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Capsule endoscopy (CE) has enabled the noninvasive, 
painless, and effective evaluation of the digestive track.[1‑3] 
The diagnostic yield of this novel method was shown to 
be greater than that of other radiological and endoscopic 
techniques owing to its direct visualization of the mucosa of 
the small intestine.[4‑8] However, its diagnostic yield may be 
reduced by a decrease in visualization of the wall, especially 
owing to the presence of bile, bubbles, opaque mucus, food 
debris, and fecal residue in the distal small intestine.[9‑12] 
Visualization may be enhanced by bowel preparations that 
include laxatives (such as polyethylene glycol, magnesium 
sulfate, sodium phosphate, or mannitol) and a defoaming 

agent (simethicone), as well as by prokinetics and postural 
maneuvers.[13‑16] Few methods, however, are currently 
available to eliminate bile during bowel preparation for 
CE. This study evaluated the ability of cholestyramine 
and hydrotalcite to eliminate bile, reducing its effects in 
the small bowel, and to enhance small‑bowel cleaning and 
preparation, thus improving the diagnostic success rate 
of CE.

PATIENTS AND METHODS

Patients
This single‑center, prospective, single‑blind, parallel, 
randomized control led t r ia l  conformed to  the 
1995 Declaration of Helsinki and was approved by the 
Ethics Committee of Sanming First Hospital. This 
study was registered on May 31, 2012, in the Chinese 
Clinical Trial Register (ChiCTR) with a test ID of 
ChiCTR‑DDT‑12002211. All patients from June 2012 to 
August 2014 who were enrolled in the study because of 
suspected small‑bowel disease were randomly allocated into 
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two groups using computer‑generated random numbers. 
Informed consent was obtained from all patients.

Patients were excluded if they presented with known or 
suspected small‑bowel obstruction or stricture; chronic renal, 
hepatic or cardiac failure; pregnancy; swallowing disorders; 
history of gastrointestinal or abdominal surgery; use of 
antispasmodic, analgesic or prokinetic drugs; thyroid disease; 
or diabetes mellitus. Patients with impaired intestinal motility 
were also excluded, since this may affect enteric cleansing.

Study design
Patients randomized to Group A ingested 250 mL 20% 
mannitol and 1 L 0.9% saline orally at 20:00 h on the 
day before CE and at 05:00 hours on the day of the 
procedure, as well as 20 mL oral simethicone (Espumisan; 
Berlin‑Chemie, Germany, 40 mg/mL) and 200 mL 
water 30 min before CE. Patients randomized to 
Group B were treated similarly, as well as taking 8 g 
cholestyramine (Nanjing Life Care Pharmaceutical 
Co., Ltd., China) and 1.0. g hydrotalcite (Talcid, Bayer 
Pharmaceutical Ltd., Germany) orally three times per 
day for 3 days before CE. All patients in both groups 
abstained from solid food the day before the procedure. 
After swallowing the capsule, patients were not allowed to 
drink clear fluids for 2 h and were permitted a light meal 
after 4 h. Adverse events were recorded.

The OMOM capsule endoscopy system (Chongqing 
Jinshan Science and Technology Group, China) consists 
of four main parts: A smart capsule, an image recorder 
jacket, a portable real‑time monitor, and a computer 
workstation. Each OMOM capsule has 14 receiver elements 
placed close to the surface of the abdomen and waist in 
the recorder jacket. The duration of the battery of the 
OMOM capsule is about 10 h. Images were captured using 
a charge‑coupled device. After ingesting the capsule with a 
small amount of water, patients were allowed to go about 
their daily activities. Nine to 10 hours after ingestion, 
the recorder was disconnected and the sensors removed. 
The recorded digital information was downloaded to the 
computer, and images from the stomach and all along the 
small bowel were analyzed using the proprietary associated 
software (Chongqing Jinshan Image Processing Software, 
version 6.0).

Small‑bowel cleansing was evaluated by two experienced 
investigators who had reviewed images from over 200 patients. 
Both were unaware of the type of bowel preparation.

Gastric emptying time (GET) was defined as the time 
interval from the first gastric image to the time of the 
first duodenal image. Small‑bowel transit time (SBTT) 
was defined as the time interval from the first duodenal 

image to the time of the first cecal image, whether or not 
the cecum was reached, and was recorded for each patient. 
SBTT was divided into two intervals of equal duration, the 
first half for the proximal and the second half for the distal 
small bowel.[17]

Small‑bowel cleansing was evaluated using our previously 
described visualized area percentage assessment of cleansing 
score (AAC) grading system.[18]

Evaluation of the stomach and small‑bowel bile 
contents
The Rapid software of the reading station (Given Imaging, 
Yoqneam, Israel),[19] as well as the Jinshan OMOM Imaging 
Station 6.0, shows a tissue color bar for identifying anatomical 
landmarks and maintaining perspective on the location of 
images. The tissue color bar consists of a computerized 
summary of color representations of individual CE images. 
This tissue color bar often contains pronounced greenish 
segments, corresponding to individual CE images of greenish 
luminal contents, consisting mostly of bile.

To measure the greenish luminal contents, an electronic 
high‑resolution image of the Rapid user interface was 
captured using commercially available software (Screen 
Print and Capture 32 3.5, Provtech Ltd., West Kilbride, 
UK). The color bars for the entire tissue, the stomach, the 
small bowel, the proximal and distal segments of small 
bowel were captured individually [Figure 1]. The lengths 
of the greenish luminal contents of the latter four segments 
were calculated using Color Area Statistics software, 
developed by us.

Statistical analysis
Quantitative data are summarized as the mean and 
standard deviation (SD) and compared by t tests. Normally 
distributed variables were compared by analysis of variance, 
and non‑normally distributed variables by Kruskal–Wallis 
tests. Categorical variables were compared by the χ2 test 
or Fisher’s exact test (when expected count was  5) and 
Pearson’s χ2 test. Differences in constituent proportions 
were evaluated by the one‑sample goodness‑of‑fit test. 
A two‑tailed P < 0.05 was considered statistically significant. 
SPSS (version 19.0 Chicago, IL) was used for all statistical 
analyses.

Figure 1: The tissue color bar legend
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RESULTS

Study population and indications for CE
The study enrolled a total of 160 consecutive inpatients 
(73 men and 87 women, aged 18–85 years, mean age 
53.5 ± 12.6 years). Clinical indications for CE included 
obscure gastrointestinal bleeding in 97 patients, abdominal 
pain in 36, and chronic diarrhea in 27. Twelve patients, five 
in Group A and seven in Group B, were not enrolled into 
the analysis because the capsule had not reached the cecum 
before the end of the examination. Of the five patients 
withdrawn from Group A, one refused the procedure; one 
had delayed gastric emptying, with the capsule remaining in 
the stomach for 153 min; and three had capsule retention at 
the intestinal stricture (one with an ileal adenocarcinoma, 
one with a stromal tumor in the jejunum, and one with ileal 
Crohn’s disease). Of the seven patients withdrawn from 
Group B, one refused the procedure; one declined to provide 
consent for this trial after undergoing the procedure; one 
showed capsule retention in the diverticulum; one showed 
capsule retention at the jejunum stenosis and was found 
to have fungating small‑bowel tumors; one was unable to 
swallow the CE; and two had a prolonged transit time, one 
requiring 1 h 55 min for the capsule to leave the stomach 
and the other requiring 2 h 16 min for the capsule to reach 
the duodenum. Finally, 148 patients were involved in the 
analysis. There were no between group differences in gender 
distribution (P = 0.611), age (P = 0.739), and indications 
for CE (P = 0.888) [Table 1].

GET, SBTT, and tissue color bar segments
GET (51.37 ± 12.68 min vs 49.65 ± 11.69 min; t = −0.178, 
P  = 0.630) and SBTT (357.5 ± 51.83 min vs 
348.6 ± 48.43 min; t = 0.564, P = 0.592) were similar in 
Groups A and B. The total length of the captured tissue 
color bar segment (24.89 ± 2.13 cm vs 24.95 ± 2.08 cm, 
t = −0.162, P = 0.872), as well as the lengths of the 
stomach (2.39 ± 0.85 cm vs 2.46 ± 0.76 cm, t = −0.153, 
P = 0.981) and small‑bowel (17.21 ± 3.12 cm vs 
16.92 ± 2.97 cm, t = 0.585, P = 0.560) segments were also 
similar in the two groups. The greenish luminal content 
lengths of the captured distal small‑bowel segments 
were also similar in the two groups (4.80 ± 1.84 cm 
vs 4.96 ± 1.84 cm, t = −0.552, P = 0.581), whereas 
the greenish luminal content lengths of the captured 
tissue color bars of the small‑bowel (6.59 ± 2.18 cm vs 
10.99 ± 2.29 cm, t = −13.74, P = 0.000) and proximal 
small‑bowel (3.18 ± 1.62 cm vs 5.35 ± 1.95, t = −0.7365, 
P = 0.000) segments were significantly shorter in Group A 
than in Group B [Table 2].

Using AAC to evaluate small‑bowel cleansing, with 1.5 
as the cutoff, showed that of the 75 patients in Group A, 
62 (82.7%) were rated as adequate and 13 (17.3%) as 

inadequate. Of the 73 patients in Group B, 39 (53.4%) 
were rated as adequate and 34 (46.6%) as inadequate, 
a statistically significant difference between the two 
groups (χ2 = 14.596, P = 0.000).

Color Area Statistics software measurements of the greenish 
luminal content in the stomach showed that 15 of the 
75 (20%) patients in Group A and six of the 73 (8.2%) in 
Group B were positive (χ2 = 4.217, P = 0.040; Table 3).

Compliance and acceptability
Compliance with each preparation was 100%, and all 
patients completed the procedure without serious adverse 
effects. Two patients discontinued the preparation but 
finally completed the procedure. Adverse events in Group A 
included paroxysmal abdominal pain in two patients, nausea 
in three, vomiting in one, dyspepsia in one, weakness in two, 
and hunger in two. Adverse events in Group B included 
paroxysmal abdominal pain in three patients, nausea in 
three, vomiting in two, dyspepsia in two, weakness in one, 
and hunger in two.

Table 1: Demographic and clinical characteristics of 
148 patients undergoing CE

Patient characteristics Group A 
(n=75)

Group B 
(n=73)

P

Gender
Males 36 (52.9%) 32 (47.1%) χ2=0.258 0.611
Females 39 (48.8%) 41 (51.2%)

Age, mean±SD, years 52.6±11.8 51.3±11.3 t=−0.179 0.739
Indications for CE

Obscure gastrointestinal 
bleeding

48 (51.6%) 45 (48.4%) χ2=0.238 0.888

Abdominal pain 15 (46.9%) 17 (53.1%)
Chronic diarrhea 12 (52.2%) 11 (47.8%)

CE: Capsule endoscopy

Table 2: Comparison of performance parameters of 
CE between the two study groups

Parameters Group A Group B t P
GET (min) 51.37±12.68 47.65±11.69 −0.178 0.630
SBTT (min) 357.5±51.83 348.6±48.43 0.564 0.592
Lengths of captured tissue 
color bar segments, cm 

Total 24.89±2.13 24.95±2.08 −0.162 0.872
Stomach 2.39±0.85 2.46±0.76 −0.153 0.981
Small bowel 17.21±3.12 16.92±2.97 0.585 0.560

Greenish luminal content 
lengths, cm

Small bowel 6.59±2.18 10.99±2.29 −13.74 0.000
Proximal small bowel 3.18±1.62 5.35±1.95 −0.7365 0.000
Distal small bowel 4.80±1.84 4.96±1.84 −0.552 0.581

Results presented as mean±SD. GET: Gastric emptying time, 
SBTT: Small-bowel transit time
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DISCUSSION

Bile acids can damage the gastric mucosa through various 
mechanisms. Hydrotalcite and cholestyramine have been 
reported to be effective in treating bile reflux gastritis.[20,21] 
Hydrotalcite can neutralize stomach acid, adjusting gastric 
pH to 3–5, which is optimal for further treatment, and can 
inhibit pepsin activity. Moreover, hydrotalcite can combine 
with bile acid, removing almost all taurolithocholate, glycyl 
deoxycholic, and chenodeoxycholic acid at pH 3. In addition, 
hydrotalcite has been shown to protect the gastric mucosa 
by promoting the synthesis of prostaglandins, by activating 
bicarbonate storage pools, and by inducing the release of 
epithelial growth factor and basic fibroblast growth factor in 
the stomach.[22] Chenodeoxycholic acid and bile salts have a 
polar, hydrophilic end and a nonpolar, lipophilic end. These 
characteristics can result in cell membrane dissolution after 
cholic acid accumulation. Moreover, decontamination can 
damage the integrity and stability of the cell membrane. 
Orally administered cholestyramine can release chloride ion 
and combine with bile acids to form insoluble, non‑absorbing 
complexes, reducing bile acid damage to the gastric 
mucosa. We found that treatment with hydrotalcite and 
cholestyramine 3 days before bowel preparation significantly 
reduced the percentage of patients with greenish luminal 
contents in the stomach (20% [15/75] vs 8.2% [6/73]; 
χ2 = 4.217, P = 0.040), suggesting that hydrotalcite and 
cholestyramine can reduce the level of bile in the stomach.

Cholestyramine is a type of high molecular weight quaternary 
ammonium anion exchange resin. After oral administration, 
it combines with intestinal bile acids and hinders bile 
acid reabsorption in the ileum, significantly increasing 
the combination of bile acid in the small intestine, while 
reducing bile acid reflux to the liver. This results in liver 
microsomes of 7‑α hydroxylase (rate‑limiting enzyme) in the 
activated state, as well as promoting cholesterol conversion 
or binding to bile acids, and increasing bile acid secretion 
3‑ to 15‑fold.[23,24] Simultaneously, complexes of hydrotalcite 
with bile acids enter into the alkaline environment of the 
small bowel, releasing free bile acids and increasing their 
concentration in the small bowel, as shown by the increased 
percentage of patients in Group B with small intestinal 
greenish luminal contents.

Bile may be the most important factor affecting intestinal 
cleansing, followed by fecal residue, chyme, and bubbles. 

Because no feasible methods have been developed to 
eliminate intestinal bile during small‑bowel preparation, 
we tested whether fasting for 2‑3 days may be effective. 
Ingestion of foods, especially those containing lipids, 
induces bile secretion to emulsify the fats and help in their 
digestion, resulting in bile secretion into and retention by the 
small intestine, and having a negative impact on intestinal 
preparation. Fasting for 2‑3 days can reduce the secretion of 
bile, reducing the effects of bile on bowel cleanliness.

This study had several limitations. First, none of the 
patients underwent gastroscopy prior to CE; thus, we could 
not determine how many of these patients had bile reflux 
gastritis. Second, although the greenish segments of the 
tissue color bar consist mostly of bile, chyme, and fecal 
residue may also be present. However, the software used is 
unable to distinguish among bile, chyme, and fecal residue.

CONCLUSION

Despite the widespread use of CE, methods of bowel 
preparation have drawbacks, especially regarding biliary 
clearance. This study found that the combination of 
hydrotalcite and cholestyramine could reduce the level 
of bile in the stomach, while significantly increasing bile 
levels in the small intestine. This combination is therefore 
not recommended for small‑bowel preparation in patients 
undergoing CE. Because not eating can reduce bile acid 
secretion, fasting for 2‑3 days may result in better small‑bowel 
preparation.
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