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Autonomic neuropathy and gallbladder motility in patients with
liver cirrhosis
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ABSTRACT

Background/Aims: Impaired gallbladder motility has been suggested as a contributor to increased incidence of
gallstones in patients with liver cirrhosis. The purpose of this study was to determine gallbladder function and its
relation with autonomic neuropathy in liver cirrhosis.

Materials and Methods: Gallbladder function was measured using ultrasonography in 48 patients with liver cir-
rhosis and in 31 controls. Autonomic neuropathy tests were applied in patients with liver cirrhosis. Patients with
liver cirrhosis were analyzed in subgroups according to the severity of disease using the Child-Pugh classification.

Results: Fasting gallbladder volume was 16.2 mL (range: 2.1 mL-71.9 mL) in patients and 17.6 mL (range: 4.9 mL-
76.6 mL) in controls. There were no differences in fasting gallbladder volume among the study groups (p>0.05).
Gallbladder ejection fraction was significantly higher in patients compared with controls (84% vs. 65%) (p<0.001).
No correlation was found between gallbladder ejection fraction and autonomic neuropathy (p>0.05).

Conclusion: Our results indicate that liver cirrhosis does not impair gallbladder emptying, and that there is no as-
sociation between gallbladder motility and autonomic neuropathy. Further investigations are required to explain

increased gallbladder motility in liver cirrhosis.

Keywords: Liver cirrhosis, gallbladder emptying, autonomic neuropathy

INTRODUCTION

Patients with cirrhosis of the liver have a higher incidence
and prevalence of cholelithiasis compared with the
general population (1-3). Some studies have proposed
changes in gallbladder motility as a causative factor in
the pathogenesis of cholelithiasis (4). There are conflict-
ing results among studies about gallbladder motility in
patients with cirrhosis. The reason why patients with
cirrhosis have some disorder with regard to gallbladder
motility may depend on either humoral or neurological
alterations. The humoral control of gallbladder function
is mainly coordinated by meal-induced cholecystokinin
(CCK), which stimulates gallbladder contraction. Neural
control is more complex and involves sympathetic, para-
sympathetic, and enteric nervous systems.

Patients with cirrhosis, especially those in a decom-
pensated state, usually have autonomic dysfunction
(AD), which can affect gallbladder function. A recent

study suggested that autonomic neuropathy (AN)
contributes to the formation of gallstones in patients
with advanced cirrhosis (4). Acceleration, delay, or no
significant change in gastric emptying in patients with
cirrhosis was reported by a number of studies (5-9). AD
seems to affect biliary motility directly through the neu-
ral pathway and/or indirectly through the probable ef-
fect of alteration in gastric emptying on CCK secretion.

We designed the present study to determine whether
there is any abnormality of gallbladder emptying in pa-
tients with liver cirrhosis and the effect of autonomic
dysfunction on this probable disorder.

MATERIALS AND METHODS
Patients and controls

The study subjects were 48 patients with liver cirrho-
sis and 31 healthy controls. The diagnosis of cirrhosis
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was made on the basis of patterns of clinical, laboratory, and/
or histological findings. For this purpose, endoscopic and/or
ultrasonographic signs of portal hypertension and/or the find-
ing of an irregular liver margin on ultrasonography (US) were
used. Exclusion criteria were diabetes mellitus, ischemic heart
diseases, cholelithiasis, a history of cholecystectomy, gastric or
intestinal surgery, and drugs that can be associated with AN.
The patients were grouped according to the Child-Pugh clas-
sification.

Tests for autonomic functions

The autonomic functions were assessed using five standard
cardiovascular tests and interpreted according to the study of
Ewing and Clarke (10). Briefly, Valsalva ratio (heart rate response
during Valsalva maneuver), heart rate variability during deep
breathing, and immediate heart rate response to standing were
determined for the evaluation of parasympathetic system. The
sympathetic system was evaluated by systolic blood pressure
fall on standing and rise in systolic blood pressure over baseline
to sustained handgrip. The results of cardiovascular tests were
identified as normal, borderline, or abnormal, as previously
described in the literature. Patients were categorized into four
groups reflecting the degree of autonomic involvement:

1) Normal: All the tests were normal;

2) Early involvement: One abnormal heart rate test or two bor-
derline abnormal heart rate tests;

3) Definite involvement; Two or more heart rate tests were ab-
normal;

4) Combined involvement: Two or more heart rate tests were
abnormal and one or both blood pressure tests were ab-
normal.

US for gallbladder motility

The ultrasonographic examination (Philips HDI 5000 with 3.25—
5-MHz transducer) was performed after one night of fasting
and ensuring that no drugs known to affect gallbladder func-
tion were taken. A single operator determined the gallbladder
volumes using the US software after the input of longitudinal,
anterior-posterior, and lateral-lateral diameters. The premeno-
pausal women were evaluated during the first phase of their
menstrual cycles because of the variability of gallbladder motil-
ity observed during the menstrual cycle. All patients who had
gallbladder pathology such as cholecystitis; cholelithiasis; and
debris, polyp, or cholesterol crystals in the gallbladder were ex-
cluded. In fasting conditions, after measuring the dimensions
of the gallbladder (width, height, and depth), patients received
100 g of a standard chocolate (58% carbohydrate, 35% fat, and
4.5% protein, totally 2.2x103 kJ) orally. After this, postprandial
measurements were performed at 2 and 3 h. In this manner,
the calculations of the fasting volume, postprandial residual
volume, and ejection fraction were performed. Volume cal-
culations were performed using the ellipsoid formula V=0Q/6
(width x height x depth). The maximum residual volume was
considered the lowest postprandial volume of the gallbladder.
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Table 1. Demographic and clinical characteristics of the study population

Controls Patients
No. 31 48
Child-Pugh A 23
Child-Pugh B 15
Child-Pugh C 10
Sex (F/M) 22/9 30/18
Age (years) 43 56
Etiology of cirrhosis
Hepatitis B 20
Hepatitis C 22
Alcohol 2
Unknown 4

The formula used for the measurement of gallbladder ejection
fraction was as follows: fasting volume - maximum residual vol-
ume/fasting volume x100 (11).

Statistical analysis

Continuous variables were expressed as the mediantrange
and were compared using the Mann-Whitney U test. The val-
ues of patient groups based on the Child-Pugh classification
were compared using ANOVA. The statistical significance was
set at the p<0.05 level. All analyses were performed using the
Statistical Package for the Social Sciences (SPSS Inc., IL, USA) for
Windows, version 11.0.

This study was approved by the Ethics Committee of Baskent
University Faculty of Medicine and informed consent was ob-
tained from all patients and controls.

RESULTS

Some of the demographic and clinical characteristics of study
population are summarized in Table 1. The median age of pa-
tients was 56 years, with a range of 33-85 years. There were 30
men and 18 women. The etiologies of cirrhosis were hepatitis
B in 20 patients (41.6%), hepatitis C in 22 (45.8%), and alcohol
in 2 (4.1%).

Fasting gallbladder volumes of patients and controls were simi-
lar (p>0.05), whereas ejection fraction of gallbladder was high-
er in patients compared with controls (p<0.001). There was no
statistically significant difference among the ejection fractions
of the Child-Pugh groups, but the difference compared with
controls was significant for Child A or B patients (p=0.006 and
p=0.001, respectively) (Table 2).

We determined autonomic dysfunction in 32 patients, 12 of
whom had early parasympathetic involvement and the re-
maining showed definite parasympathetic involvement. The
distribution of the types of AD according to the Child-Pugh

e, 255

&
.U
o)

1)
<<
—

igina

(0]




Kul et al. Gallbladder motility in liver cirrhosis Turk J Gastroenterol 2015; 26: 254-8

Table 2. Median gallbladder volumes in the fasting and postprandial states and values of ejection fraction (EF)

Gallbladder volume, mL (range)
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Fasting 2 h after test meal 3 h after test meal EF (%)
All patients with cirrhosis 16.2 (2.1-71.9) 4.2(0.1-92.8) 4.4 (0.1-98.5) 84 (6-99)
Child-Pugh A 244 (8.6-71.9) 54(0.1-33.6) 5.9(04-21.0) 83 (6-99)
Child-Pugh B 14.0 (4.7-60.6) 2.8(0.1-21.4) 1.2 (0.1-42.9) 93 (51-99)
Child-Pugh C 12.9(2.1-5.6) 6.6 (0.1-92.8) 6.2 (0.1-98.5) 83 (14-99)
Controls 17.6 (4.9-76.6) 7.7 (0.1-45.1) 7.1(04-33.2) 65 (5-99)

Table 3. The distribution of the types of autonomic dysfunction according to Child-Pugh stages

Child-Pugh A

Child-Pugh B

Child-Pugh C

Entire group

N: 23 N: 15 N: 10 N: 48
Types of autonomic dysfunction No. (%) No. (%) No. (%) No. (%)
Normal 11 (48) 3(20) 2 (20) 16 (33)
Early parasympathetic involvement 4(17) 6 (40) 3(30) 13 (27)
Definite parasympathetic involvement 8 (35) 5(33) 3(30) 16 (33)
Combined dysfunction 1(7) 2(20) 3(7)
100 : | of gallbladder motility. In the present study, patients with cir-
rhosis showed similar fasting gallbladder volume compared
80 ;I with controls. There are studies showing fasting gallbladder
[ volumes either similar between patients with cirrhosis and nor-
60 mal subjects (11) or higher, especially in patients with cirrhosis
I Child C, compared with healthy controls (12-14).
40 8
Some studies have suggested that cirrhosis impairs the gall-
20 *46 @ bladder emptying on the basis of the findings of gallbladder
*4 ejection fraction by either US or cholescintigraphic measure-
0 bl ments. The results of the studies by Li et al. (12) and Pompili et
N= 16 12 20 al. (14) have revealed similar ejection fraction values between
MNormal Eary PS-AD  Definite PS-AD

The presence of autonomic dysfunction

Figure 1. The comparison of gallbladder ejection fractions among cir-
rhotic patients with or without parasymphatic autonomic dysfunction
(PS-AD).

classification is summarized in Table 3 and there was no sig-
nificant difference among the Child-Pugh groups. Patients with
AD had similar gallbladder ejection fraction compared with
those without AD (p>0.05) (Figure 1).

DISCUSSION

Patients with liver cirrhosis frequently have extrahepatic mani-
festations due to cirrhosis or alterations secondary to liver pa-
thology. The frequency of gallbladder dysfunction and chole-
lithiasis has been suggested to be increased in patients with
cirrhosis (1-4). One of the suggested mechanisms underlying
cholelithiasis is gallbladder dysfunction (4).

Sonography is increasingly used for the estimation of gastric
emptying and is accepted as the “gold standard” for the study
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patients with cirrhosis and control subjects. However, in the
present study, we found higher values of ejection fraction in
patients compared with healthy controls, and EF did not show
a significant difference among the Child-Pugh groups. Sari et
al. (15) have found greater gallbladder contractility in patients
with cirrhotic ascites than in those with malignant ascites.
Acalovschi et al. (13) and Kao et al. (16) have reported impair-
ment of gallbladder emptying in liver cirrhosis. The results of
each study are slightly different in terms of values among the
Child groups. Kao et al. have demonstrated a gradual decrease
in EF with the severity of cirrhosis, whereas Acalovschi et al.
have reported similar EF values among Child-Pugh groups.
One possible explanation of the discrepancy between our
study and the others is the spectrum of etiology of cirrhosis in
the study groups. We had fewer patients with alcoholic cirrho-
sis compared with the others. There has been some evidence
about the possible effects of ethanol on gallbladder function
regarding both secretion and motility (17,18). However, chole-
cystolithiasis was shown to be more frequent in patients with
cirrhosis with previous alcohol abuse compared with nonalco-
holics (19). Another factor underlying the difference between
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results of the other studies may be the presence of gallstones.
In some studies reporting low EFs of gallbladder in patients
with cirrhosis, patients with cholelithiasis were included in the
study. Decreased postprandial fractional emptying in patients
with gallstones has been demonstrated in previous studies
(20,21).

Gallbladder emptying in response to feeding is mainly con-
trolled by gastric emptying with subsequent CCK release (22).
Depending on several studies that have reported different
rates of gastric emptying in patients with cirrhosis, CCK release
can be earlier or later than normal (23,24). However, patients
with cirrhosis have shown increased plasma levels of basal and
postprandial CCK (14). These may explain higher EF values of
patients with cirrhosis in the present study compared with con-
trols. High levels of CCK can be responsible for the increased
gallbladder motility observed in our Child-Pugh A-B patients.
The time of postprandial measurement of gallbladder EF was
not homogeneous among studies. Because CCK release can be
delayed in patients with cirrhosis, studies using the early evalu-
ation of gallbladder motility can show lower values compared
with those using later measurements. We should not ignore
the possible effect of test meal content and structure on the
different results of EF in various studies.

The complex neurohormonal control of biliary motility in-
volves the sympathetic, parasympathetic, and enteric nervous
systems (25). In this study, we proposed a relation between
autonomic neuronal dysfunction and gallbladder motility in
patients with cirrhosis. We found that the frequency of auto-
nomic neuropathy was 67% in patients with cirrhosis, compa-
rable to that in previous studies (26,27). Autonomic neuropathy
is common in patients with cirrhosis and comparable in alco-
holics and nonalcoholics. The increase in severity accompanies
an increase in the extent of liver damage. This suggests that
liver damage contributes to neurological deficit (27). There
was no significant difference in autonomic neuropathy among
the Child-Pugh groups in the present study. To the best of our
knowledge, there have been no previous studies on the rela-
tio84n between autonomic neuropathy and gallbladder motil-
ity in patients with cirrhosis. Chawla et al. (4) have found the
prevalence of gallstones to be significantly higher in patients
with autonomic neuropathy compared with those with nor-
mal autonomic functions who have Child C cirrhosis. They have
suggested that autonomic neuropathy contributes to the for-
mation of gallstones in patients with advanced cirrhosis. We
could not find a difference in the ejection fractions of gallblad-
der between patients with and without autonomic neuropa-
thy. According to our study, we suggest that autonomic neu-
ropathy and gallstone disease in patients with cirrhosis is not a
cause-effect relationship but instead a coincidence.
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