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Abstract

AIM: To compare small bowel (SB) cleanliness and cap-
sule endoscopy (CE) image quality following Ensure®,
polyethylene glycol (PEG) and standard preparations.

METHODS: A preparation protocol for CE that is both
efficacious and acceptable to patients remains elusive.
Considering the physiological function of the SB as a
site for the digestion and absorption of food and not
as a stool reservoir, preparation consisting of a lig-
uid, fiber-free formula ingested one day before a CE
study might have an advantage over other kinds of
preparations. We conducted a prospective, blind-to-
preparation, two-center study that compared four types
of preparations. The participants’ demographic and
clinical data were collected. Gastric and SB transit times
were calculated. The presence of bile in the duodenum
was scored by a single, blinded-to-preparation gastro-
enterologist expert in CE, as was cleanliness within the
proximal, middle and distal part of the SB. A four-point
scale was used (grade 1 = no bile or residue, grade 4
= 90% of lumen full of bile or residual material).
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RESULTS: The 198 consecutive patients who were
referred to CE studies due to routine medical reasons
were divided into four groups. They all observed a
12-h overnight fast before undergoing CE. Throughout
the 24 h preceding the fast, control group 1 (7 = 45
patients) ate light unrestricted meals, control group 2
(n = 81) also ate light meals but free of fruits and veg-
etables, the PEG group (7 = 50) ate unrestricted light
meals and ingested the PEG preparation, and the En-
sure group (7 = 22) ingested only the Ensure formula.
Preparation with Ensure improved the visualization of
duodenal mucosa (a score of 1.76) by decreasing the
bile content compared to preparation with PEG (a score
of 2.9) (P = 0.053). Overall, as expected, there was
less residue and stool in the proximal part of the SB
than in the middle and distal parts in all groups. The
total score of cleanliness throughout the length of the
SB showed some benefit for Ensure (a score of 1.8)
over control group 2 (a score of 2) (P = 0.06). The
cleanliness grading of the proximal and distal parts of
the SB was similar in all four groups (P = 0.6 for both).
The cleanliness in the middle part of the SB in the PEG
(a score of 1.8) and Ensure groups (a score of 1.7) was
equally better than that of control group 2 (a score of
2.1) (P = 0.057 and P = 0.07, respectively). All 50 PEG
patients had diarrhea as an anticipated side effect,
compared with only one patient in the Ensure group.

CONCLUSION: Preparation with Ensure, a liquid,
fiber-free formula has advantages over standard and
PEG preparations, with significantly fewer side effects
than PEG.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Capsule endoscopy (CE) has become a commonly ap-
plied technology for examining the small bowel (SB)
mucosa™. A review of the literature revealed that there
is no universally accepted protocol for bowel preparation
before a CE study”™!. A proper preparation is one that
decreases the presence of debris, food remnants, bile
and stool content in the intestinal lumen and significantly
increases diagnostic accuracy. Preparation by a 12-h fast
and light meals one day before the procedure, as sug-
gested by the manufacturer of the capsule, is inadequate.
Investigators have prepared the bowels of their patients
with different doses of purgatives [polyethylene glycol
(PEG) or sodium phosphate solution] or prokinetics
(erythromycin, metoclopramide, domperidone and tega-
serod) and/or anti-bubble agents (simethicone)”*". The
main disadvantage of purgatives is that they are not well
tolerated by patients. Moreover, the efficacy of both pur-
gatives and prokinetics is controversial.

The physiologic function of the small intestine is very
different from that of the colon. While the colon func-
tions as a stool reservoir and is full of stool even during
a fast, the small intestine is free of stool or any content
after a 24- to 48-h fast. Since instructing patients to ob-
serve such prolonged fasting before undergoing CE is
unreasonable, ingestion of a liquid, fiber-free formula
instead of food during the 24 h preceding a CE exami-
nation would appear to be a more practical option for
ensuring sufficient cleanliness of the small intestine as
well as good patient compliance. This idea has not been
investigated before.

The aim of this two-center prospective study was to
compare the SB cleanliness and the quality of CE images
of patients who were prepared by ingestion of Ensure
(a fiber-free liquid formula) with those of patients who
were assigned the PEG and two control groups.

MATERIALS AND METHODS

This prospective, blind-to-preparation investigation was
conducted in two Israeli medical centers, the Tel-Aviv
Sourasky Medical Center (TASMC) and the Hillel-Yaffe
Medical Center (HYMC). The protocol of the study
was approved by the local Helsinki committees of both
centers. Consecutive patients who were referred to CE
studies were asked to sign informed consent forms to
participate in the study. The usual medical indications for
CE referral were: (1) suspected Crohn’s disease (CD); (2)
gastrointestinal (GI) bleeding of unknown origin (normal
gastroscopy and colonoscopy); (3) iron deficiency anemia

of unknown origin (normal gastroscopy and colonosco-
py, negative celiac serology); (4) suspected malabsorption
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disease; (5) unexplained abdominal pain; (6) unexplained
chronic diarrhea; and (7) abnormal SB findings on ab-
dominal computerized tomogram (CT).

The exclusion criteria were: age < 18 and > 70 year,
pregnancy, previous surgery involving the GI tract, previ-
ous intestinal obstruction, and refusal to participate in the
study. Because of its sucrose content, diabetes mellitus
was an exclusion criterion for the Ensure group only. The
relevant demographic and medical data were collected,
including: age, gender, the indication for a CE study,
chronic diseases, medications, previous surgeries, and
previous GI endoscopic examinations.

Study group assignment

The patients were divided into four groups and they all
observed a 12-h overnight fast before undergoing CE,
whatever preparation protocol they followed.

The patients who were evaluated at HYMC were
randomly divided into two groups. Those assigned to
the PEG group were instructed to eat light meals and
to ingest two liters of PEG one day before undergoing
CE. Those assigned to the Ensure group were instructed
to drink up to four cans of the Ensure Plus” formula
ad libitum throughout 24 h, and to stop all other food/
beverage intake except for water. Ensure Plus” (Abbott
Laboratories) is a popular, fiber-free, polymeric-balanced
formula with a calotic content of 355 kcal/can, 13 g pro-
tein, 50.1 g carbohydrates, 11.4 g fat, minerals, trace ele-
ments and vitamins.

The patients who underwent the CE study due to
medical indications in TASMC during the same period
of time comprised the two control groups: the control
group 1 patients were instructed to eat light meals during
the day before the CE, and the control group 2 patients
followed a low-fiber diet (without fruits, vegetables and
fiber supplements) for 2 d before CE and ate light meals
one day before undergoing CE.

The CE procedure was standard in both centers. All
patients ingested a PillCam™ SB 2 wireless video capsule
(Given® Diagnostic Imaging System, Yokneam, Israel)
with a small amount of watet. An array of 8 sensors was
attached to the abdominal wall, and a recorder with a
battery was fastened around their waists with a belt. The
patients were allowed to drink liquids two hours after
ingesting the capsule and to eat a light meal four hours
later. Eight hours after capsule ingestion, the recorder
was disconnected and the sensors were removed. The
recorded digital information was downloaded onto the
computer and the images were analyzed using RAPID®
software. The CE films were examined by gastroenter-
ologists with CE expertise in both medical centers. Af-
terwards, a single independent expert who was unaware
of the provenance of the films reviewed all films for the
presence of bile and degree of cleanliness.

The following data were collected and analyzed from
the CE studies: (1) Indications for the CE study grouped
into 3 categories (suspected CD, obscure GI bleeding,
others); (2) Gastric transit time as calculated from the
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Figure 1 Grading of the presence of bile in the duodenum. A: Grade 1; B: Grade 2; C: Grade 3; D: Grade 4.

first view of the gastric mucosa to the first image of the
duodenum, expressed in minutes; (3) SB transit time as
calculated from the first view of the duodenum up to the
first cecal image, expressed in minutes; (4) Final diagnosis
grouped into six categories (established CD, angiodys-
plasia, polyps, nonspecific findings, normal examination,
others); (5) Cecum arrival: a CE study was defined as
having been completed if the capsule reached the cecum.
An abdominal X ray was performed to exclude capsule
retention in cases of non-arrival; (6) The bile presence
score: the presence of bile in the duodenum lumen was
evaluated using a scale of 1 to 4, with 1 representing
none and 4 indicating more than 90% of the lumen being
full of bile (Figure 1); (7) The cleanliness score: SB clean-
liness was evaluated by a 4-point scale, with 1 indicating
no residual material in the lumen and 4 indicating more
than 90% of the lumen having residual material (Figure 2).
The SB section of the CE study was divided into three
parts: proximal, middle and distal. Each part received a
separate cleanliness score; (8) Extra-SB findings, ie., the
number of recorded findings in the esophagus, stomach
and cecum; and (9) Follow-up, including the number of
Ensure cans that were consumed, possible side effects of
Ensure and PEG, level of satisfaction from preparation
in PEG and Ensure groups, patient compliance with the
preparation’s protocol.

Statistical analysis

Descriptive statistics are given as mean and standard devi-
ation for continuous variables and frequency distribution
for categorical variables. Comparisons between patients
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with different protocols of preparation with regard to de-
mographics (age, gender), clinical parameters (indications
for CE study) and CE data (final diagnosis, gastric and
SB transit times, cecal arrival rate, duodenal bile score and
cleanliness score) were performed using the Chi-square,
Fisher’s Exact and unpaired #tests. The non-parametric
Mann-Whitney test was also applied if the continuous
parameters did not follow a normal distribution. Pairwise
comparisons were performed when the results of the
overall tests were significant. The False Discovery Rate
method for adjustment of significance level was used.
Comparison of continuous variables between groups was
performed by one-way analysis of variance (ANOVA)
and the non-parametric ANOVA Kruskal-Wallis test.

Ryan-Einot-Gabriel-Welsch pair-wise comparisons
between groups were employed when the ANOVA indi-
cated significant results. Additionally, post-hoc tests using
Mann-Whitney tests with Bonferroni adjustment were
performed when Kruskal-Wallis test revealed significant
relations between groups and other clinical parameters.
The relationships between transit time and other continu-
ous parameters were examined by the Spearman’s corre-
lation coefficients. All statistical analyses were performed
using SAS for Windows 9.2. The statistical tests were
defined as having a confidence interval of 95%. P < 0.05
was considered statistically significant.

RESULTS

A total of 139 patients were screened to participate in
the PEG and Ensure groups. Sixty-seven of them were
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Figure 2 Grading of small bowel cleanliness. A: Grade 1; B: Grade 2; C: Grade 3; D: Grade 4.

Table 1 Demographics of the entire study population 7 (%)

Group 1 Group 2 Group 3 Group 4 P value
Overnight fast Low fiber diet and overnight fast PEG and overnight fast Ensure and overnight fast
Number of patients 45 81 50 22
Male/female 21/24 42/39 27/23 8/14
Average age (yr) 5518 53 48.5 411 0.0138 (groups 1 and 2 vs 4)
Indication for CE
Suspected CD 11 (24.4) 20 (24.7) 18 (36) 13 (59) 0.0151 (groups 1 and 2 vs 4)
Obscure GI bleeding 29 (64.4) 50 (61.7) 24 (48) 6(27.3) 0.0124 (groups 1 and 2 vs 4)
Others 5(11.2) 11 (13.6) 8 (16) 3(13.7) 0.9265
Number of 3(6.7) 5(6.2) 7 (14) 3 (13.6) 0.14

q 1 q
incomplete cases +1 gastroparesis

+2 gastroparesis

"Incomplete cases = non-arrival to the cecum. CE: Capsule endoscopy; CD: Crohn’s disease; PEG: Polyethylene glycol; GI: Gastrointestinal.

excluded from the study due to the following reasons:
About 13 patients had diabetes mellitus, 18 patients were
younger than 18 years, 11 patients had previous intestinal
surgeries, 8 patients had an urgent CE study, and 17 pa-
tients refused to participate in the study. The remaining
72 patients were divided into either the PEG (#» = 50) or
Ensure (#n = 22) groups. Control group 1 consisted of 45
patients and control group 2 consisted of 81 patients.
Table 1 presents the demographic data of these four
groups of patients. The PEG and Ensure groups were
younger than both control groups. About 24%-25% of
all patients in the control groups were referred to the CE
study in order to rule out CD, about 60%-65% to identify
a reason for obscure GI bleeding and about 11%-14%
for other indications. The percentage of cases with sus-
pected CD was higher in the PEG and Ensure groups
than in the control groups. The reason for these age and
referral differences between the study and control groups
was related to the refusal of more of the older patients to
drink PEG or Ensure. The rate of cases with non-arrival
of the capsule to the cecum was not significantly differ-
ent between the groups (P = 0.14). Capsule retention was
excluded in all cases of incomplete studies by abdominal
X-ray. One control patient and two Ensure patients had
an extremely prolonged gastric transit time (> 4 h) with-
out any anatomic reason on gastroscopy. These three pa-
tients were considered as having gastroparesis and were
not included in the evaluation of the rate of non-arrival
to the cecum. These patients with a gastroparesis were
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25, 33 and 56 years old with no previous intestinal sur-
gery and no diabetes mellitus. They were referred to CE
study to exclude CD and celiac disease and to identify a
reason for iron deficiency anemia.

In order to provide a reliable analysis of image qual-
ity of CE studies, all cases of incomplete studies (non-
arrival to cecum and gastroparesis) and those with in-
complete data were excluded from the analyses in Table 2.
All four resultant groups were very similar to the original
groups with respect to age and indications for CE study.
Opverall, 107 of those 157 cases had a normal study or
non-specific findings (68%). The rate of positive find-
ings by CE was 32%. Twelve of 53 patients with sus-
pected CD were diagnosed as having definite CD, with
a yield of 23% (7.6% of all CE studies). There was an
18% rate of various extra-SB findings. Both gastric tran-
sit time and SB transit time for the four groups showed
no statistical difference (P = 0.29 and P = 0.7, respec-
tively), ranging between 29.1-40.1 min and 220.4-228
min for gastric and SB transit times, respectively.

The presence of duodenal bile was similar in both
control groups (Table 3). Much more bile interfered with
the visualization of duodenal mucosa in the PEG group (a
score of 2.9) than in the Ensure group (a score of 1.70),
and the difference almost reached a level of significance (P
= 0.053). Overall, as expected, there was less residue and
stool in the proximal part of the SB than in the middle
and distal parts in all groups. The cleanliness grading of
the proximal and distal parts of the SB was similar in
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Table 2 Parameters of study population with complete date 7 (%) (mean + SD)

Group 4 P value

Ensure and overnight fast

Group 3
PEG and overnight fast

Group 2
Low fiber diet and
overnight fast

Group 1
Overnight fast

Number of patients 36 61 43 17
Male/female 15/21 34/27 24/19 5/12
Average age (yr) 55.9 58 46.9 41.9
Indication for CE
Suspected CD 8(22.2) 17 (27.8) 17 (39.5) 10 (58.9)
Obscure GI bleeding 23 (63.9) 37 (60.7) 18 (41.9) 4(23.5)
Others 5(13.9) 7 (22.5) 8 (18.6) 3 (17.6)
Final SB diagnosis
Established CD 2 (5.56) 6(9.8) 2 (4.6) 2 (11.8)
Angioectasia 4 (11.1) 11 (18) 4(2.3) 1(5.9)
SB Polyp 1(2.8) 0 0 2 (11.8)
Celiac disease 0 349 0 0
Nonspecific findings 2 (5.56) 7 (11.5) 5 (11.6) 3 (17.6)
Normal study 25 (69.4) 29 (47.5) 29 (67.4) 7 (42.2)
Others 2 (5.56) 5(8.2) 3(7) 2 (11.8)
Extra-SB findings 5(13.9) 16 (26.2) 6 (14) 4(23.5)
Mean gastric transit time (min) ~ 29.1 £35.5 349+313 35.8+29.8 40.1+41 General = 0.29;
0.075 (group 1 vs group 2);
0.08 (group 1 vs group 3)
Mean SB transit time(min) 228 +95.4 2204 +81.4 239.6 + 84 222.4+100.4 General = 0.7

CE: Capsule endoscopy; SB: Small bowel; CD: Crohn'’s disease; GI: Gastrointestinal.

Table 3 Scoring of bile presence and cleanliness of small bowel (mean + SD)

Group 4 P value

Ensure and overnight fast

Group 2 Group 3

Low fiber diet and PEG and overnight fast
overnight fast

Group 1
Overnight fast

Number of patients 36 61 43 17
Duodenal bile score 1.96 +0.7 1.9+0.6 29+0.6 1.76 £ 0.6 General = 0.15;
0.053 (group 3 vs group 4)
Cleanliness of proximal SB 1.8+ 0.6 1.8+04 1.7+04 1.6 £0.34 General = 0.6
Cleanliness of middle SB 19+0.7 21+06 1.8+0.6 1.7+£0.5 General = 0.16;
0.057 (group 2 vs group 3);
0.07 (group 2 vs group 4)
Cleanliness of distal SB 22+0.7 22+06 23+0.8 21+0.6 General = 0.6
Total score of clearness 197 £0.7 2+0.6 19+0.6 1.8+0.5 General = 0.4;
0.06 (group 2 vs group 4)

SB: Small bowel; PEG: Polyethylene glycol.

all four groups (P = 0.6 and P = 0.6, respectively). The
scores of the middle part of the SB in the PEG and En-
sure groups were lower than that of the control group 2 (P
= 0.057 and P = 0.07, respectively). The total cleanliness
score for the entire length of the SB showed some dif-
ference between that same control group and the Ensure
group (P = 0.06), with a benefit for the latter.

Patient compliance among the PEG and Ensure groups
was similar (1.25 and 1.2, respectively, P = 0.7), as was sub-
jective feeling during the preparation for CE (P = 0.163).
The patients succeeded in drinking an average of two cans
of Ensure, ranging from 0.25 to 4 cans per day. All 50 PEG
patients had diarrhea during the day they drank it, com-
pated to only one of the 22 patients in the Ensure group.

DISCUSSION

Our prospective, blind-to-preparation, two-center study
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demonstrated that a preparation by a liquid, fiber-free
formula (Ensure) before a CE study has several advantag-
es over other types of preparation. First, it improved the
visualization in the duodenum by slightly decreasing the
amount of bile compared with the control groups and
by decreasing the amount of bile to a level that almost
reached statistical significance compared with the PEG
group (P = 0.053). Secondly, the total score of cleanliness
throughout the length of the SB showed some benefit for
the Ensure preparation over one of the control groups (P
= 0.06). Finally, the cleanliness in the middle part of the
SB of the patients in both the PEG and Ensure groups
was better than that of one of control groups (P = 0.057
and P = 0.07, respectively). However, all patients in the
PEG group had diarrhea as a side effect, compared to
only one patient in the Ensure group.

Many studies have dealt with the issue of prepara-
tion before a CE study by means of different kinds of
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study approached this problem by considering the physi-
ological function of the SB as a place for the digestion
and absorption of food and not as a reservoir for stools.
As such, we expected that preparation with a liquid, fiber-
free formula for one day before the CE study (followed
by a 12-h overnight fast) should ensure SB cleanliness by
keeping the amount of residue in the SB to a minimum.
The results of our study bore out these expectations by
demonstrating a positive impact of Ensure preparation
on the bile score in the duodenum compared with the
score for the PEG group and a total cleanliness score
compared with one of the control groups. The Ensure
preparation proved itself as good as PEG in terms of
cleanliness in the middle part of the SB, with much less
reported diarrhea. The statistical differences that showed
strong trends but that rarely decreased below 0.05 to
indicate significance could probably be related to the rela-
tively small number of patients in the Ensure preparation
group.

Our choice of Ensure Plus to serve as a very low-
residue diet was arbitrary. We could have used any other
commercially available free-fiber liquid formula and even
a milkshake or soy-milkshake.

The efficacy of the PEG preparation is controversial.
Some studies showed its benefit over a 12-h fast'"""**"
while others reported no advantage[m’m. It is obvious that
preparation with 2 liters of PEG is as good as 4 liters™.
Morte bile in the images of the PEG group led to poorer
image quality in the duodenum than that of the Ensure
group. The cleanliness in the middle part of the SB was
similar to that of the Ensure group and better than that
of the control groups, without there being any effect on
the cleanliness of the proximal and distal parts. However,
diarrhea as a common side effect was a significant disad-
vantage of PEG compared with Ensure and the control
groups.

This study has a number of limitations. Although
we succeeded in recruiting enough patients in the PEG
and control groups for conducting capsule studies, the
Ensure group was small. Therefore, some of our results
could not reach a level of statistical significance. In ad-
dition, there were some basic differences between the
groups: the PEG and ENSURE groups included younger
populations with a higher percentage of CD patients.
One important advantage of this study was the fact that
all the scoring was done by a single blind-to-prepatration
expert in CE studies.

In summary, this prospective, two-center study raised,
for the first time, the option of preparation for CE study
with a liquid, fiber-free formula, and showed that it has
some advantage over standard preparation or/and PEG,
with significantly fewer side effects than PEG.
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COMMENTS

Background

Capsule endoscopy (CE) has become a commonly used technology for exam-
ining the small bowel (SB) mucosa. A proper preparation decreases the amount
of debris, food remnants, bile and stool present in the intestinal lumen and
significantly increases diagnostic accuracy. However, there is no universally
accepted protocol for SB preparation before a CE study. A standard preparation
by 12-h fast and light meals one day before the procedure is inadequate. Prep-
arations with purgatives are not well tolerated by patients, and their efficacy is
controversial.

Research frontiers

Considering the physiological function of the SB as a site for the digestion and
absorption of food and not as a stool reservoir, a preparation consisting of a lig-
uid, fiber-free formula (like Ensure®) ingested one day before a CE study might
have an advantage over other kinds of preparations. The aim of this two-center
prospective, blind-to-preparation study was to compare the SB cleanliness and
the quality of CE images of patients who were prepared by ingestion of Ensure® with
those of patients who were assigned to the polyethylene glycol (PEG) group
and two control groups that received standard preparation.

Innovations and breakthroughs

Preparation with Ensure® improved the visualization of duodenal mucosa by
decreasing the bile content compared to preparation with PEG. The total score
of cleanliness throughout the length of the SB showed some benefit for Ensure®
over one of control groups. The cleanliness in the middle part of the SB in the
PEG and Ensure® groups was equally better over of one of the control groups.
As expected, all 50 PEG patients had diarrhea as a side effect, compared with
only one patient in the Ensure group. This study presents for the first time a
novel idea that preparation for undergoing CE of the SB should be completely
different from the preparation for endoscopic examination of a colon and should
be based on fasting and a liquid, fiber-free formula and not on purgatives.

Applications

This study results suggest that the preparation with Ensure®, a liquid, fiber-free
formula has advantages over standard and PEG preparations, with significantly
fewer side effects than PEG.

Terminology

Capsule endoscopy: CE is a technology that uses a swallowed wireless video
capsule for photographing the inside of the esophagus, stomach, and small
intestine. The images are transmitted it to a belt-holded recorder. It is a well-
accepted tool which provides a direct and noninvasive approach to view the
entire small bowel mucosa. This technology has enriched the knowledge on
small bowel pathology and revolutionized the overall management of SB dis-
eases.

Peer review

The manuscript is well-written and refers to an important issue in light of the
increasing utility of the CE modality. The authors present a novel approach to a
common “real life” issue and provide a new opportunity for an easy and conve-
nient preparation.
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