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Introduction:

Obscure digestive bleeding, defined as overt bleeding and/or anemia
with a negative endoscopic workup including complete colonoscopy and
gastroscopy, represents 5 % of digestive bleedings and 10000 cases each year in
the United States. Bleeding lesions located in the small bowel explain the majority
of these clinical situations (1,2), and the major aetiologies are telangiectasias,
tumors and ulcerations. Capsule endoscopy, a highly efficient and non invasive
test, is now recommended as the first line exploration in this situation of obscure
digestive bleedings. Other modalities of small bowel examination (including
double balloon enteroscopy) compared negatively to capsule endoscopy in
prospective studies and metaanalyses, with a 55 to 75% diagnostic yield of
capsule endoscopy (3,4).
Different

capsule

endoscopy

systems

exist,

3

of

them

being

commercialized respectively by Given Imaging (Pilcam SB2®), Olympus and
Intromedics (Mirocam®). Most small-bowel capsule studies have been performed
with the Pilcam SB2® capsule and its efficiency has been widely reported. Few
studies used the Olympus® capsule, and only one comparative study including
40 patients suggested a comparable diagnostic yield of the two capsules in
patients with obscure digestive bleeding (5,6). The major difference between
these two sytems is the image capture system : CCD type for Olympus®, CMOS
for Pilcam SB2®. The Mirocam® capsule is more recent, with one important
difference compared with the 2 previous systems : the image transmission
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system of the Mirocam capsule uses electric field propagation instead of Radio
Frequency (RF). This system is based on the natural electrical impulses of the
human body as the transport medium, leading to a lower energy requirement and
thus a longer recording time (ref). A first study, in 41 volunteers has shown the
safety of the Mirocam capsule and it’s ability to produce high quality images of the
small bowel in all patients (7). The aim of the present study was to compare the
diagnostic yield of the Pillcam SB2® and Mirocam® capsules in a prospective,
randomized study, including patients with obscure digestive bleeding. The major
end-point of the study was to evaluate the concordance between the two capsule
examinations, and the secondary objectives were the diagnostic yield and the
quality of images obtained by both systems.
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Materials and Methods :

Patients :

We included 83 consecutive patients (39 men, 44 women, mean age 65,
range 22-86 yr), between July 2008 and August 2009, in 7 french referal centers
from the french society of digestive endoscopy (SFED). Patients were refered for
small-bowel capsule exploration of unexplained (obscure or occult) digestive
bleeding. Previous endoscopic work-up included negative gastroscopy and
colonoscopy within 6 months before the capsule examination in all patients.
Patients below 18 years of age, or with occlusive symptoms, or with a pace
maker, were excluded.

Capsule procedure :

Given imaging SB2® and Mirocam® capsules were used. The Given
imaging capsule has been described before.(Ref) The Mirocam® capsule
measures 24 x 11 mm, has a view angle of 150 °, takes 3 images per second,
and has an 11 hours recording time potential. A small-bowel preparation (mostly
PEG) was performed in most centers before capsule ingestion, but there was no
recommendation, and in 1 of the centers patients didn’t take any preparation.
Each patient ingested the two capsules at 1 hour interval, in a randomized order.
For each patient, the two capsule films were red in randomized order by 2
experimented readers in each center. The two readings were performed blindly,
the reading frame was free to each operator, but the Given Imaging quick-view
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algorithm was not used. The quality of the preparation was evaluated by each
reader in a 5 value scale from 1 (insufficient preparation) to 5 (excellent). For
each dedicated lesion identified, the image quality, depth and lightening were
estimated by each reader on a scale from 1 (bad quality) to 3 (excellent).
Technical issues, the time of gastric and small bowel transit, and the reading time
of the small bowel examination were recorded. For each lesion identified by the
reader, the transit time, the small-bowel site, the image quality, and the possible
diagnosis were recorded. Images were classified according to their relevance,
using a previously validated scale : P2

with high bleeding potential, P1 with

intermediate bleeding potential and P0 with no bleeding potential [1]. The major
endpoint of the study was the concordance between the two capsule
examinations with a k value > 0.6. An image per image review of discordant
cases by three experimented readers was performed.

Interpretation of the results :
Non significant (P0) lesions and images located outside the small
intestine were not considered. As for per patient analysis, we considered the final
diagnosis corresponding to a P1 or P2 lesion, according to the description of the
most important or the most relevant lesion or group of lesions. The sensitivity of
each capsule examination was calculated using as true-positive cases the sum of
positive cases obtained at Mirocam® and Given imaging® readings, after expert
review of discordant cases. In a per lesion analysis, each lesion (up to three main
lesions found at capsule reading) or group of lesions was analysed independently.
In patients with multiple (> 10) repetitive lesions (ulceration in Crohn’s,
telangiectasia in Weber-Rendu disease), only one diagnosis was considered and
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no image-per-image analysis was made. Review : After a first interpretation of the
results was performed by each independent reader, cases were classified into
concordant positive, concordant negative, and discordant cases. All discordant
cases, and only discordant cases, were reviewed during one session by 5
experienced readers. An image per image comparison was done and the
complete film was red a second time when necessary.

Statistical analysis : We calculated the k inter-observer agreement
coefficient between paired (Given Imaging and Mirocam) capsule readings. For
statistical analysis, we used the SPSS 12.0 version software (SPSS Inc, Chicago,
Il) in a Windows XP (Microscoft, Seattle, WA) environment. A p value < 0.05 was
considered significant.
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Results:
A total of 83 patients were included. No side effect was reported by any
patient during the procedures. Capsule excretion was observed by 64 patients
during an 8 day period after ingestion. Because of 10 technical issues, only 73
patients had comparative data analyzed. The technical issues were due to 6
premature stops of the Mirocam® capsule recording and two premature stops of
the Pillcam SB2® capsule recording, 1 failure of Mirocam® film extraction and
one destruction of a Mirocam® capsule by the patient. Technical failures thus
concerned the Mirocam® capsule in 8 patients (9,7%) and the Pillcam SB2®
capsule in 2 patient (2,4 %). All Mirocam® technical issues occurred in the first
six months of the study.

Crude results of capsule readings and expert review :

Initial reading : Initial capsule reading was considered as positive in
50,7 % of the 73 patients (n= 37, 21 P2 lesions, 16 P1 lesions) with Pillcam SB2®
capsule and in 54,8% (n= 40, 28 P2 lesions, 12 P1 lesions) with Mirocam®
capsule. In 27 cases (37,0 %) both readings were negative in a concordant way
(with no lesions or P0 lesion). In 21 patients (28,8 %, figure 3) both readings were
positive in a concordant way : 18 (24,6%) with concordant P2 images, 3 (4,1 %)
with concordant P1 images. There was a total of 48 concordant results (65,8%).
In 25 cases (34,3 %) the conclusion after both readings was different, and these
films were reviewed (Table 3).
Discordant cases : Expert review of the 25 discordant cases showed that
the same images were classified differently in 13 cases : 4 false positive cases in
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one procedure, 1 false negative at Given SB2 reading (P2 telangiectasia) and
positive at Mirocam, 8 lesions classified differently by the two readers but
identical for experts (4 P1 and 4 P2 lesions). Regarding the 12 remaning
discordant cases, 9 patients (12,3 %) had positive findings at Mirocam® but no
image detected at Pillcam SB2®, even after a second reading (4 P2
telangiectasias, 3 P1 telangiectasias, 2 P1 duodenitis) ; in 2 patients (2,7%) the
Pillcam SB2® reading identified a lesion (1 P1 ulceration and 1 P1 telangiectasia)
that was absent from the Mirocam° film. One patient had a different lesion
identified by each capsule reading (one P2 telangiectasia at Mirocam° and one
P1 ulceration at Pilcam SB2® reading).
Final results : After review, a positive diagnosis was obtained in 46,6 %
of patients (n= 34, 24 P2, 10 P1) with Pillcam SB2® and 56,2% (n= 41, 30 P2, 11
P1) with Mirocam®. There were 31 (42,4 %) concordant negative cases, 30
(41,1 %) concordant positive cases, and 12 discordant cases (16,4 %) (figure 3).

Per patient analysis :
After review of discordant cases, the value or the kappa concordance
coefficient was of 0,66 corresponding to the main objective of the study. We then
considered, as a gold standard, all significant lesions detected in the 73
analyzable cases and confirmed after expert review. In this setting, the Mirocam®
procedure identified 95.2 % of positive patients as compared to 78,6 % for
Pillcam SB2®. In an intention to treat analysis, thus considering the first reading
before review and including technical failures (83 patients), the Mirocam®
procedure led to a positive diagnostic in 49,4 % (n=41, 29 P2, 12 P1) as
compared to 49,4 % (n=41, 23 P2, 18 P1) for the Pillcam SB2® procedure (one
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positive diagnosis in the two patients with Pillcam SB2® failure, 4 positive
diagnosis in 8 cases with Mirocam® failures.

Per lesion analysis (Table 1) :
Table 1 shows the number and different types of lesions identified at both
capsule readings. Considering the results after expert review,

53 lesions or

groups of lesions were observed at Mirocam® reading (11 P1, 42 P2) and 43 at
Pillcam SB2° reading (8 P1, 34 P2). There were 9 P2 lesions (8 telangiectasias, 1
tumor) and 5 P1 lesions (4 telangiectasias, 1 jejunal ulcer) described only at
Mirocam® reading. Inversly, 2 P1 telangiectasias and 2 P2 telangiectasias were
observed only at Pilcam SB2® reading. Thus, the Mirocam® capsule detected
93.0 % of significant lesions detected by combined procedures, as compared to
75.4 % for Pilcam SB2® capsule.

Transit time, reading time and image quality (Figure 3) :
The mean gastric and small bowel transit time were of 37,8 min (range 1203 min) and 234,5 min (range 51-502 min) with the Pilcam SB2® capsule versus
47,9 min (range 3-232) and 268,1 min (range 58-538) with the Mirocam® capsule.
The mean reading time was of 25,4 min with Pilcam SB2® capsule and 40,3 min
with Mirocam® capsule (p < 0.05). The reading time of the Mirocam films
decreased comparing the first 6 months to the last 6 months of the study from a
mean of 42,6 min (range 22-130 min) to a mean 34,4 min (range 22-80 min). On
a scale from one to three (see methods), the mean quality score of image quality,
field depth and lightening, were of 2.7, 2.5 and 2.5 for and of 2.6, 2.5 and 2.5 for
the Pilcam SB2® and the Mirocam® capsules respectively (NS for all criteria).
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The mean preparation quality score was comparable as evaluated with the
Pilcam SB2® (3.9) and Mirocam® (3.8) capsules.
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Discussion :

The Given Pilcam SB2® capsule endoscopy system is largely used
worldwide, and this methodology of small bowel examination has been
progressively accepted as the first intention exam in patients with obscure
digestive bleedings. The Mirocam® capsule endoscopy system is much more
recent with only one descriptive study published in an abstract form and
concerning 41 volunteers. This study showed the absence of side effects of this
system and its ability to produce high quality images of the small bowel in all
patients (7). The present prospective randomized study was necessary to
demonstrate the clinical efficiency of this new system. The observed concordance
rate between the two capsule examinations performed in the same patients
shows that the Mirocam° system can be used efficiently in clinical practice. In 73
patients having both examinations completed, the diagnostic yield of the
Mirocam° and Given SB2° systems were of 56.2 % and 46.6 % respectively. In
these 73 patients, 18 lesions were diagnosed by only one procedure (14
Mirocam®, 4 Pillcam®). According to the limited number of patients, this
difference was not significant. Increasing the study power by including a high
number of patients would have been necessary to seek for a significant difference
regarding the diagnostic yield, but this was not the aim of the present work. There
is a possibility, yet to be demonstrated, that increasing the image number (3
versus 2 images per second) and increasing the transit time, wich was the case
with the Mirocam° capsule for an unknown reason, increases the diagnostic yield
of a small bowel capsule examination. The mean calculated number of images
obtained with the Pilcam SB2® capsule was of 28140 as compared to 48258
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images for the Mirocam® capsule. Regarding transit time, the mean small bowel
transit time was clearly different with the two sytems (Mirocam® small-bowel
transit time : a mean of 268,1 min versus 234,5 min with Pilcam SB2®). This
difference can possibly be explained by the higher weight of the Mirocam®
capsule.
We observed frequent technical issues in the first 6 months of the study,
mostly with the Mirocam° capsule. However, unusual technical failures were also
observed in few cases with the Pilcam SB2° capsule, so that a technical
interference between the two capsules ingested in the same patients cannot be
excluded. Including these technical issues resulted, in an intention to treat
analysis, into an identical diagnostic yield of both capsule systems. One important
issue regarding the use of capsule endoscopy is the reading time. According to a
higher number of recorded images, the reading time was significantly longer
using the Mirocam® system (a mean of 40,3 min versus 25,4 min). Interestingly,
the reading time of the Mirocam® capsule films dropped in the second part of the
study with from a mean of 42.6 to 34.4 min. Anyway, reading time is a major point
in clinical practice and reducing it is an important aim of future developments.
Given Imaging® developed a “Quick view” informatic algorithm with two potentials
including shortening of reading time and improving the detection of significant
lesions. The French capsule commission reported the evaluation of the Quick
view system® [26] with a clear reading time reduction (a mean of 11,6 min) and a
93.5 % detection rate of significant lesions, comparable to standard reading.
Comparable systems will probably be available in the near future with other
capsule systems, including the Mirocam° system.
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Limitations of the present work included the number of patients, the lack
of blind capsule reading, and interferences between the two capsules. The study
was designed to evaluate the diagnostic concordance of the two capsule systems.
Accordingly, only 80 patients were included compared to 300 if the major
objective had been to compare the percentage of patients with a significant
diagnosis, estimating a 10 % difference between the two systems. Secondly,
there was no obvious feasibility of performing unblinded reading of the two
capsules films : we did perform a randomization of the two readers in each center,
but the very different appearance of the softwares used did not allow a bling
reading of the films. Finally, capsules came in contact to each other in several
patients, maybe partly because of a shorter transit time of the Pillcam SB2®
capsule. As the screen was partially obstructed by the other capsule, there was a
reduction of the mucosal surface visualized in this situation. Moreover, this
interference could possibly explain some of the technical issues encountered
during the study. An important point, in order to limit interpretation bias, was the
review of discordant cases. In fact, 25 initially discordant cases were reviewed,
and among them only 12 were finally considered as really different : 13 (17,8%)
were considered as concordant after review. There is also a possibility, yet
unevaluated, that new discordant cases would have been observed by reviewing
also concordant cases.

In conclusion, this study shows a comparable efficiency of the Mirocam®
capsule as compared to Pilcam SB2° capsule system regarding the diagnostic
yield and image quality. In patients with both capsule films available, the
Mirocam® system gave a 56,2 % positive diagnostic rate versus 46,6 % for the
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Pilcam SB2° system. This non significant difference may be explained in part by
the longer transit time and the higher number of images produced. On the other
hand, this higher number of images was associated with a longer reading time
(40.3 min versus 25.4), that can probably be reduced after a short learning curve.
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