitis was 34.6% * 10.6% (# = 65).
The average fasting/postprandial GBV in normal sub-
jects was 19.22 £ 11.30 cm’/9.03 £ 3.63 cm”’. The aver-
age EF of normal gallbladder was 53.3% =+ 24.9% (n =
53). The differences in the average fasting, postprandial
GBYV and EF were statistically significant (all three P <
0.0001, Figure 1, Table 3). Also, the differences in GBV
between fasting and postprandial states in patients with
gallstones and chronic cholecystitis and normal subjects
were statistically significant (both P < 0.0001).

The fasting GBV was larger in late stage than eatly/
second stage acute cholecystitis in gallstone patients
(84.66 + 26.32 cm’, n =12, 15 53.19 + 33.80 cm’, # = 87,
P =0.002, Table 4). The average fasting GBV was larger
(28.77 £ 15.00 cm’ 25 6.77 £ 15.75 cm’, P < 0.0001) and
the average EF was lower (34.6% £ 10.6%, n = 65, s
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Fasting mean GBV  Postprandial EF + SD
+ SD mean GBV + SD (%) (n)
(em®) (i) (em®) (m)

GS #31.34 +16.46 #20.50 + 6.20" 34.6 +10.6

(65) (65) (65)
Normal subjects ~ "19.24 +11.30° £9.03 £ 3.63 f53.3 £24.9

(53) (53) (53)
P-value <0.0001° <0.0001* <0.0001°
(95% CI) (A-D, 6.93-17.47)  (B-E, 9.56-13.48) (C-F,11.9-25.5)

'P value A vs B < 0.0001, A-B 95% CI: 6.62-15.26; P value D vs E < 0.0001;
D-E 95% CI: 6.98-13.44; °P values A vs D: between fasting gallbladder
volume (GBV) of chronic cholecystitis and normal subjects; ‘P values B vs
E: between postprandial GBV of chronic cholecystitis and normal subjects;
°P values C vs F: between ejection fraction (EF) of chronic cholecystitis and
normal subjects. SD: Standard deviation; GS: Gallstones.

53.3% * 24.9%, n = 53, P < 0.0001, Table 3) in gallstone
patients with chronic cholecystitis, compared with those
in non-gallstone and normal subjects.

DISCUSSION

From clinical observations, male patients with gallstone
disease seem to have a higher threshold for pain caused by
biliary stones than their female counterparts. Perhaps this
is one of the reasons that underlay the male preponder-
ance seen in the acute calculous cholecystitis group in this
study.

Our study showed that the fasting GBV increased in
two age groups in non-gallstone subjects, i.e. from age 20
to 40 years and 60 to 80 years; especially the former pe-
riod. In accordance with this differential increase in GBV
in specific periods, the occurrence of gallstones reached
its plateau between 40 and 80 years of age (from 15%
before 40 years old to 42.5% after 40 years, P = 0.0027,
Table 2).

The gallbladder is a hollow visceral elastic organ. Its
actual maximal fasting volume under iz vivo physiologi-
cal conditions is difficult to measure. Measuring methods
include 77 vivo ultrasonography, nuclear scintigraphy, CT
and 7 vitro post-cholecystectomy saline-filling measure-
ment. hepatobiliary iminodiacetic acid scintigraphy is
seldom used clinically except to demonstrate cystic duct
obstruction in acute cholecystitis patients, due to its
isotope radioactivity. On the other hand, 7# vitro post-
cholecystectomy saline-filling measurement is the most
accurate gold standard for measuring GBV. In contrast,
abdominal ultrasonography is the most convenient ex-
amination for measuring GBV. However, the accuracy
and precision depend greatly on the operators’ individual
experiences. CT represent the more uniform, constantly
used and easier method for diagnosis of gallstone diseases
and for measuring GBV. These are the reasons why we
adopted abdominal ultrasonography, CT and 7 vitro post-
cholecystectomy saline-filling measurement in the present
study.

(44
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Variable GS patients Mean GBV +SD 'P-value A vs B

(cm®) () (A-B, 95% ClI)
Simple ACC #53.19 +33.80 0.002
87) (12.28-52.66)
With gangrene/abscess °84.66 + 26.32
12)

'P values, A vs B: mean gallbladder volume (GBV) of patients with simple
acute calculous cholecystitis (ACC) vs ACC with gangrene/abscess. SD:
Standard deviation; GS: Gallstones.

GBV can have clinical and therapeutic implications
and reflect pathophysiological mechanisms of gallstone
diseases. The clinical and therapeutic implications of
increased GBYV lie in the cystic duct obstruction in acute
calculous cholecystitis. The dilatation of the gallblad-
der is due to stones being trapped in the spiral valve of
Heist. The onset of painful dilatation of the gallbladder
is acute and is caused by the stones irritating the gall-
bladder mucosa, and the pressure exerted by the dilated
gallbladder on the visceral nerve endings distributed
over the entire gallbladder wall. Eatly dilatation of the
gallbladder due to undrained mucus secretions also pre-
disposes to compromised local blood circulation to the
mucosa and the gallbladder wall, which leads to impaired
absorption of water and electrolytes, which further ag-
gravates the dilatation""". GBV can usually reach up
to 3.4 times the normal size. The vicious cycle of und-
rained mucus secretions and impaired absorption of wa-
ter and electrolytes, coupled with chemical irritation by
lysozyme, cytokines and chemokines, sometimes causes
gangrene and/or perforation in 15% and 1.5%, respec-
tively, of patients with acute calculous cholecystitis”,

In our study, the fasting GBV was larger in gallstone
patients with acute cholecystitis than with chronic cho-
lecystitis (Table 1). Furthermore, local gallbladder wall
necrosis/abscess was associated with further increases in
GBV (Table 4). It is possible that gallbladder decompres-
sion might prevent gangrene/empyema and petforation
and make it easier to manipulate the gallbladder during
cholecystectomy.

Gallbladder contraction is known to result from long-
standing chronic cholecystitis and has the smallest GBV.
The anatomical characteristics make it a difficult challenge
to perform laparoscopic cholecystectomy safely.

The fasting GBV was larger in gallstone patients with
chronic cholecystitis than that in non-gallstone subjects
(28.77 £ 15.00 cm’, n = 85, vs 16.77 £ 15.75, n = 240,
P < 0.0001), which indicated possible pathophysiologi-
cal mechanisms of weaker gallbladder contractility in
gallstone patients with chronic cholecystitis, which was
confirmed in our second study. In 2000, Portincasa pro-
posed that larger GBV predisposes to bile stasis'.

Weaker gallbladder contractility in gallstone patients
with chronic cholecystitis might provide a suitable
micro-milieu for cholesterol monohydrate micro-crystals
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to grow into larger gallbladder stones, by preventing
them from expulsion from the gallbladder lumen, when
the gallbladder contracts in response to cholecystokinin
(CCK) secreted from duodenum [ cells stimulated by
proteins and lipids in ingested food".

In our second study, we measured fasting and post-
prandial GBV of 65 patients with gallstones and chronic
cholecystitis and 53 healthy subjects, by abdominal ul-
trasonography and calculated the gallbladder EF. The
average EF of patients with gallstones and chronic cho-
lecystitis was lower than that of the healthy subjects. The
difference in EF was statistically significant (Table 3).

Developmental stages of acute cholecystitis

From our observations on the GBV changes during
the development of acute cholecystitis from a chronic
inflammatory state, we hypothesize that there are three
stages based on GBV and pathological changes. These
correspond to the three stages of severity of acute cho-
lecystitis proposed by Miura ez al™ at the Tokyo Interna-
tional Consensus Meeting in 2007.

Early (clinical) stage

In the early (clinical) stage of acute cholecystitis, which
corresponds to mild (grade 1) severity in the Tokyo
consensus meeting, the mechanical effect of cystic duct
obstruction causes an increase in GBV (from 28.77 *
15.00 cm’, # = 85, to 54.16 * 35.17 cm’, n = 44, P <
0.0001). No acute inflammatory leukocyte infiltration is
observed, but chronic inflammatory reactions, such as
subserosal fibrous tissues, and infiltration of lympho-
cytes, plasma cells, and macrophages beneath the co-
lumnar epithelium and Rokitansky-Aschoff sinus in the
muscular layer are present, as revealed by pathological
examinations. The early (clinical) stage of acute cholecys-
titis comprises about 44.4% (44/99). Eatly laparoscopic
cholecystectomy is suggested by the Tokyo guidelines.

Second (pathological) stage

In the second (pathological) stage of development, which
corresponds to the moderate severity (grade II) stage of
the Tokyo guidelines, the GBV does not change signifi-
cantly. However, pathological findings of acute immunore-
active and inflammatory responses appear in the gallblad-
der. These include leukocyte infiltration throughout the tis-
sues, local flattening and denuded mucosal folds, and tissue
edema. It comprises about 43.4% (43/99). Eatly laparo-
scopic ot open cholecystectomy is suggested by the Tokyo
guidelines. If a patient has serious local inflammation that
makes early cholecystectomy difficult, then percutaneous
or operative drainage of the gallbladder is recommended.
Elective cholecystectomy can be performed after improve-
ment of the acute inflammatory process.

Late (complicated) stage

If the condition goes untreated or is unresolved by treat-
ment, the late (complicated) stage ensues, which cor-
responds to the severe (grade IlI) organ dysfunction
stage of the Tokyo guidelines. In this stage, GBV further
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increases (Table 4). Besides the pathological findings of
acute immunoreactive and inflammatory responses, local
gallbladder wall necrosis (gangtene), abscess and/or even
perforations occur. Organ dysfunctions appear. It com-
ptises about 12.2% (12/99). Approptiate otgan support
in addition to medical treatment for patients with organ
dysfunction is suggested by the Tokyo guidelines. Man-
agement of severe local inflammation by percutaneous
gallbladder drainage and/or cholecystectomy is needed.
Biliaty peritonitis due to perforation of the gallbladder is
an indication for urgent cholecystectomy and drainage.
Elective cholecystectomy may be performed after im-
provement of the acute illness by gallbladder drainagem.

Zhu et al™ have found that the amount of gallbladder
CCK receptor is lower in patients with gallstones who have
poor gallbladder contraction. Choi has found that FGF15
knockout mice have a gallbladder that is completely devoid
of bile, and administration of recombinant FGF15 or
FGF19 restores the GBV®", Whether gallstone patients
with poor gallbladder contraction and increased GBV have
lower levels of CCK receptor and/or lower FGF19 gene
expression is worth further investigation.

Different kinds of diet predispose humans to dif-
ferent gallstone diseases. At present, we have no data
concerning how the diet consumed by the gallstone pa-
tients was different from that consumed by the normal
population. If the diet differs, it is worthwhile investigat-
ing whether the diet predisposes the patients to gallstone
diseases through its effect on GBV.

There is a limitation to this study. The gallstone pa-
tients were not subgrouped into those with cholesterol
and pigment stones. Therefore, the findings of Masclee™
and Portincasa'” could not be investigated in this study.

In summary, we found that the fasting GBV increased
in two periods in non-gallstone subjects, i.e. from age 20 to
40 years and 60 to 80 yeats. In accordance with these age
preferences, the occurrence of gallstones reached its peak
between 40 and 80 years of age. Moreover, we found that
gallstone formation was associated with poorer gallbladder
contractility and larger fasting and postprandial GBV Also,
GBYV increased as acute cholecystitis progressed. There-
fore, gallbladder decompression is mandatory to prevent
gangtrene and/or empyema of gallbladders.
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COMMENTS

Background

Gallbladder volume (GBV) changes can have clinical and therapeutic implica-
tions, and reflect physiological and functional status, and possibly pathophysi-
ological mechanisms of gallstone diseases. However, the differences and
changes in GBV among different age groups in non-gallstone subjects and their
correlations with the formation of gallstones have not been reported previously.
Also, the correlations between GBV changes in different stages in the patho-
physiological development of acute cholecystitis in gallstone patients are not
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clear. Furthermore, the authors wished to investigate the possible reciprocal
correlation between GBV and gallbladder contractility. The methodology used
to measure in vivo GBV is hardly reported in the literature.

Research frontiers

The methods the authors developed in this study can provide a reliable method to
measure the in vivo GBV in a way that can be adjusted to approximate the direct
measurements by the saline injection method. In this study, the authors found that
GBV increased as acute cholecystitis progressed to gangrene and/or empyema.
The fasting volume of gallbladders was larger in late stage than in early/second
stage acute cholecystitis. This forms the pathophysiological basis for the guide-
lines suggested by the Tokyo International Consensus Meeting in 2007.

Innovations and breakthroughs

This is believed to be the first study to report the differential increase in GBV
in specific age groups, which coincides with and partly explains the high oc-
currence rate of gallstones, which reached their plateau between 40 and 80
years of age. This is also believed to be the first study to demonstrate one of
the pathophysiological mechanisms that underlie the development of acute cal-
culous cholecystitis, which form the basis for the severity staging system in the
Tokyo International Consensus Meeting.

Applications

An interesting area of future investigation would be to apply the authors’ measure-
ments and gallbladder emptying assessment to patients without gallstone disease
but with right upper quadrant pain. By contributing to the authors’ understanding of
how acute calculous cholecystitis develops, this study could represent a rationale
for therapeutic decompression intervention, by drainage or straight cholecystec-
tomy, in the treatment of patients with acute calculous cholecystitis.

Peer review

The reviewer found that this was an interesting study that was performed well.
Also, the reviewer wonders what the diet was like in the normal and diseased
populations, because that would have an effect on GBV. This is a good contri-
bution to a topic that has not been described previously.
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