
Introduction
Capsule endoscopy (CE) was introduced by Iddan et al. in 2000,
and PillCam (Yoqneam, Given Imaging, Atlanta, Georgia, Uni-
ted States) was the first capsule endoscopic system approved
for clinical use in Europe and the United States in 2001. Intro-
duction of CE has enhanced diagnosis of small intestinal dis-
eases. CE provides noninvasive, clear visualization of the small
intestine without pain [1]. With the improvement in image re-
solution, the viewing angle was subsequently widened from
140° to 156°, and a second-generation PillCam SB2 with bat-

tery life extension was developed. The third-generation PillCam
SB3 capsule offers 30% improved image resolution compared
to the PillCam SB2 and is currently in clinical use [2].

The analytical software RAPID is combined with the PillCam
SB3CE system. The latest version PillCam SB3/RAPID 8.0 or 8.3
system has improved RAPID interface, image processing func-
tions (e. g., flexible spectral imaging color enhancement), per-
formance (e. g., installation of a quick view mode), and im-
proved video image reading by at least 40%, compared with
the PillCam SB2 system, mainly due to improvement in the soft-
ware algorithm.

Does the PillCam SB3 capsule endoscopy system improve
image reading efficiency irrespective of experience?
A pilot study
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ABSTRACT

Background and study aims The aim of this study was tp

compare the diagnostic efficiency of the PillCam SB3 cap-

sule endoscopy (CE) system with the older system, PillCam

SB2, taking into consideration the experience of the image

reader.

Patients and methods Small intestinal CE was conducted

on 64 patients around May 2014 when the SB3 was intro-

duced in our hospital. Data obtained from 20 patients

(SB2: 10 and SB3: 10) based on transit time were assessed

by junior (experience: 20 images), intermediate (> 50), and

expert readers (> 600).

Results Reading time with the CE down to the end of the

small intestine was shorter in the SB3 group for each reader

(SB2 vs. SB3: junior, 40.2 ±10.1 vs. 23.7 ±6.7 [P=0.0009];

intermediate, 21.4 ±4.9 vs. 10.3 ±2.9 [P=0.0003]; expert,

23.2 ±5.6 vs. 11.1 ±2.9min [P=0.0002]). Interpretation

agreement rates between the findings by junior and inter-

mediate readers and those by the expert reader were

84.6% and 92.3%, respectively. For the junior reader, rates

of agreement using the SB2 and SB3 systems with those by

the expert reader were 85.7% and 83.3%, respectively; no

significant difference was noted between the two systems.

Similarly, for the intermediate reader, the respective agree-

ment rates using the SB2 and SB3 systems were 85.7% and

100%, respectively.

Conclusions The PillCam SB3 reduces the time burden on

readers irrespective of their experience.
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Video interpretation of CE is primarily the responsibility of
experienced physicians, but is also sometimes performed by
novice physicians, nurses who have acquired some degree of
skill, and endoscopic technicians. However, it is not clear
whether the third-generation CE system provides efficient vid-
eo image reading in all cases.

The aim of the current study was to verify whether the third-
generation PillCam SB3/RAPID 8.3CE system allows reliable
video image reading by readers with variable degrees of experi-
ence.

Patients and methods
A series of 64 patients underwent small intestinal CE around
May 2014, when the PillCam SB3 system was introduced at our
hospital. Patients enrolled in this retrospective study were
divided into two groups: the PillCam SB2 system group (SB2
group; n =30, including 15 with obscure gastrointestinal bleed-
ing (OGIB), 9 with Crohn's disease, and 6 with miscellaneous
diseases; 18 men/12 women; age: 52.8±19.3 years; mean
small bowel transit time: 262±170min [range, 40–857 min],
mean± SD), and PillCam SB3 system group (SB3 group; n =34,
including 10 with OGIB, 10 with Crohn's disease, and 14 with
miscellaneous gastrointestinal diseases; 25 men/9 women;
age: 49.1 ±20.2 years; small bowel transit time: 233±134min
[76–636min]). This study was conducted on a series of 64 pa-
tients. The small bowel transit time varied widely among the
patients. Therefore, to reduce the effect of this variable on the
results, 10 patients from each group with small intestine transit
times closest to the mean value for that group were selected for
inclusion in this study (▶Table 1). Mean transit times for the
analyzed groups were 244±47 minutes in the SB2 group and
233±31 minutes in the SB3 group. First, we obtained clinical
data on the 20 selected patients from their medical records.
Second, the cases were anonymized, and the data randomized.
Third, three readers with different degrees of experience, who
were blinded to the clinical data, were asked to read the obtain-
ed CE images from the 20 patients (▶Table 2). The images
were interpreted after preparation of thumbnails of the esoph-

agus, stomach, duodenum, and cecum. During examination,
each reader created thumbnails and commented on each im-
age. Video image reading time was defined as the time required
for playback of all images from start to end of video and crea-
tion of all thumbnails. Image reading times of the SB2 and SB3
groups and number of thumbnails of significant findings cre-
ated by each reader were compared. The rate of diagnosis of
significant findings among the readers was also compared. Pa-
tients who did not present with significant findings were also
included in this study.

Image reading setting

CE was conducted in the standard manner. Routine medications
were administered as usual, and the patients were instructed to
fast for more than 12 hours from 21:00 the day before examina-
tion. Dimethicone (15mL) was administered orally 30 minutes
before the examination. The CE (with Pillcam SB2 or SB3) was
swallowed with tap water. Two hours after the start of examina-
tion, drinking water was allowed and a meal was provided 4
hours after swallowing the CE. After completion of the exami-
nation, excretion of the capsule was confirmed visually.

The PillCam SB2 system consists of a DR2 recorder, PillCam
SB2 capsule endoscopy, and RAPID ver. 6.5 video production
software (Given Imaging, Yokneam Illit, Israel). The PillCam
SB3 system consists of a DR3 recorder, PillCam SB3 capsule
endoscopy, and RAPID ver. 8.0 video creation software. The RA-
PID ver. 8.0 software was used for interpretation of all record-
ings (including those by PillCam SB2). After creating the start-
ing thumbnail of the digestive tract, image reading was per-
formed. The method of image reading was as follows: With the
PillCam SB2 system, the recorded data were stored in manual
mode using four screens at 28 times speed (1 screen/7 times
speed), while in the PillCam SB3 system, the recorded data
were stored in the review mode using four screens at 28 times
speed (1 screen/7 times speed).

▶ Table 1 Characteristics of participating patients and capsule endoscopy transit time to different parts of the digestive system, using the PillCam
SB2 and SB3 systems

Parameter Study patients P value

SB2 (n=10) SB3 (n=10)

Male/female 5/5 9/1 0.1409

Age (mean± SD), years 50± 19.0 48.4 ±20.4 0.9096

Preparation (mosapride citrate), Y/N 7/3 7/3 1.0000

Esophageal transit time (sec) 3.7 ± 2.4 2.9 ±1.8 0.5621

Gastric transit time (min) 16± 17.9 16± 13.3 0.7042

Small bowel transit time (min) 244 ±47.3 233 ±30.7 0.6499

Colon sojourn time (min) 121 ±52.4 135 ±52.5 0.4963

Total examination time (min) 382 ±46.3 384 ±43.2 0.7913
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Definition of readers

Readers (T.O., T. H., and S. S.) with different experience levels
interpreted the recorded data. The junior reader (S. S.) comple-
ted the image reading training program formulated by the Ja-
panese Association for Capsule Endoscopy and was a clinical la-
boratory technician with past experience of 20 video image
readings. The intermediate reader was a gastroenterologist
(T.H.) who had completed more than 50 video image readings.
The expert reader (T.O.) was a gastroenterological endoscopist
who had performed more than 600 video image readings.

Ethical considerations

All patients fulfilled the eligibility criteria for CE. The need for
CE examination, its risks, and countermeasures against poten-
tial complications were carefully explained to each patient,
and written informed consent was obtained. The study proto-
col was reviewed and approved by the Human Ethics Review
Committee of our university [registry number 4115].

Statistical analysis

All data are expressed as mean± standard deviation. Differen-
ces between groups were analyzed with Fischer’s exact test
and t-test or Wilcoxon’s rank test, as appropriate. A P value
<0.05 indicated statistically significant difference. JMP statisti-
cal analysis software (version 11, SAS, Cary, NC) was used in all
analyses.

Results
There were no significant differences in clinical background of
the SB2 and SB3 patients, including age, sex distribution, and
rate of background gastrointestinal diseases. Gastrointestinal
transit times were similar between the two groups, including
esophageal, gastric, small intestinal, and large intestinal transit
times, as well as total transit time. In all cases, CE completed
imaging of the small intestine within the examination time,
and we were able to examine the small intestine (▶Table 1).
Image reading times from the start of reading to the end of
the small intestine were as follows for the SB2 and SB3 groups:
junior: 40.2 ±10.1 vs. 23.7 ±6.7 minutes (P=0.0009), inter-
mediate: 21.4±4.9 vs. 10.3±2.9min (P=0.0003), and expert:

▶ Table 2 Purpose of capsule endoscopy examination and main findings in 20 patients.

Patient no. SB Purpose of examination Main capsule endoscopy findings

1 SB2 OGIB Angioectasia

2 SB2 Crohn’s disease Erosion/ulceration

3 SB2 Suspected ischemic enteritis No significant findings (lymphangiectasia)

4 SB3 Cronkhite-Canada syndrome Cronkhite-Canada polyps

5 SB3 Crohn’s disease Erosion

6 SB2 Crohn’s disease Erosion/ulceration

7 SB3 Crohn’s disease Erosion

8 SB2 Cronkhite-Canada syndrome Cronkhite-Canada polyps

9 SB2 Suspected tumor No significant findings (red spot)

10 SB2 OGIB Polyp

11 SB3 OGIB Diverticulum

12 SB3 Suspected Crohn’s disease No significant findings (red spot, lymphangiectasia)

13 SB3 OGIB No significant findings (red spot, lymphangiectasia)

14 SB3 Bechet disease No significant findings (red spot)

15 SB3 Ulcerative colitis No significant findings (red spot)

16 SB2 OGIB No significant findings

17 SB3 Crohn’s disease Erosion/ulceration

18 SB3 Crohn’s disease Erosion/ulceration

19 SB2 OGIB Diverticulum

20 SB2 Crohn’s disease Angioectasia

OGIB, obscure gastrointestinal bleeding
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23.2±5.6 vs. 11.1 ±2.9min (P=0.0002). As shown in ▶Fig. 1,
the SB3 system shortened reading time for all readers.

Reading times for the entire digestive system, including the
colon, were as follows for the SB2 and SB3 groups: junior: 49.9±
10.4 vs. 24.9 ±6.7 (P=0.0002), intermediate: 30.4 ±6.4 vs.
11.4±3.7 (P=0.0002), and expert: 31.7 ±4.1 vs. 12.1±3.4 min-

utes (P=0.0002). Similarly, reading time correlated significant-
ly with the SB3 group (▶Fig. 2). The number of created thumb-
nails was as follows for the SB2 and SB3 groups: junior: 22.1 ±
14.3 vs. 15.0 ±9.49 (P=0.2885), intermediate: 7.5 ±3.2 vs.
6.5 ±3.1 (P=0.3550), expert: 20.2 ±14.7 vs. 14.5±5.6 (P=
0.6221). There was no significant difference between the two
versions for any reader (▶Fig. 3).

Significant findings were identified in 13 of 20 patients
(65 %; ▶Table2). When the data from the expert reader were
used as the reference, there was a high agreement rate for de-
tection of main findings in patients who presented with signifi-
cant clinical findings. Readings from the junior and intermedi-
ate readers agreed significantly with those of the expert reader
at rates of 84.6% and 92.3%, respectively, using data from the
SB2 and SB3 systems. Using data from the SB2 system alone,
rates of agreement between readings from the junior and inter-
mediate readers and those of the expert reader were 85.7% and
85.7%, respectively, while the respective agreement rates for
data from the SB3 system alone were 83.3% and 100%. There
were no significant differences in agreement rates between
SB2 and SB3 for either the junior or intermediate reader
(▶Fig. 4).

Discussion
It was previously reported that interpretation of CE imaging re-
quires a considerable amount of time, placing a significant bur-
den on the reader [3, 4]. There are also reports that described
reading of CE images by health professionals other than gastro-
enterologists/endoscopists, e. g., nurses [5–9]. In this regard,
improvements in the CE system should reduce the burden on
the reader, with improvement in reading efficiency based on
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▶ Fig. 1 Reading time with the capsule advanced down to the end
of the small intestine, according to reader experience and genera-
tion of the system used. Data are mean± SD. P values determined
by Student's t-test.
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▶ Fig. 2 Total reading time with the capsule advanced down to
the end of the large intestine, according to reader experience and
generation of the system used. Data are mean±SD. P values deter-
mined by Student's t-test.
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▶ Fig. 3 Number of thumbnails created by the reader, according
to experience and generation of the system used. Data are mean±
SD. P values determined by Student's t-test.
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improvements in the software algorithm [3, 9–12]. The third-
generation CE system (PillCam SB3) is used in combination
with RAPID software (version 8.0 or 8.3). Compared with the
PillCam SB2 system, the PillCam SB3 is considered to optimize
video interpretation by ≥40% based on the new algorithm [2].
With the PillCam SB3, image reading is sometimes handled by
junior physicians, nurses who have acquired a certain degree
of skill, and endoscopic technicians, in addition to experienced
physicians. Before wider adoption of this system, it is important
to clarify whether efficient video image reading could be
provided by readers other than expert endoscopists.

In the current study, we compared image interpretation by
three readers with differing levels of clinical expertise and ex-
perience with the CE system generation (second- and third-
generation systems); the latter was represented by the number
of video images interpreted by the reader. Use of the third-gen-
eration system clearly shortened interpretation time not only
by the experts but also by inexperienced readers.

The reading mode for the second-generation CE system in-
cludes manual and automatic modes, and the manual mode
was used in the current study for interpretation of all recorded
images. In the third-generation system, the manual and auto-
matic modes have been replaced by the review mode. The Pill-
Cam SB3 system is equipped with a function that can increase
the adaptive frame rate (number of images captured per sec-
ond when the capsule moves quickly inside the intestinal tract)
from two to six pictures. It is a concern that the larger the frame
rate, the more time is needed for interpretation. Therefore, in
the video recording stage of the PillCam SB3 system, captured

images that are very similar are deleted, making it possible to
create simple video data. In the current study, we compared in-
terpretation time with the PillCam SB2 and PillCam SB3 sys-
tems, on the premise that all created video data were interpret-
ed. Small-bowel CE is mainly for evaluation of the small intes-
tine. Therefore, it was necessary to compare the small intestine
interpretation time. However, in small bowel capsule endo-
scopic examination, images of the colon from arrival at the co-
lon to the end of the examination are also captured. When per-
forming small-bowel CE, pathological features may be found in
the colon, even though this segment of the intestine was not
prepared [13]. Therefore, it is also important to check the cap-
tured images of the colon during small bowel CE. The improved
algorithm has the potential to significantly reduce the number
of images corresponding to normal colon findings. In this study,
both interpretation time to the end of the small intestine and
interpretation time up to the end of the examination, including
the colon, were compared for each reader. The results showed
that not only a reduction in colorectal data but also improve-
ment in efficiency of interpretation of the small intestine are
responsible for shortening the interpretation time using the
new-generation system. It is conceivable that the improved
software algorithm contributed to the reduction in reading
time. Furthermore, the improved capsule endoscope itself im-
proved image resolution and image reading; using better ima-
ges becomes possible, although the viewing angle remains un-
changed.

There are only a few publications on the PillCam SB3CE sys-
tem. Monteiro et al. [14] compared rates of detection rates of
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▶ Fig. 4 Agreement rates for interpretation made by the junior and intermediate readers relative to that of the expert reader, using the SB2
and SB3 systems. Data are mean± SD. P values determined by Student's t-test.
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duodenal papilla with the SB2 and SB3 systems and reported a
significantly higher duodenal papilla detection rate using the
SB3 system, indicating that this system offers a better likeli-
hood of accurately diagnosing pathologies in the proximal part
of the small intestine. In addition, Kunihara et al. [15] reported
that the SB3 system is superior to the SB2 system in detection
of esophageal varices. To our knowledge, however, no reports
have compared the image reading time between the two sys-
tems. Also, the current study is the first to report the effects
of reader experience on image interpretation between the two
systems.

The role played by other health professionals "pre-readers,"
such as nurses, in interpretation of CE has been discussed in
Europe and the United States [6, 7, 11, 16]. It has been reported
that non-physician assistants can contribute toward shortening
the reading time and improving the diagnostic ability of physi-
cians [6, 7]. Therefore, new approaches, such as examination of
the learning curve, training, and certification system, have
been reported [11, 16]. Reducing the burden of image reading
is necessary not only for physicians skilled in CE image reading,
but also for relatively inexperienced physicians as well as nurses
and clinical laboratory technologists who act as pre-readers. In
the current study, a clinical laboratory technician participated
as the junior reader. Rates of significant findings on analysis of
the CE systems by the junior and intermediate readers were
84.6% and 92.3%, respectively, compared with findings by the
skilled endoscopist. Moreover, for the junior reader, the afore-
mentioned rates using the SB2 and SB3 systems were 85.7%
and 83.3%, respectively, compared with experts, and there
was no significant difference between the two systems. Similar-
ly, for the intermediate reader, the aforementioned rates using
the SB2 and SB3 systems were 85.7% and 100%, respectively,
compared with the experts. There was no significant difference
between the two systems. Based on these findings, we con-
clude that accurate interpretation of the recorded data is not
affected by experience when using the new system. In addition,
the junior reader not only lacked experience but also differed
from the other two readers in that she was not a physician. In-
terpretation using this new system may reduce the burden on
the pre-readers.

This study has several limitations. First, the sample size was
small. Second, our study included some cases that lacked char-
acteristic findings in order to avoid selection bias. The current
study compared results from three readers with different levels
of image reading experience. Regarding the sample size, the
SB2 and SB3 videos were restricted to 10 patients each for ex-
perienced readers. If the sample size were larger, the reading
skill of a non-experienced reader might improve with time dur-
ing the study given the additional reading experience [11]. In
addition, the intermediate reader checked fewer thumbnails
than the other readers. Junior readers tend to read more
thumbnails, regardless of significant findings [8]. Intermediate
readers are becoming more accustomed to interpretation.
Therefore, we think that intermediate readers may reduce the
number of thumbnails of lesions to reduce the burden of image
interpretation. However, as shown in this study, significant

findings that contributed to diagnosis were captured by both
junior and intermediate readers.

Conclusion
In conclusion, the third-generation CE system with RAPID 8.0 or
8.3 software, PillCam SB3, and DR3 recorder makes it easier to
accurately interpret recorded images irrespective of image
reading experience and shortened reading time, compared
with the SB2 system. We conclude that examination using the
PillCam SB3 system can reduce the burden on the reader.
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