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INT RO DUCT IO N

It has been reported that gastric resection increases

the prevalence of gallstones and that this increase is

more pronounced if a vagotomy is added1 , 2 ) . Although

the incidence of gallstones is thought to be increased in

patients with a gastric resection or vagotomy1- 3 ) , the

pathophysiologic mechanisms are still unclear. Vagal

denervation is one of the postulated mechanisms for an

increased risk of gallstones after gastrectomy due to

delayed emptying and changes of bile composition. In

animal studies, there were significant biochemical

changes in bile composition4 ) . However, the changes

were not significant in human studies5 , 6 ) . There were

several different reports about these changes in bile and

gallbladder (GB) motility7 - 10 ) . However, these studies had

some problems. First, the study populations were not

constant. Second, most studies for physiologic GB

contractions were performed only by the infus ion of

cholecystokinin, and were not carried out satisfactorily to

determine GB motility1 1) . Finally, most previous studies

were retrospective.

In this study, we intended to find the risk of gallstones

after a gastrectomy and/or vagotomy. We prospectively

performed serial ultrasonographic studies 12 , 13 ) on changes

in GB volume and the incidence of gallstones and biliary

s ludges in patients who underwent gastrectomies.

MAT ERIA LS A ND METHO DS

1. Mate rials

Forty six patients (31 male, 15 female) with gastric

cancer who underwent gastrectomies and thirty seven

cases of a normal control group (18 male, 19 female)
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were studied. Selection criteria for the present study

included an absence of GB disease, no alterations in

liver function tests and no use of anticholinergics . We

excluded patients who were found by preoperative

ultrasonography to have gallstones and those who had

to fast over 10 days due to postoperative complications .

None of the normal control group had a history of

abdominal surgery.

The mean age of the test group was 53.3 9.6 years

(range 27- 75). The surgical procedures were performed

by one s urgeon (SJ K) and included a subtotal

gastrectomy with Billroth II anastomosis in 39 cases and

a total gastrectomy in 7 cases. Truncal vagotomy was

performed in all cases for the purpose of extended

lymphadenectomy around the right cardiac area. The

mean period from gastric resection to the final

examination was 18.3 10.6 months, and the mean period

of postoperative fasting was 6.7 0.9 days (Table 1).

Table 1. Characteristics of the subjects

Patients (n=46) Controls (n=37)

Age(yr, mean±SD) 53.3 ± 9.6 46.3 ± 10.4
Sex(M/F) 31/15 18/19
OP* type(n) Subtotal gastrectomy : 39

Total gastrectomy : 7
POD**(mo) 18.3 ± 10.6
NPO***(day) 6.7± 0.9

OP*: operation; POD**: post- operation date;
NPO***: duration of nothing by mouth

MET HO DS

The measurement of GB motility was done by one

sonographer(HKL) using an Acuson 128 XP/10

sonographic machine equipped with a 3.5 mHz convex

probe. GB volume was calculated by obtaining the width,

height and length with real- time ultrasonography and

multiplying the dimensions using the ellipsoidal method14 ) .

The real- time ultrasonography was conducted five times

at 5- min intervals after an overnight fasting to obtain the

average volume of the GB; it was conducted again 30

min. after a fatty meal which cons isted of a blend of

boiled rice, egg and beef, containing 750 kcal with 32%

fat. Thereupon, these premeal and postmeal GB

volumes were substituted into the following formula to

calculate the ejection fraction (EF) of the GB15 ) .

EF(%) =
fasting GB volume - postprandial GB volume

×100
fasting GB volume

We looked for gallstones and/or GB sludges during

real- time ultrasonography and compared the changes of

GB motility according to gender, age, operation type,

postoperative dates and presence or absence of

gallstones and/or GB sludge.

All scores were expressed in terms of means and

standard deviation of the mean (SD), and all data were

analyzed statistically us ing Studant's t- test and Pearson

correlation with the level of p value less than 0.05.

RES ULTS

1. Comparison of fasting a nd postpra ndia l

gallbladde r volume

The average GB volume in the test group was 30.2±

13.9 ml during fasting and 12.6±6.4 ml after feeding,

which seemed to be significantly higher than the average

volume of the control group (17.3±15.8 ml while fasting

and 4.3±3.3 ml after feeding) (p<0.01) (Figure. 1).

2. Compa rison of gallbladde r ejection fraction

The average ejection fraction of GB in the test group

was 56.9±13.0%, whereas that of the control group was

75.5±16.1%. These results showed a significant

reduction in EF for the test group (p<0.01) (Figure. 2).

Fig. 1. Fasting(FV) and postprandial(PV) GB volumes in
patients and controls . Fasting GB volumes and
volumes measured after a fatty meal were
significantly higher in patients compared with
controls (p <0.01).
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3. Comparison of gallbladde r volume according to

the type of gastric s urge ry

The average volume of a GB during fasting was

significantly lower in subtotal gastrectomy patients (25.7

±10.6 ml) than in total gastrectomy patients (51.1±79.3

ml) (p<0.01) (Figure. 3). The average volume of a

postprandial GB was also higher (21.0±9.4 ml) in

subtotal gastrectomy patients than in total gastrectomy

patients (11.3±5.2 ml). However, the ejection fraction

was not significantly different between the two groups

(57.5±11.6% vs 59.7±18.7%, respectively) (p>0.05). GB

sludge and gallstone formation did not seem to be

related to the type of gastric surgery (p>0.05).

4. The changes in gallbladde r motility according to

postoperative period.

The GB motility correlated poorly between the EF and

the postoperative period (Figure. 4). However, there was

no correlation among GB volume (fasting and

postprandial), gallstone formation and the postoperative

period.

5. Formation of gallstones a nd gallbladder s ludges

The incidence of gallstone formation after a

gastrectomy was 6.5% (3/46), and GB sludges

developed in 25.6% (11/46) of the cases. The prevalence

was not different between males and females, but there

was no statistically significant difference (p>0.05) in the

average fasting volume of GB between the GB sludge

group and the group without sludges (34.7±16.4 ml,

28.8±12.9 ml, respectively).

Also, there was no difference in the ejection fraction

of the two groups (57.3±11.9%, 56.8±13.5%) (p>0.05)

(Figure. 5).

DIS CUS S IO N

Fig. 2. Ejection fractions(EF) in patients and controls . A
significant reduction of ejection fraction was found
in patients compared with controls (p <0.01).

Fig. 4. Changes in GB motility according to postoperative
period(POD). The ejection fraction(EF) correlated

well with postprandial period(r=0.232).

FIg. 3. GB volumes and ejection fractions(EF) according to
the type of gastric surgery. The average volumes of
GB before(FV) and after(PV) meal were significantly
lower in subtotal gastrectomy than in total
gastrectomy (p <0.01).

Fig. 5. Changes in fasting(FV) and postprandial(PV) GB
volumes and ejection fractions (EF) according to
sludge formation. The GB volumes and ejection
fractions were not statistically different between
the two groups.
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The increased incidence of gallstones in patients with

gastrectomy has been reported. However, the patho-

phys iologic mechanism for gallstones after surgery is not

yet clear1 ,2 ) . The contraction of the GB is caused by the

stimulation of the vagal nerve; impaired GB motor

function could result from vagal denervation16 ) . The effect

of a gastrectomy on GB motor function has been

reported with various results , but the frequency of

gallstones was higher than in the control population1 , 18 ) .

Vagal denervation is one of the postulated

mechanisms for an increased risk of gallstones after a

gastrectomy2 , 8 , 19 ) . Vagotomy has been s hown to cause

biliary stasis and enhance gallstone formation8 , 19 ) . Fisher

et al. reported that GB contraction was decreased after

an injection of anticholinergics 2 0 ) and Kott et al. reported

that the frequency of gallstones was decreased in

severe myasthenia gravis patients who were taking

anticholinesterase2 1) . Some studies showed delayed

emptying of the GB after a gastric resection or

vagotomy2 , 3 , 7 , 8 , 2 2 ) . Our results could also support the

effect of the vagus nerve on GB motility.

Inoue et al. reported that the incidence of gallstones

gradually increased during 5 years after a gastrectomy

or vagotomy3 ) . They injected exogenous cholecystokinin

to induce a contraction of the GB and then investigated

the significant changes in GB contraction, but there was

no s ignificant difference at the twelfth month after the

operation compared with the normal control group. This

finding was different from our results which showed a

gradual increase in the ejection fraction of postoperative

GB. GB motility has been shown to change after a

truncal vagotomy because of impaired cholinergic

activation, and a significantly increased plasma

cholecystokinin response has been reported in

vagotomized patients2 0 , 2 1) . Meanwhile , the contraction of

the GB could be induced by maintaining a plas ma

concentration of cholecystokinin above the physiologic

level, after blocking the vagal nerve2 2 ) . These results

showed that vagal stimuli could modulate the response

of cholecystokinin on GB motility. When cholecystokinin

was infused in patients with a vagotomy or gastrectomy,

some reports showed that GB contractilities were

increased10 ) , but some did not5 ) . Besides, the GB

susceptibility to choelcystokinin was reported to be

increased in patients with vagal blocking2 0 ) . Therefore,

we thought that using a normal diet would be ideal to

examine GB motility in patients with gastrectomies or

vagotomies. Some other studies2 4 , 2 5 ) showed that

preduodenal stimuli could evoke GB emptying, which

explained the rationale to use a normal diet for the

measurement of GB motility.

Studies on changes in bile composition after a

gastrectomy have been investigated with a hypothesis

that changes in bile compos ition could increase the

incidence of gallstone formation. Tomkins et al. reported

that cholesterol saturation in bile was increased after

vagal denervation in animal experiments4 ) . However,

some investigators reported that the biliary cholesterol

saturation was minimally increased6 ) or decreased in

patients with gastrectomies5 ) .

The incidence of gallstone formation after a

gastrectomy has already been reported. Perzolla et al.

reported the increased incidence of gallstones in patients

with total gastrectomies with Roux- en-Y

esophagojejunostomy17 ) , and Rehnberg et al. reported

the increased incidence after Billoth I gastrectomies 2 ) .

Our study showed res ults similar to Perzolla 's report,

but we could not compare the incidence of gallstones

between the types of gastric surgery because there was

no Billroth I case in our study. Some studies reported an

elevated occurrence of gallstones in men after

gastrectomy2 ) , but our study s howed no difference

between sexes. Most of the studies concerning the

incidence of gallstones after gastric surgery have been

retrospective 1 ,2 , 2 6 , 2 7 ) . We performed a prospective serial

study on changes of GB motility. We could not follow up

over a long period after surgery to tell the statistical

s ignificance for the development of gallstones and GB

s ludges, but we could observe GB sludges in 25.6% and

gallstones in 6.5% after gastric surgery, which showed

higher incidence than that of the normal population in

Korea (4.1%)2 8 ) . Our lower incidence of gallstones and

s ludges compared to western countries seemed to be

related to our life- style , diet pattern, race, etc2 9 , 3 0 ) .

We could not exclude the possibility that stomach

cancer itself might influence our results because most of

our study population underwent a gastrectomy due to

stomach cancer. However, we thought our results

concerning gastric surgery as a risk factor of GB motility

were valuable because the incidence of early gastric

cancer had been increasing and the survival rate after

gastric surgery had also been improved3 1) .

In this study, real- time ultrasonography was used to

measure the volume of GB. Real- time ultrasonography

can measure the volume and ejection fraction of the GB

easily without using other complex equipment necessary
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for other tests , like cholangiography or radioisotope

scanning12 , 3 2 ) . As a measurement of GB volume, we

could confirm the good reprodutibility of the ellipsoid

method in diabetic patients 3 3 ) .

The res ult of this study showed that there was a

significant difference in the volume and ejection fraction

of the GB between the patients with gastrectomies and

the control group. The incidence of gallstone disease

seemed to increase in the patient group, and biliary

stasis seemed to precede gallstone formation after

gastric s urgery.

In conclusion, gastric surgery appears to be a risk

factor of GB dysmotility, which may play a major role in

gallstone formation in patients with gastric surgery.

Long- term follow- up studies would be necessary to

investigate the prevalence of gallstones with a change in

GB motility.
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