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Background/Aims
The aim of this study is to investigate the reflux patterns in patients with galbladder stone and the change of reflux patterns
after cholecystectomy in such patients.

Methods

Fourteen patients with cholecystolithiasis and a control group including 10 healthy control subjects were enrolled in this pro-
spective study. Demographical findings, reflux symptom score scale and 24-hour impedance pH values of the 14 cholecystoli-
thiasis cases and the control group were evaluated. The impedance pH study was repeated 3 months after cholecystectomy.

Results

Age, gender, and BMI were not different between the two groups. Total and supine weakly alkaline reflux time (%) (1.0 vs
22.5, P = 0.028; 201.85 vs 9.65, P = 0.012), the longest episodes of total, upright and supine weakly alkaline reflux me-
diums (11 vs 2, P = 0.025; 8.5 vs 1.0, P = 0.035; 3 vs 0, P = 0.027), total and supine weakly alkaline reflux time in minutes
(287.35 vs 75.10, P = 0.022; 62.5 vs 1.4, P = 0.017), the number of alkaline reflux episodes (162.5 vs 72.5, P = 0.022)
were decreased with statistical significance. No statistically significant difference was found in the comparison of symptoms be-
tween the subjects in the control group and the patients with cholecystolithiasis, in preoperative, postoperative and post-
cholecystectomy status.

Conclusions

Significant reflux symptoms did not occur after cholecystectomy. Post cholecystectomy weakly alkaline reflux was decreased,
but it was determined that acid reflux increased after cholecystectomy by impedance pH-metry in the study group.
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Introduction

The treatment of symptomatic cholecystolithiasis is cholecys-
tectomy. Laparoscopic cholecystectomy is usually applied. Post-
cholecystectomy syndrome may occur after cholecystectomy. Post-
cholecystectomy syndrome is a heterogeneous condition and may
occur depending on many causes. One of the suggested reasons is
the increase in gastroesophageal reflux diseases.”

Relationship between the gallbladder stone and the reflux;
whether reflux increases after cholecystectomy is a controversial
subject.”® In current studies, assessments of reflux were per-
formed by different techniques such as interview, endoscopy and
24-hour pH monitoring. These evaluations are often useful in
detecting acid reflux,”* whereas it is known that alkaline bile re-
flux may be detectable in stomach after cholecystectomy.”"
Determination of bile reflux in esophagus after cholecystectomy
is possible and informative. This situation may be important, be-
cause the alkaline reflux is accepted as a contributing factor for
Barrett’s esophagus. '’

Bile reflux into the stomach is reported in a rate of 30%-100%
after stomach surgery and 809%-90% after gallbladder surgery.”'""
Even though bile reflux to stomach occurs frequently, it does not
always damage the gastric and esophageal mucosa. Leaking up
into the stomach (reflux), the bile and pancreatic secretions pres-
ent in the duodenum content mix up with the hydrochloric acid
and pepsin present in stomach, and thereby damage occurs in the
gastric and esophageal mucosa. The continuation of this inter-
action may develop gastritis and esophagitis.'* Recently devel-
oped esophageal impedance-pH is used to monitor all kinds of
reflux episodes (acid, weakly acid and weakly alkaline), compo-
nents of refluxate (gas, liquid and mixed), proximal extend of re-
fluxate and esophageal clearance.”"’

The aim of this study is to investigate the relationships be-
tween gastroesophageal reflux, cholecystolithiasis and cholecystec-

tomy using the impedance pH method.

Materials and Methods

Subject

Fourteen patients, who were planned with open or laparo-
scopic cholecystectomy due to gallbladder stones and 10 healthy
volunteers were prospectively enrolled. Those subjects who had a

history of (a) previous stomach or esophageal surgeries, malig-

nancies, gastrointestinal disorders other than gastroesophageal
reflux diseases or gallbladder stones were excluded from this
study. Ultrasonographic gallbladder and liver examinations were
carried out among the participants in the control group. The par-
ticipants who had gallbladder stones and bile duct dilatations

were excluded from the control group.

Study Design

At the onset of the study, the participants underwent physical
examinations. Medical histories, family histories, social habits
(alcohol use and smoking) and body mass index (BMI) scores
were evaluated. Subsequently, participants were evaluated with
the 24-hour esophageal impedance-pH meter through a similar
approach.

Information regarding the study was provided to the patients
and the healthy volunteers in the control group and their written
informed consents were taken in accordance with the Helsinki
Declaration. Height, weight and BMI scores (BMI: weight
[kg]/height [m’]) were calculated. Symptom’s scale was applied
to the patients before the operation and also at the third month af-
ter the operation.

Patients were evaluated with the 24-hour esophageal im-
pedance-pH meter without disrupting their daily routine activi-
ties. Catheters were removed at 8:00 am the next morning after
their insertions. Three months after the surgery, all patients were
reassessed with the symptom’s scale. Esophageal impedance-pH
meter was applied once again to all (of) patients with the same
method. Symptom’s scale and the impedance-pH meter results
were compared among the patients in the preoperative and post-

operative period as well as with the control group.

Twenty-four Hour Ambulatory Esophageal
Impedance-pH Metry

Ambulatory 24 hours esophageal impedance-pH metry was
performed with a mobile recording device (Ohmega Impedance-
ambulatory pH meter; MMS, Enschede, Netherlands) and the
catheter had 8 impedance ring and 1 antimony pH measurement
loop (Versa Flex Z-Impedance pH metry disposable catheters;
Alpine bio Med, Fountain Valley, CA, USA). Impedance-pH
metry catheters were passed transnasally under topical anaes-
thesia and positioned to record pH § and impedance at 3, 5, 7, 9,
15 and 17 cm proximal to lower esophageal sphincter (LES) in
the esophageal body at 8:00 am. Gastroscopy was performed and
LES was determined. Postero-anterior chest X-ray graphy was

taken. Catheter was not removed until the following day at 8:00
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am. After a 24-hour investigation, recordings were uploaded onto
a personal computer. All data were interpreted under a related
program manually by an expert. Gastroesophageal reflux was de-
fined as a sequential orally progressing drop in impedance to less
than 50% of baseline values starting distally (3 cm above the
LES) and propagating retrogradely to at least the next 2 more
proximal impedance rings. According to the corresponding pH
change, impedance detected reflux was classified as follows:

(1) Acid reflux: pH decrease below 4 for a period of at least 4
seconds during reflux or at least 1 unit decrease in pH for at least
4 seconds when pH is already below 4 (acid re-reflux)
(superimposed reflux) were defined as acid reflux.

(2) Weakly acidic reflux: At least 1 unit of pH decrease for at
least 4 seconds, while the maintenance of pH between 4-7 during
the reflux were defined as weak acid reflux.

(3) Weakly alkaline (non-acid) reflux: pH above 7 during re-
flux was defined as weak alkaline reflux."

Fach reflux episode was classified as liquid, gas or mixed.
Liquid, gas, mixed, acid, weak acid and weak alkaline reflux, the
percentage of time period of pH < 4 relative to the total time, the
number of episodes with pH < 4 were evaluated seperately for 24
hours recording period in the supine and standing positions.

The number and percentage of reflux episodes extending to
the proximal (the number of reflux episodes extending 15 cm
above the esophagus sphincter), bolus clearance time, the number
of swallows and the DeMeester score were evaluated as a 24

19
hours record.

Symptom’s Scale

The preoperative and postoperative patients and also the con-

trol group were evaluated by scaled prepared before impedance.

Table 1. Demographic Characteristics of Patient and Control Groups

Cholecystectomy, Esophageal Reflux and Impedance-pH

The scores were set as follows: no symptoms = 0, low = 1, mod-
erate = 2 and high = 3.” The mean symptom scores were

compared.

Statistical Methods
Statistical analyses were carried out by SPSS 13.0. Indepen-

dent groups were compared by the non-parametric Mann-Whit-
ney U test. Dependent groups were evaluated with the Wilcoxon
sign rank test. Correlation analyses were performed by the
Spearman correlation tests. A P-value lower than 0.05 was con-

sidered to be statistically significant.

Results

Fourteen patients with cholecystolithiasis and 10 healthy
controls were enrolled and the symptom scale and impedance-pH
measurements were performed. For the reason that the surgery
had been postponed in three patients and as one patient did not
want to take the impedance-pH measurement test after surgery,
only 10 patients’ symptom scales were reevaluated postoperatively
in the 3rd month as control impedance-pH measurements.
Patients’ symptoms scales during pre- and post-cholecystectomy
and impedance results were compared with each other and with
the control group.

The median age of 14 patients included in the study was 53.5
year, while 6 (43%) were male and 8 (57%) were women. BMI
median average was 30.9 kg/mz. In proportion to their BMIs, §
patients were overweight (25-30 kg/m’) and 9 patients were
obese (30-40 kg/m®). Five patients had co-morbidity: 2 patients
with essential hypertension, 1 patient with diabetes mellitus, 1 pa-

tient with hypertension and ischemic heart disease, 1 patient with

Patients (n = 14) Controls (n = 10) P-value
Age (median [range], yr) 53.5(28-74) 44.5 (32-54) > 0.680
Gender (M/F) 6/8 5/5 > (.735
BMI (median [range], kg/m®) 30.9 (25.4-37.5) 28.2 (24.5-32.5) > 0.570
GB family history (n) 4(29%) 4 (40%) > 0.620
Smoking (n) 3 2 > 0.934
Alcohol (n) 1 3 > 1.610
Co-morbidity (n) > 0.701
Diabetes mellitus 1 1
Hypertension 2 1
Ischemic heart disease 2 1

BMI, body mass index; GB, gallbladder.
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diabetes mellitus and iscemic heart disease. Four patients had a
family history of gallbladder stone (29%). Three of the 14 pa-
tients (21.4%) were smokers, 1 patient had alcohol abuse history
(Table 1). One patient with choledocholithiasis underwent pre-
operative endoscopic retrograde cholangiopancreography, as well
as sphincterotomy and stone extraction. One patient had biliary
pancreatitis, 1 patient had liver hemangioma and 1 patient had an
umbilical hernia.

Cholecystectomy was performed in eleven of the fourteen
patients. Nine patients underwent laparoscopic cholecystectomy,
1 patient had laparoscopic cholecystectomy and umbilical hernia
repair and in 1 patient the surgery started as a laparoscopic sur-
gery, however, continued as an open surgery for technical reasons.
The surgery was abandoned in three patients, because of the car-
diac reasons in two of them and on his own request in one.
Regarding the BMI of the patients group, 2 patients were over-
weight and 8 patients were obese. There were no normal weight
or morbidly obese patients.

In the control group, the mean age of 10 subjects was 44.5
years and 5 (50%) of them were male and 5 (50%) were women.
BMI median average was 28.2 kg/m’. Regarding their BMI, 1
subject was normal weight, 7 subjects were overweight and 2 sub-
jects were obese. There were no morbidly obese subjects. Seven
people had no known disease. Three people had diabetes mellitus,
hypertension, ischemic heart disease and dyslipidemia history
respectively. None of the subjects in the control group showed
gallbladder or bile duct dilatation, through ultrasound scan, but 3
patients (30%) had steatosis. Four subjects (40%) had a family
history of gallbladder stone (2 mothers, 1 father and 1 brother).
Two people in the control group were smokers (20%) and 3

(30%) had alcohol abuse history (Table 1).

There was no significant difference in terms of demographic
data (age, gender distribution, BMI, habits, family history or ac-
companying diseases etc) in the patients with cholecystolithiasis,
cholecystectomy and in the control group.

No statistical significance was found in the comparison of
symptoms between the subjects in the control group and the pa-
tients with cholecystolithiasis. There were no significant differ-
ences obtained, when the preoperative and postoperative symp-
toms were compared. When symptoms in postcholecystectomy
patients and the control group were compared, there was no stat-

istical significant difference.

Comparison of the Patients With Gallblad-
der Stone Versus the Control Group

When the impedance-pH metry results of the patients were
compared with the results of control group, the total time of
weakly alkaline reflux (min) (P = 0.056) and upright weakly al-
kaline reflux time (min) (7 = 0.056) had increased but not in the
limits of statistical significancy; the longest episode of weakly al-
kaline reflux (P = 0.031) and the longest episode of upright al-
kaline reflux (P = 0.019) were significantly greater in control
group. Number of episodes with pH < 4 was significantly higher
in control group (P = 0.048). However, other parameters did
not differ in terms of acid reflux.

A correlation between patients with gallbladder stone pres-
ence and the number of alkaline reflux episodes and control
group was determined (R = 0.747, P = 0.001). With reference
to the impedance results, it was determined that the gallbladder

stones increased the alkaline reflux, although there was no corre-

Table 2. Changes of Esophageal Reflux Patterns After Cholecystectomy

Pre-cholecystectomy” Post-cholecystectomy” P-value®
Supine weakly alkaline reflux time 201.85 (1-161) 69.65 (0-193.8) 0.012
Longest episodes of total, weakly alkaline reflux mediums 11(0-82) 2(0-119) 0.025
Longest episodes of upright weakly alkaline reflux mediums 8.5 (0-39) 1(0-9) 0.035
Longest episodes of supine weakly alkaline reflux mediums 3(0-8) 0 (0-3) 0.027
Total weakly alkaline reflux time in minutes 287.35 (1-1360) 75.1(0-284) 0.022
Supine weakly alkaline reflux time in minutes 62.5 (0-334.3) 1.4 (0-95.8) 0.017
The number of alkaline reflux episodes 162.5 (4-406) 72.5 (0-234) 0.022
The number of total gas reflux 20.5 (1-43) 27 (7-110) 0.037
The number of upright gas reflux 18 (1-42) 22.5(5-72) 0.028
Time that pH < 4 (%) 0.3 (0-4.4) 0.9 (0.1-25.2) 0.021
Longest episodes of acid reflux 0.85 (0-6.6) 1.80 (0.5-43.4) 0.080

*Median (range), "N on-parametric Mann-Whitney U test.
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lation with the symptoms.

Changes of Esophageal Reflux Patterns After
Cholecystectomy

Total and supine weakly alkaline reflux time (%) (1.0 vs 22.5,
P =0.028; 201.85 vs 9.65, P = 0.012), the longest episodes of
total, upright and supine weakly alkaline reflux mediums (11 vs
2,P=0.025;8.5vs 1.0, P = 0.035; 3vs 0, P = 0.027), total and
supine weakly alkaline reflux time in minutes (287.35 vs 75.1, P
= 0.022; 62.5 vs 1.4, P = 0.017), the number of alkaline reflux
episodes (162.5 vs 72.5, P = 0.022) decreased with statistical sig-
nificance (Table 2).

The number of total and upright gas reflux (P = 0.037 and
P = 0.028) and time of pH < 4 (%) (P = 0.021) increased wi-
tyh statistical significance in cholecystectomy patients compared
to the results during pre-operative period. There was no sig-
nificant difference in the comparison of the postoperative patients
and control group’s parameters (Table 2).

Even though the acid reflux increased after cholecystectomy,
no statistical significance was detected in comparison with the
control group. Although a decrease was determined in the post-
operative alkaline reflux recordings, it showed no significant dif-
ference with the control group. In addition, the preoperative and
postoperative average symptom scores presented no significant
differences (Table 3).

Individual differences between the preoperative and post-
operative number of episodes pH < 4 presented no significant
difference. Even though there were differences in average De

Meester scores, these were not statistically significant.

Discussion

Gallbladder stone is a common condition and cholecystecto-
my is frequent operation.”"” As bile acid’s duodenogastrical re-
flux increased after cholecystectomy it is thought that the alkaline
reflux into the esophagus may also increase.”'! There are studies
showing the reflux increase after cholecystectomy and also there
are studies showing the contrary.” Although reflux after chol-
ecystectomy is well investigated, there are not many studies inves-
tigating the relationship between cholecystolithiasis and gastro-
esophageal reflux (GER). Classic pH-meters can detect only
acid reflux, but the impedance-pH metry could monitor all kinds
of reflux. For these reasons, the aim of this study is to investigate
the relationship between cholecystolithiasis, cholecystectomy and

GER through impedance-pH metry.

Cholecystectomy, Esophageal Reflux and Impedance-pH

Table 3. Comparison of Symptom Severity Scores in Pre-cholecy-
stectomy, Post-cholecystectomy Status and Control

Symptoms Lot a s . Control”
cholecystectomy” cholecystectomy

Heartburn 0(0-2) 0(0-1) 0(0-3)
Acid regurgitation 0(0-2) 0(0-1) 0(0-2)
Food regurgitation 0(0-3) 0(0-1) 0(0-2)
Chest pain 0(0-2) 0(0-1) 0(0-1)
Dysphagia 0(0-1) 0(0-0) 0(0-1)
Odynophagia 0(0-1) 0(0-0) 0(0-0)
Nausea 0(0-1) 0(0-1) 0(0-1)
Vomiting 0(0-3) 0 (0-0) 0(0-2)
Choking 1(0-3) 1(0-3) 1(0-3)
Throat ache 0 (0-1) 0(0-1) 0(0-2)
Hoarseness 1(0-3) 1(0-2) 1(0-3)
Night cough 0(0-1) 0(0-1) 0(0-2)
Dyspnea 0(0-1) 0(0-0) 0(0-1)
Wheezing 0 (0-1) 0 (0-0) 0 (0-0)

Values represented as a median (range). “Non-parametric Mann-Whitney U
test (P > 0.05).

Mucosal pathology has been determined by endoscopy, in
about half of the GER cases.” Non-erosive reflux disease has
been determined in 65% of the GER cases, in GORHEN multi-
centered study carried out in Turkey.” As it is shown by these
studies, the endoscopy and 24-hour pH-metry present low sensi-
tivity in the diagnosis of GER. When the impedance technique is
combined with pH-metry, it can measure the weakly acid and
non acid reflux, thus it is seen as a promising method™ for the di-
agnosis of reflux diseases.

There are conflicting results among studies where reflux is

evaluated with only questioning the symptoms.”****’

Esophageal
reflux symptoms are determined among 40% of the post chol-
ecystectomy patients, which is similar to the rates reported in the
general population. In a study where the symptoms of 212 post
laparoscopic cholecystectomy patients and 62 acalculous healthy
controls were compared, the rates of abdominal pain, bloating
and nausea did not differ significantly. Significant differences
were determined for regurgitation (19.3 to 3.2, P = 0.004),
whereas a borderline significance was detected for dysphagia
(11.3t0 6.4, P = 0.080). As a result, it was concluded that esoph-
ageal reflux symptoms after laparoscopic cholecystectomy were
more common compared to the control group.’ In our study, no
differences concerning symptoms which included acid reflux and
dysphagia were determined between the patient and control

groups, which could be related to the low number of patients. On
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the other hand, in the mentioned study only symptoms were ques-
tioned and no other method was used for comparisons. Yet in our
study, all types of reflux were evaluated with impedance-pH
metry. In our study although alkaline reflux after chol-
ecystectomy decreased and reflux transformed into a more acidic
pH, no statistical differences were determined concerning the
impedance pH results between the patient and control groups.
Participants who did not have symptoms and had similar weights
as the cholecystolithiasis patients were selected, as much as possi-
ble, for the control group. Since the pre and post operative reflux
signs did not differ significantly among the cholecystolithiasis
cases, it was considered that cholecystectomy did not result in se-
rious reflux problems.

The pathophysiological effect of regurgitation of duodenal
content into the esophagus is controversial in GER disease. In a
study of 52 cases and 43 controls where the ambulatory esoph-
ageal aspirate was evaluated and the findings were correlated with
a 24-hour pH monitoring, it was determined that the rate of acid
concentrations was higher among the GER patients compared to
the control group (P < 0.010). A significant correlation (P <
0.010) was determined between the bile acid concentration and
the pH being above 7, which was strongest at nights (r = 0.59, P
= 0.006). This correlation was also determined in patients who
had stricture and Barrett's esophagus (P < 0.010). With these
findings, it was interpreted that contaminated gastric fluid pre-
disposed to stricture and Barrett’s esophagus formation and pH
being above 7 indicated bile reflux.” Our study determined that
gallbladder stones increased the weakly alkaline reflux, whereas
after cholecystectomy the alkaline reflux decreased and the acid
reflux increased.

Until now, the relationship between gallbladder stones, chol-
ecystectomy and GER was evaluated with esophageal pH-metry.
In order to detect the alkaline reflux, evaluation was carried out
by gastric bilirubin monitoring.” As far as we know, our study is
the first one which examines these issues with impedance-pH
metry.

Since alkaline reflux was higher among patients who had
gallbladder stones compared to the controls, and alkaline reflux
decreased while acid reflux increased after cholecystectomy, it
was considered that additional factors might accompany chol-
ecystectomy and cholecystolithiasis in GER pathophysiology.
After cholecystectomy, due to the lack of bile reservoir, the bile
flowing to duodenum changes and bile reflux to the stomach
increases. Due to the changes in neurohumoral axis, the upper

gastrointestinal motility might change. This might cause GER

and duodenogastric reflux.” Similar changes might also occur in
the presence of gallbladder stones. More comprehensive studies
with larger number of patients and controls and evaluations on
other causal factors (diet, functional disorders, lower esophageal
pressure changes and neurohormonal changes etc) could provide
more informative results in explaining the reflux pathogenesis.

The lack of correlation among the impedance-pH metry re-
sults and the symptom scores might be due to the low number of
patients and controls. Decrease of the weakly alkaline reflux and
increase of acid and gas reflux which were determined with im-
pedance-pH metry did not cause decrease or increase in clinical
symptoms. It was probably derived from the values which were in
the physiological limits.

Although the rate of persistent abdominal pain and nau-
sea-vomiting named postcholecystectomy syndrome was de-
termined as 2.6%-47.0%, there were studies reporting that the
symptoms after cholecystectomy did not increase and the symp-
toms that emerged might be associated with coexisting GER; ir-
ritable bowel disease, chronic pancreatitis, peptic ulcer or chol-
ecys'to]ithiasis.8

According to the results of our study, gastoesophageal weakly
alkaline reflux develops among patients with cholecystolithiasis.
It was also determined that, after the operation the gastro-
esophageal reflux transformed into a more acidic pH and gas re-
flux increased, while these changes did not differ from the control

group and did not cause reflux symptoms.
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