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Background/Aims. Capsule endoscopy (CE) is a noninvasive test for diagnosing small bowel disorders. However, several studies
reported that the CE-based visualization is suboptimal. This study, the first to use two CEs simultaneously, aimed at evaluating
the diagnostic ability of dual CE. Methods. Dual CE procedures were prospectively conducted. All patients completed bowel
cleansing 2 hours before examination. Subsequently, they simultaneously swallowed two capsules: MiroCam (IntroMedic, Seoul,
Korea) and PillCam SB3 (Medtronic, Minneapolis, USA). We assessed the completeness and feasibility of small bowel
examination and the detection rate of duodenal papilla and diagnostic yield. Results. Twenty consecutive patients who
underwent complete small bowel examination with dual CE were enrolled in the study. The mean time of small bowel passage
was 245± 99min. Dual CE examination increased the duodenal papilla detection rate to up to 75% (versus PillCam SB3 alone
(P = 0 031) and MiroCam alone (P = 0 063)) and overall diagnostic yield to up to 70% (P = 0 063) in comparison to single CE.
Adverse events or electrical interference during data transmission between the two capsule endoscopes were not detected.
Conclusions. In this study, we found that dual CE enhances diagnostic accuracy and could increase the diagnostic power of
existing CE systems using simply applicable methods. This trial is registered with KCT0002541.

1. Introduction

Capsule endoscopy (CE) enables imaging of the gastrointes-
tinal tract by transferring images wirelessly from a capsule
endoscope to a data recorder through a sensing system. The
introduction of CE provided a significant advancement in
the diagnosis and management of small bowel diseases. The
current diagnostic yields of CE in prior studies were 35% to
77% in patients with obscure gastrointestinal bleeding
(OGIB) [1–8] and 55% to 83% in patients with Crohn’s dis-
ease [9–12]. In spite of the revolutionized improvement in
investigating the small bowel by CE, a considerable number
of patients with small bowel diseases, such as OGIB, remain
without a definitive diagnosis. Not only is the proper man-
agement of these patients not well known but it also is sub-
stantially challenging in clinical practice. Because CE is a
noninvasive option and has been demonstrated to be more

beneficial compared to other available approaches for the
inspection of the small bowel, we speculated if different
methods of CE could help these patients. To increase the
examination’s diagnostic yield, several methods have been
proposed, with various results. A repeat CE has been indi-
cated in patients with previously negative CEs to exclude
missed findings. This repeat CE method has obtained addi-
tional positive findings in 49% of patients in a prospective
study of 76 patients with continuous small bowel bleeding
[13] and 35% of positive or suspected findings in a small pro-
spective study [14]. Additionally, other studies whereby
sequential application of capsule endoscopes was performed
reported the detection of additional new lesions (8.3% to
19.6%) [15, 16] and presented no significant interference in
electrical transmission between MiroCam (IntroMedic,
Seoul, Korea) and PillCam SB CE (Given Imaging, Yokneam,
Israel) [16]. However, these methods are time-consuming
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and require extensive radiological examination for addi-
tional capsule administration. In addition, the results from
previous studies might not be fully concordant with real
clinical outcomes.

CE can bypass about 30% of separate lesions, particularly
in the proximal small bowel [17, 18]. This is due to gut motil-
ity and the fundamental technical limitations of CE.
Although CE continues advancing in technical aspects and
various types of devices are being developed, the efficacy of
these devices is uncertain [17, 19].

Increasing the diagnostic yield of CE prior to specific
interventions may have a far better impact on the treatment
course [20]; this may also result in the overall reduction of
medical expenditure.

This is the first clinical study to use two CEs simulta-
neously. In this pilot study, we performed simultaneous
application of the two capsule endoscopes and evaluated
the detection rate of duodenal papilla and diagnostic yield.

2. Materials and Methods

Patients indicated for CE, including those with OGIB,
chronic diarrhea, and chronic abdominal pain, were
included in the trial. All patients were between 20–80 years
old. Patients suspected of having small bowel stenosis, swal-
lowing difficulties, severe advanced respiratory disease, or
cardiovascular or neuropsychiatric disease were excluded.

Pregnant patients and those with implantable electronic
devices were also excluded. All patients underwent esopha-
gogastroduodenoscopy (EGD) and colonoscopy before the
dual CE examination.

This study protocol adhered to the principles of the
Declaration of Helsinki and was reviewed and approved
ethically by the institutional review board of the Korea
University Anam Hospital (Permit Number: ED16199).
All patients provided a written informed consent at the time
of enrollment.

The patients underwent fasting for 8 hours and com-
pleted bowel cleansing with 2 L of polyethylene glycol
solution with ascorbic acid (Coolprep; TaeJoon Pharma-
ceuticals, Seoul, Korea) 2 hours prior to the examination
[21, 22]. Subsequently, the patients swallowed two capsules,
MiroCam (IntroMedic, Seoul, Korea) and PillCam SB3
(Medtronic, Minneapolis, USA), with a 5-minute interval.
The swallowing order of the devices (MiroCam first versus
PillCam SB3 first) was decided by randomization.

Examinations of the CE procedures were performed
according to previously published guidelines [21, 22]. The
findings of dual CE were assessed by a rate of 15 images per
second. Two qualified and experienced CE reviewers inter-
preted the images taken by dual CE, with their findings being
kept from each other. When the two reviewers have conflict-
ing findings for the same patient, a third reviewer conducted
clarification of the CE images for confirmation.

Table 1: Characteristics of patients and technical information on MiroCam and PillCam SB3 capsule endoscopes.

Number Age Sex Indication
Total operating time

of CE
Completion to
the cecum

Significant findings or diagnosis on CE

MiroCam PillCam SB3 MiroCam PillCam SB3 MiroCam PillCam SB3

1 59 M Chr.Abd.pain 12:00:04 14:17:47 1 1 0 0

2 50 M OGIB 07:30:42 14:50:20 1 1 Polyp Polyp, erosion

3 66 F OGIB 12:00:02 15:10:33 1 1 0 Ulcer, erosion

4 74 M Chr.Abd.pain 11:57:22 14:43:57 1 1 0 0

5 67 F OGIB 12:00:14 12:46:07 1 1 0 0

6 54 M OGIB 12:00:26 15:34:43 1 1 Angiodysplasia Angiodysplasia

7 63 M OGIB 12:00:24 15:40:37 1 1 Angiodysplasia, polyp Polyp

8 34 M Chr.Abd.pain 12:00:14 15:12:39 1 1 0 0

9 61 F OGIB 12:00:15 14:55:28 1 1 Angiodysplasia 0

10 64 M OGIB 12:00:33 06:42:56 1 1 Angiodysplasia 0

11 50 F OGIB 07:47:42 10:24:30 1 1 Polyp, erosion Polyp, erosion

12 78 F Chr.Abd.pain 12:00:03 15:07:23 1 1 0 0

13 56 M Chr.Abd.pain 12:00:25 14:54:17 1 1 0 0

14 73 M OGIB 12:00:22 12:11:14 1 1 Angiodysplasia Angiodysplasia

15 73 M OGIB 12:00:00 14:33:12 1 1 Angiodysplasia, ulcer Ulcer, erosion

16 69 F OGIB 12:00:00 13:26:19 1 1 Angiodysplasia, diverticulum Erosion

17 71 F OGIB 12:00:00 13:16:18 1 1 0
Angiodysplasia,

erosion

18 33 M OGIB 12:00:02 14:15:00 0 1 Angiodysplasia, erosion 0

19 65 F OGIB 12:00:11 14:52:29 1 1 0 Ulcer scar, erosion

20 52 M OGIB 12:00:05 14:53:12 1 1 Erosion
Angiodysplasia,

erosion

Chr.Abd.pain: chronic abdominal pain; OGIB: obscure gastrointestinal bleeding.
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Table 2: Duodenal papilla detection via the MiroCam and PillCam
SB3 capsule endoscopes.

MiroCam PillCam SB3

Patient 1

Patient 2

Patient 3

Patient 4

Patient 5

Patient 6

Patient 7

Table 2: Continued.

MiroCam PillCam SB3

Patient 8

Patient 9

Patient 10

Patient 11

Patient 12

Patient 13

Patient 14
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2.1. Statistical Analysis. Statistical analysis was performed
using IBM SPSS Statistics for Windows, Version 20.0 (IBM
Corp., Armonk, NY, USA). Completion rates and detection
rates of the dual CE were analyzed using the McNemar test.
Reading times of the two capsule endoscopes were compared
using the Wilcoxon signed-rank test. The kappa value was
used to evaluate the agreement between PillCam SB3

and MiroCam. In all tests, P values< 0.05 were considered
statistically significant.

3. Results

3.1. Baseline Characteristics of Subjects. A total of 20 con-
secutive patients who underwent dual CE procedures were
enrolled in the study. Among these patients, 12 (60%)
were male and 8 (40%) were female; the mean age of
the patients was 59.8± 14.4 (range 33–78) years. The indi-
cations for CE were as follows: OGIB in 15 patients (75%)
and chronic abdominal pain or diarrhea in 5 patients
(25%) (Table 1). All patients underwent preprocedure
bowel preparation and swallowed the capsules without dif-
ficulty. Small bowel investigation was conducted on all
dual CE procedures. The mean time of small bowel pas-
sage was 245± 99min. The mean total operating times of
PillCam SB3 and MiroCam were 14 h 1min± 125min
and 11 h 33min± 80min (P < 0 05), respectively. Comple-
tion to the cecum of PillCam SB3 and MiroCam was
100% and 95%, respectively.

3.2. Detection Rate of CE. The duodenal papilla was identified
in 9 (45%) patients with PillCam SB3 alone and 10 (50%)
patients with MiroCam alone (Table 2). A comparative
investigation of duodenal papilla detection rates in previous
studies is presented in Table 3; the duodenal papilla detection
rates ranged from 10.4% to 43.6%. The duodenal papilla
detection rates of PillCam SB3 and MiroCam were 45% and
50% (P = 1), respectively. Dual CE examination increased
the duodenal papilla detection rate up to 75% (versus PillCam
SB3 alone (P = 0 031) and MiroCam alone (P = 0 063)). Sig-
nificant findings were identified in 14 patients using dual
CE procedures, leading to an overall diagnostic yield of 70%
(55% for both PillCam SB3 and MiroCam (P = 0 063)). As
previously presented, angiodysplasia of the small intestine is
the most common positive finding, although mucosal ulcer,
erosion, and polyps were also present. The agreement rate
between PillCam SB3 and MiroCam was 70%, with a kappa
value of 0.394 (P = 0 078) (Table 4). No significant adverse
reaction in relation to dual CE examination was observed.
In addition, electrical interference in data transmission
between PillCam SB3 and MiroCam was not detected in
any examination. However, short-term image disturbance
disrupting the anterior visual field due to functional obstruc-
tion of the CE or illumination disturbance by the other device
was observed.

In the examples of concordant cases, MiroCam and Pill-
Cam SB3 revealed polypoid masses in the distal ileum of the
same patients (Figure 1). However, in the discordant cases,
PillCam SB3 detected a polypoid mass in the ileum, while
theMiroCam could not capture the lesion in the same patient
(Figure 2). Additionally, PillCam SB3 was able to detect
angiodysplasia in a patient, while the MiroCam could not.

The mean reading time of the two devices were
26.3± 5.4minutes for PillCam SB3 and 30.1± 5.5minutes
for the MiroCam (P < 0 05) (Figure 3).

Table 2: Continued.

MiroCam PillCam SB3

Patient 15

Patient 16

Patient 17

Patient 18

Patient 19

Patient 20
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Table 3: Comparison of duodenal papilla detection rates.

Authors Capsule Study population (n) Recording speed (frames/s) Duodenal papilla detection (%)

Kong et al. [18] M2A, Given Imaging 110 15 43.6

Clarke et al. [24] SB1, Given Imaging 125 5 10.4

Nakamura et al. [25] SB1, Given Imaging 96 10 18

Selby and Prakoso [26] SB2, Given Imaging 50 n/s 18

Monteiro et al. [19] SB3, Given Imaging 75 n/s 42.7

Table 4: Agreement between the MiroCam and PillCam SB3 results.

PillCam SB
Negative Significant abnormal Total

MiroCam

Negative 6 3 9

Significant abnormal 3 8 11

Total 9 11 20

(a) (b)

(c) (d)

Figure 1: Examples of concordant cases. The MiroCam and PillCam SB3 revealed a polypoid mass in the proximal jejunum (a and b) of
patient 2 and a polypoid mass in the distal ileum (c and d) of patient 7.
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4. Discussion

This prospective study demonstrated that dual CE is a safe
and efficient tool for small bowel examination. To assess
the ability of dual CE, we defined the duodenal papilla as
the only landmark in the small bowel. As a result, the duode-
nal papilla was detected in more than 70% of the patients. To
the best of our knowledge, this is the first clinical trial of
simultaneous dual CE application. Previously, the concepts
of repeat CE have been described. Although these methods
offer additional findings compared to prior CE examination
in patients with OGIB, they had disadvantages such as addi-
tional medical costs and being time-consuming [13, 16, 18].
In previous studies, the duodenal papilla detection rate
ranged from 10.4% to 43.6%. In our study, a single CE exam-
ination demonstrated duodenal papilla detection rates of
50% and 45% for MiroCam and PillCam SB3, respectively.
When dual CE was applied, the detection rate increased sub-
stantially, up to 75%, without significant adverse events. In
addition, there was no significant interference of electrical
transmission between the MiroCam and PillCam SB3
devices. MiroCam utilizes a new technology, the Human

(a) (b)

(c) (d)

Figure 2: Examples of discordant cases. In patient 5, PillCam SB3 revealed a polypoid mass in the distal ileum (a), while MiroCam was not
able to capture the lesion (b). In patient 6, the PillCam SB3 detected angiodysplasia in the jejunum (c), while the MiroCam could not (d).

50

40

30

20

10

0
MiroCam

(m
in

)

PillCam SB3

Figure 3: Comparison of reading times (MiroCam versus PillCam
SB3 examination).

6 Gastroenterology Research and Practice



Body Communication, for data transmission; this is different
from the 430MHz radiofrequency telemetry system of Pill-
Cam SB3. In our study, we first tested the dual CE exam with
two PillCam SB3 capsules, taken simultaneously. Interest-
ingly, dual CE examination with two identical devices pre-
sented considerable visual interference throughout the
procedure. In dual CE examination with two different devices
(MiroCam and PillCam SB3), although temporary visual
interference occurred due to physiological obstruction or illu-
mination disturbance by the other device, it did not signifi-
cantly decrease the visual field and diagnostic yield of dual CE.

We need to focus on the possible cost-effectiveness of
dual CE exam in terms of total medical expenditure and
patients’ preferences. Although push enteroscopy and
device-assisted enteroscopy (DAE), such as balloon-assisted
enteroscopy, can directly evaluate the pathological lesions
and perform procedures such as bleeding control or tissue
sampling, their invasive nature hinders them from being
conveniently performed as a first approach. Furthermore,
current guidelines usually recommend DAE or push entero-
scopy to be done as additional management for positive
findings of CE [20, 23]. In that respect, dual CE exam could
be a better alternative as a second-line diagnostic method
for patients with small bowel diseases but without a defin-
itive diagnosis, depending on the comorbidity, overall con-
dition, or preference of the patients. Due to the high
diagnostic accuracy and noninvasive nature of dual CE, it
consequently has the potential for cost-effectiveness in
terms of total medical expenditure and has a far better
impact on patient management. In the future, the quality
of CE exam might be improved to an extent such that
the diagnostic yield could be increased dramatically [17].
However, in the present clinical practice, it might be suffi-
cient to increase the diagnostic power of existing CE sys-
tems with applicable methods.

Although previous studies only compared the diagnostic
yield of repeat CE, we also measured the detection rate of the
duodenal papilla. There are no reliable criteria for CE
examination; therefore, it is difficult to evaluate the actual
diagnostic yield and sensitivity of CE. Additionally, the actual
lesion visualized using CE does not necessarily coincide with
the clinical outcome in many cases.

Dual CE exam did not increase unfavorable events, such
as CE retention or small bowel obstruction. Prior to the
application of dual CE, we need to exclude the potentially
high-risk patients, such as patients with postoperative adhe-
sions, with the use of abdominal CT scan or upper gastroin-
testinal series. Normally, dual CE could be performed safely
in patients without complications or contraindications.

Our study has a few limitations. Because of its observa-
tional design, the number of enrolled patients was small for
a pilot study, and furthermore no outcome data was pre-
sented, which might be altered after the dual CE procedure.
However, a prospective study using both MiroCam and
PillCam SB3 has not been previously conducted; therefore,
we attempted to evaluate dual CE examination using these
two capsules as they are readily available in Korea. Other cap-
sule endoscopes such as the EndoCapsule (Olympus Medical
Systems Corp., Tokyo, Japan) or OMOM capsule (Jinshan

Science and Technology Co. Ltd., Chongqing, China) will
require their own evaluation as part of a dual CE (e.g.,
MiroCam+EndoCapsule, MiroCam+OMOM capsule, or
PillCam SB3+OMOM capsule), given the variability of the
availability of these devices in different countries.

This study demonstrated that dual CE is a safe and effi-
cient tool for small bowel examination. Dual CE substantially
increased the detection rate of duodenal papilla up to 75%,
without significant adverse events. To clarify this result, fur-
ther extensive research using dual CE is necessary. The
occurrence of severe adverse events and significant interfer-
ence of electrical transmission should be defined along with
a large clinical trial. Additionally, alterations in treatment
sequence or overall patient outcome after dual CE examina-
tions should be investigated.

In conclusion, dual CE has a higher diagnostic accu-
racy than single CE. Dual CE could increase the diagnos-
tic power of existing CE systems with the use of simply
applicable methods.
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