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Abstract

AIM: To evaluate the Z-line visualization by the PillCam™
SB2 using three different ingestion protocols.

METHODS: Ninety consecutive patients undergoing
small bowel capsule endoscopy (SBCE) between
January and May 2008 were included in the study.
They swallowed the capsule in the standing (Group A =
30), supine (Group B = 30) and right supine positions
(Group C = 30). Baseline patient characteristics,
difficulties in capsule ingestion, esophageal transit
times (ETT) and Z-line visualization were noted.

RESULTS: No significant differences were found
between the groups with regard to baseline patient
characteristics, ingestion difficulties and complete SB
examinations (P > 0.05). At least 1 frame of the Z-line
was detected in 15.8%, 46.7% and 90% of patients
in groups A, B and C, respectively (P < 0.001). The
average number of Z-line images was 0.21 + 0.53, 3.23
+ 6.59 and 5.53 £ 7.55 and the mean % of the Z-line
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detected was 71.3, 25.1 and 8.3, in groups A, B and C,
respectively (both 2 < 0.001). ETT times were longer
in the supine group followed by the right supine and
the standing groups (median of 237 s vs 64 s and 39 s,
respectively; P < 0.001).

CONCLUSION: Z-line visualization in patients under-
going SBCE can be accurately achieved in most cases
when the capsule is swallowed in the right supine
position.

© 2010 Baishideng. All rights reserved.

Key words: Barrett; Capsule endoscopy; Esophagus;
Gastroesophageal reflux disease; Ingestion; Varices;
Z-line

Peer reviewer: Francis Seow-Choen, Professor, Seow-Choen
Colorectal Centre, Mt Elizabeth Medical Centre, Singapore, 3 Mt
Elizabeth Medical Centre #09-10, Singapore 228510, Singapore

Fernandez-Urien I, Borobio E, Elizalde I, Irisarri R, Vila JJ,
Urman JM, Jimenez J. Z-line examination by the PillCam™
SB: Prospective comparison of three ingestion protocols. World
J Gastroenterol 2010; 16(1): 63-68 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v16/i1/63.htm DOI:
http://dx.doi.org/10.3748/wjg.v16.i11.63

INTRODUCTION

Small bowel examination has recently become possible
because of emerging procedures such as capsule en-
doscopy. As demonstrated by previous studies, capsule
endoscopy is an accurate, easy and safe method which
allows examination of the entire small bowel in most
[1-3]
cases . Moreover, capsule endoscopy has been dem-
onstrated to be more effective than small bowel follow-

through and push-enteroscopy for small bowel exami-
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nation"”. Nevertheless, images and lesions outside the
small bowel (i.e. esophagus, stomach and colon) can also
be detected by the capsulew’m. These images or lesions
are sometimes missed by conventional endoscopy“z’m
which means that non-small bowel segments of capsule
videos should be carefully reviewed by physicians. As the
small bowel capsule is usually swallowed in the standing
position, the esophageal transit time becomes very short
resulting in few images taken in the esophagus. Recent
advances in capsule designs have demonstrated that an
accurate examination of the esophagus is feasible!" .
In fact, the esophageal capsule is swallowed by the pa-
tient in the supine or right supine positions in order to
increase esophageal transit time allowing the capsule to
take more images in the esophagus. However, the esoph-
ageal capsule battery lasts 20 min on average, which
means that only upper gastrointestinal segments, usually
including the esophagus and stomach, can be examined.
Since the small bowel capsule has longer battery time,
the esophagus in addition to the stomach, small bowel
and colon, could be explored. Whether esophageal
mucosa can be accurately explored by the small bowel
capsule in the supine and right supine positions has not
been previously studied. The aims of this study were
to evaluate and compare the Z-line visualization by the
PillCam™ SB in patients undergoing small bowel cap-
sule endoscopy using three different ingestion protocols:
standing, supine and right supine positions.

MATERIALS AND METHODS

Patients

This study was conducted at a single hospital between
January and May 2008. All patients who were not
contraindicated to undergo capsule endoscopy, despite
procedure indications, were suitable for inclusion in the
study. Exclusion criteria were: age < 18 years, swallow and
or esophageal motility disorders and previous prokinetic
drugs administration. Patients were randomized, by means
of computer-generated random numbers, to swallow the
capsule in one of the three different positions: standing
(Group A), supine (Group B) and right supine position
(Group C).

Capsule endoscopy

All capsule procedures were performed with the PillCam™
SB2 (Given Imaging Ltd; Yogneam, Israel). Two CE-
experienced gastroenterologists (Fernandez-Urien I and
Borobio E) reviewed the videos helped by the latest
version of the program RAPID®5.1.

Ingestion protocols

All patients underwent capsule endoscopy after an 8-h
fast. Prokinetics, laxatives or simethicone were not used,
and all patients were asked to drink 100 mL of water
before capsule ingestion in order to clear the esophagus
of secretions. They were also kindly asked not to talk
during the ingestion procedure.
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Standing position (Figure 1A): Patients from Group
A were asked to swallow the capsule in the standing
position with a small amount of water if required (no
more than 20 mL).

Supine position (Figure 1B): Patients from Group B
were asked to swallow the capsule in the supine position
with a small amount of water if required (no more than
20 mL). They remained in this position for two min and
then they were raised to an inclination of 30 degrees for
2 min and 60 degrees for additional 1 min in order to
facilitate the transit of the capsule through the esophagus.
Then, all patients were asked to drink a small sip of water
(10 mL), allowed to sit upright and then asked again
to drink 10 mL of water (in order to ensure complete
esophageal examinations).

Right supine position (Figure 1C): Patients from
Group C were asked to swallow the capsule in the right
supine position with a small amount of water if required
(no more than 20 mL). They remained in this position
for 7 min and then were asked to drink small sips of
water (10 mL) every 30 s helped by a flexible straw in
order to ensure that the capsule reached the distal part
of the esophagus. After that, all patients were allowed to
sit upright and asked to drink 10 mL of water (in order
to ensure complete esophageal examinations).

Variables analyzed

Baseline patient characteristics, difficulties in capsule
ingestion, esophageal transit times (from mouth to stom-
ach) and Z-line visualization were prospectively noted.
Difficulties in capsule ingestion were classified as follows:
easy when the capsule was swallowed before 1 min and
without nausea, difficult when the capsule was swallowed
after 1 min and/or with nausea, and impossible when the
capsule was not swallowed by the patient. The Z-line visu-
alization was measured on screen using a 4-quadrant scale

(Figure 2).

Sample size

Sample size estimation is not possible in the absence of
data regarding the incidence of Z-line visualization with
the PillCam™ SB2 ingested in the supine and right supine
positions. However, assuming an incidence of Z-line
visualization of 10% in the standing position, 35% in
the supine position and 70% in the right supine position,
30 patients would be required in each group to detect
significant differences (with o level set at 0.05 and 3 at
95%).

Statistical analysis

Data from quantitative variables which did not follow
a Gaussian distribution are presented as median and
interquartile range (IQR) and compared using the
Kruskal-Wallis and the Mann-Whitney tests. Those data
from quantitative variables which followed a Gaussian
distribution are presented as mean and standard deviation
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Figure 1 Capsule ingestion in the standing position (A: group A), supine
position (B: group B) and right supine position (C: group C).

2008-07-01

PillCam® SB

Figure 2 Z-line visualization by the PillCam™ SB.

and compared using ANOVA and Tamhane tests (for
post-hoc comparisons, if needed). Qualitative variables
(presented as simple proportions) and proportions are
compared using the Pearson-Fischer y” tests. Statistical

(49
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Table 1 Baseline patient characteristics

Group A Group B Group C (right P

(standing) (supine) supine) value
n 30 30 30 ©)
Age1 (yr) 58.6 £19.3 56.8 £19.1 51.8+£18.3 NS
Gender (M:F)* 14:16 16:14 17:13 NS
BMI' (kg/m’) 25.6+2.8 25228 25658 NS
Indication (%)> OGIB 73.1 OGIB 60 OGIB 66.7 NS
Outpatient (%) 63.2 70 80 NS

'ANOVA test; “Pearson-Fischer y” test. OGIB: Obscure gastrointestinal
bleeding; NS: Not significant.

Table 2 Capsule ingestion 7 (%)

Group A Group B Group C (right P

(standing) (supine) supine) value
Easy' 29 (96.6) 28 (93.3) 28(93.3) NS
Difficult' 1(3.3) 2 (6.6) 2 (6.6) NS
Impossible’ 0(0) 0(0) 0 (0) NS

"Pearson-Fischer y” test.

analysis was performed with SPSS version 15.0 (SPSS Inc;
Chicago, 11, USA). Values of P < 0.05 were considered to
be statistically significant.

RESULTS

Baseline patient characteristics

Baseline patient characteristics are shown in Table 1.
There were no statistically significant differences in age,
gender, body mass index (BMI), procedure indication and
outpatient setting between groups A, B and C (P > 0.05).

Capsule ingestion

Capsule ingestion was possible in all patients (results of
capsule ingestion are summatized in Table 2). Capsule
ingestion was easy in more than 90% of the patients in
all positions. No significant differences were observed

between groups A, B and C (P > 0.05).

Esophageal transit time

Esophageal transit times were significantly longer in the
supine group followed by the right supine and the stand-
ing groups [median IQR) of 237 s (80-474), 64 s (40-108)
and 39 s (24-55), respectively; P < 0.001]. Post-hoc com-
parisons showed that the differences group by group
were also statistically significant (P < 0.05) (Table 3).

Z-line visualization

Table 4 shows the results concerning Z-line visualiza-
tion in the standing, supine and right supine positions. At
least one image of the Z-line was detected by the capsule
in 15.8%, 37.3% and 90% of patients when the capsule
was swallowed in the standing, supine and right supine
positions, respectively (P < 0.001). Post-hoc comparisons
showed that the differences found group by group were
also significant (P < 0.05). The Z-line was detected by the
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Group A Group B Group C (right P
(standing) (supine) supine) value
Median (IQR) 39 (24-55) 237 (80-474) 64 (40-108) < 0.001'
Standing vs ~ Standing vs Supine vs right
supine right supine supine
Transit times P < 0.001> P =0.024 P <0.0017 ®)

'Kruskal-Wallis test; "Mann-Whitney test. IQR: Interquartile range.

Group A Group B Group C (right P

(standing) (supine) supine) value
% 4/30 (15.8%) 11/30 (37.3%) 27/30 (90%) <0.001"
Mean % Z-line 8.68+22.96 2516+34.52 71.33+33.47 <0.001
Mean frames 0.21 +0.53 3.23+£6.59 5.53+£7.55 0.017*

Standing vs ~ Standing vs Supine vs right
supine right supine supine

% patients P=0.027" P <0.001° P <0.001° )
Mean % Z-line NS* P <0.001* P <0.001* ®)
Mean frames NS P =0.002" Ns* )

'Pearson-Fischer y” test; ’ANOVA test; *Pearson-Fischer y” test; “Tamhane
test (post-hoc comparisons).

capsule in 5.5 * 7.5, 3.2 * 6.5 and 0.2 * 0.5 frames per
procedure in the right supine, supine and standing groups.
Although these differences were significant (P < 0.05),
post-hoc comparisons showed that only the differences
between the standing and the right supine groups were
significant (P < 0.05). The mean % of Z-line detected by
the capsule was 71.3% in the right supine group, 25.1% in
the supine group and 8.6% in the standing group. These
differences were also significant (P < 0.001) but post-hoc
comparisons group by group demonstrated that the dif-
ferences between the standing and the supine group were
not significant (P > 0.05).

Complete small bowel examinations

The cecum was reached by the capsule in 89.5%, 86.2%
and 96.7% of cases in the standing, supine and right su-
pine positions, respectively. These differences were not
statistically significant (P > 0.05).

DISCUSSION

Witeless capsule endoscopy has opened a new era for
small bowel examination. In fact, motre than 500000
capsule procedures have been performed worldwide.
Capsule endoscopy offers excellent images of the small
bowel but also from the esophagus, stomach and colon
in most cases. As demonstrated by some previous stud-
ies!"” non-small bowel lesions detected by capsule
endoscopy are sometimes missed by conventional en-
doscopy which means that non-small bowel segments
of capsule videos should be carefully reviewed by physi-
cians. However, esophageal examination with the Pill-
Cam™ SB has been demonstrated not to be feasible in
the standing position'” but possible in the supine and

144

&?s:iﬁmg"‘ WJG | www.wjgnet.com

66

right supine positions as shown with the PillCam™ ESO
capsulem’lgj. Esophageal images taken by the capsule
when it is swallowed in the standing position are not
usually enough in terms of number and quality. Since
the first small bowel examinations, capsule endoscopy
has been performed in the standing position in most
institutions and the reason for this seems to be simple,
to reach the duodenum as soon as possible to ensure
complete small bowel examinations. Currently, the rate
of complete examinations is up to 80% in published
P and it depends on factors such as previous ab-
dominal surgery, patient hospitalization and diabetes. Al-
though there are no references in the literature, it seems
that capsule ingestion in the standing position does not
improve the rate of complete examinations. Moreover,
there is a recent study which concludes that the right
supine position after capsule ingestion improves the rate
of complete examinations”". Thus, there ate no specific
reasons to perform small bowel capsule endoscopy in
the standing position.

The main objective of our study which was to analyze
the Z-line visualization with the PillCam™ SB in the su-
pine and right supine positions has not been previously
analyzed. This new modality of the small bowel capsule
endoscopy procedure could optimize the capsule re-
sources without affecting small bowel examinations and
patients’ tolerability. In fact, we did not find significant
differences in the rate of complete small bowel examina-
tions and patients’ swallowing difficulties despite their
positions during capsule ingestion. Capsule ingestion in
the right supine position was significantly more effec-
tive for Z-line visualization than the standing and supine
positions. On the one hand, our results showed that the
Z-line was detected in most patients who swallowed the
capsule in the right position. On the other hand, the fre-
quency and the quality of Z-line images taken by the cap-
sule were greater in the right supine position than in the
standing and supine positions. Although in some patients
it was not completely visualized by the capsule in the
right supine position, the Z-line was detected more than
5 times per procedure on average. Therefore, it seems
reasonable to affirm that the Z-line was almost com-
pletely visualized in most cases. These results are consist-
ent with those previously obtained by esophageal capsule
endoscopylzz’m.

Surprisingly, esophageal transit times which were sig-
nificantly longer in the supine group did not affect the
Z-line visualization. More time in the esophagus did not
mean more and better images from the Z-line. A reason-
able explanation for this may be the position of the His
angle at the gastroesophageal junction. While the capsule
remains too long in the mid and distal esophagus but far
away from the Z-line when is swallowed in the supine
position, it rapidly reaches the distal esophagus but is
kept by the His angle over the Z-line for several seconds
in the right supine position. Therefore, the right supine
position seems to be anatomically optimal for Z-line ex-
amination. Moreover, a previous study by Gralnek ez a/™”
in healthy volunteers using the PillCam™ ESO, tested

series
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several ingestion procedures including standing, supine,
right supine and left supine positions, concluding that
the right supine position was the best approach to ex-
plore the distal esophagus.

Several studies have previously evaluated the fea-
sibility of capsule endoscopy in the evaluation of the
esophagus, however, the majority of them employed the
PillCam™ ESO. The PillCam ESO and the ESO2 of-
fer excellent images of more than 75% of the Z-line in

22,23 .
221 However, to our knowledge, there is

most patients
only one study which has evaluated the role of the small
bowel capsule for esophageal examinations'”. In that
study, an adequate assessment of the Z-line (50% and
100% of the citcumference) was achieved in 10.4% and
0% of patients in the standing position and in 12.5%
and 37.5% of patients in the supine position. Therefore,
the authors concluded that esophageal examinations
using small bowel capsule endoscopy was not feasible.
Our results in patients who swallowed the capsule in the
standing and supine positions are consistent with those
obtained in that study, however, those authors did not
include the right supine position as an additional com-
parative arm.

In this situation, the main question is: should all pa-
tients undergoing capsule endoscopy, despite indications,
swallow the capsule in the right supine position? The
answer is probably yes, because this alternative is easy to
perform, is not uncomfortable for the patient, is not time
consuming for physicians and the most importantly, it of-
fers excellent images of the Z-line in most cases. Howev-
et, the PillCam™ SB has to demonstrate that it is accurate
in detecting esophageal lesions such as gastroesophageal
reflux disease (GERD) lesions or varices. Other capsule
prototypes such as the PillCam ESO capsule have dem-
onstrated a high diagnostic accuracy for detecting GERD
lesions, Barrett’s esophagus and esophageal varices! '
Nevertheless, it has to be taken into account that this
capsule prototype takes 14 images per second and the
PillCam SB, only 2 per second. Therefore, future stud-
ies in patients with suspected esophageal diseases should
be performed. If favourable results are obtained, then
this alternative should be used in all capsule procedures
including small bowel, colon and of course, esophageal
examinations.

COMMENTS

Background

Capsule endoscopy has become a very important tool for small bowel
examination. However, images from other parts of the gastrointestinal (Gl) tract,
can also be detected by the capsule. These images or lesions are sometimes
missed by conventional endoscopy, which means that images from the
esophagus, stomach and colon should be carefully reviewed.

Research frontiers

Esophageal examination is not feasible if the capsule is ingested in the standing
position as shown by previous studies. With recent prototypes designed for
esophageal examination, new ingestion protocols have been evaluated. The
supine and right supine positions have been demonstrated to be good positions
to achieve a good esophageal examination. Whether the small bowel capsule is
capable of examining the esophagus in these positions has not been previously
studied.
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Innovations and breakthroughs
This study demonstrates that the PillCam SB can accurately explore the Z-line
when it is ingested in the supine and right supine positions.

Applications

Esophageal examination could be of interest in those patients who undergo
capsule endoscopy of the small bowel. Missed lesions in the esophagus by
conventional endoscopy could be detected by the capsule if it is ingested in the
right supine position.

Peer review

This study demonstrate that Z-line examination is those patients undergoing
small bowel capsule endoscopy is feasible if the capsule is ingested in the right
supine position.
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