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ABSTRACT

Background Certain patients experience difficulty swal-

lowing a video capsule endoscopy (VCE) device owing to

its relatively large size. The newly developed small-sized

magnetically controlled capsule endoscopy (MCE) device is

the smallest VCE device ever reported. We aimed to evalu-

ate the performance of the small-sized MCE device in terms

of ingestion and examination efficacy.

Methods Patients in two centers were prospectively enrol-

led and randomized to the small-sized or standard MCE

groups. Differences in capsule ingestion difficulties, visuali-
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Introduction
Video capsule endoscopy (VCE) has been refined with devices
providing superior resolution, increased battery life, better
control methods, and therefore improved capabilities for view-
ing of the gastrointestinal (GI) tract, since its introduction to
the public in 2001 [1]. Magnetically controlled capsule endos-
copy (MCE) devices, with diagnostic accuracy equally favorable
as conventional gastroscopes, have been widely used in GI ex-
amination [2–4]. However, the MCE technique still has some
limitations in clinical practice, including the fact that some pa-
tients experience difficulties swallowing the capsule owing to
its relatively large size, which sometimes leads to examination
failure, especially in children and elderly individuals [5, 6]. For
those unable to swallow the capsule, endoscopic delivery of
the capsule to the stomach or directly into the duodenum is re-
quired [7, 8], which greatly increases patient discomfort, exam-
ination costs, and the risks (by adding those associated with
endoscopic procedures). Therefore, it is crucial to make the
capsule easier to swallow and reducing the size of the capsule
may ease swallowing difficulties.

Therefore, a small-sized MCE device (Ankon Technologies,
Wuhan, China) with a diameter of 9.5mm, a length of
24.5mm, and a weight of 3.0 g has been developed. This new
type of MCE device is approximately 0.6 times the volume and
weight of the conventional MCE device (11.8 ×27mm)
(▶Fig. 1). The currently available VCE systems for viewing the
esophagus, stomach, small bowel, and colon are shown in Ta-
ble1s, see online-only Supplementary material [1, 9, 10], with
the small-sized MCE device being the smallest of these. There-
fore, this study aimed to clarify whether the small-sized MCE
device can optimize the capsule swallowing procedure and to
evaluate its feasibility and GI transit times compared with the
standard MCE device.

Methods
Study design

This study was a two-center, double-blinded randomized con-
trolled trial. The study protocol was approved by the ethics
committees of Shanghai Changhai Hospital and Qilu Hospital
of Shandong University. Written informed consent was obtain-
ed from each enrolled patient.

Study patients

From January 2021 to May 2021, adult patients with abdominal
complaints or asymptomatic individuals who were scheduled to
undergo MCE examination in Changhai Hospital and Qilu Hospi-
tal were eligible for this study. These patients were prospective-
ly enrolled and randomly allocated into the standard MCE group
or small-sized MCE group in a 1:1 ratio. Patients with any con-
traindications for MCE were excluded [11].

Study intervention

Procedures were performed using the NaviCam magnetic cap-
sule guidance system (Ankon Technologies, Wuhan, China)
[11]. Except for their size and weight, other parameters of
these two capsules are consistent, with both capsules having a
battery life of more than 8 hours and offering a viewing field of
140°. Images can be captured at a rate of 0.5–6 frames per sec-
ond with a resolution of 480×480 pixels.

After a standardized GI preparation regimen for MCE [11],
patients were instructed to enter the examination room. Assis-
tant nurses who were independent of the study then assisted
the patient in swallowing the assigned MCE device. During the
ingestion procedure, the capsule was held in the assistant nur-
se's hand with only part of its lens exposed (so as to avoid re-
cognition of the capsule size by the patient), and then put into

zation of the gastrointestinal tract, and capsule transit

times were compared.

Results 96 patients were enrolled (48 in each group). In

the small-sized MCE group, the mean (SD) difficulty score

and time to swallow the capsule, and success rate for swal-

lowing the capsule at the first attempt were 0.6 (1.0), 3.4

(1.3) seconds, and 89.6%, which was significant better

compared with the standard MCE group with 3.1 (1.7),

12.0 (14.3) seconds and 60.4%, respectively (all P <0.001).

Visualization of the esophagus, stomach, and small bowel

were comparable between the two groups. The small-sized

MCE group had a significantly shorter gastric transit time

(49.4 minutes vs. 66.2 minutes; P=0.04) and longer small-

bowel transit time (5.8 hours vs. 5.0 hours; P=0.045).

Conclusions The small-sized MCE device is feasible and

safe for gastrointestinal examination, alleviating difficulties

in capsule ingestion, improving gastric emptying under

magnetic control, and prolonging the small-bowel transit

time.

▶ Fig. 1 Comparison of a standard magnetically controlled capsule
endoscopy (MCE) device and the small-sized MCE device (both An-
kon Technologies Co., Ltd., Wuhan, China).
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the patient's mouth. After the capsule entered the patient’s
esophagus, the endoscopists (Wei Zhou in Changhai Hospital,
Bao-Ling Tian in Qilu Hospital) entered the examination room
and performed the examination procedure following a stand-
ardized protocol [11].

Study outcomes and definition

The primary outcome was the difficulty score for swallowing
the capsule, which was assessed on a visual analog scale rang-
ing from 0 (very easy with no nausea) to 10 (very difficult or
with severe nausea) [12]. In addition, the time required to swal-
low the capsule and the success rate for swallowing the capsule
at the first attempt were recorded as other parameters for cap-
sule ingestion difficulty. The capsule swallowing time was de-
fined as the time between the first mouth image and the first
esophageal image. If the patient swallowed the capsule directly
with a sip of water at the first attempt, it was defined as a suc-
cess for swallowing the capsule at the first attempt; if the cap-
sule entered the esophagus after several swallowing attempts
or with endoscopic placement, it was defined as a failure.

In addition, visualization of upper GI (UGI) tract and small
bowel, diagnostic yield, GI transit times, and safety were also
assessed. Visualization of the esophagus was indicated by the
number of images and quadrants captured for the Z-line [13].
Visualization of the stomach was indicated by complete visuali-
zation of the gastric mucosa in the six anatomic landmarks [2].
Visualization of the small bowel was determined by the small-
bowel complete examination rate. The detection of lesions in-
cluded positive findings in the UGI tract and small bowel.

GI transit times recorded included the esophageal transit
time, gastric transit time, pyloric transit time, and small-bowel
transit time [14]. The gastric examination time was defined as
the time required to perform complete examination of the
stomach twice. The total recording time was the time the last
picture of the GI tract was taken by the capsule. The frequency
of the capsule passing through the pylorus under magnetic
control and the duodenal papilla detection rate were also high-
lighted.

Each MCE video was independently and blindly interpreted
by two other experienced MCE readers. Where there was a dis-
crepancy between the two MCE readers, the final decision was
made by a central committee composed of two MCE experts.
The randomization schedule was generated by the investigator
using a random number table. The patients, endoscopists, and
outcome assessors were all blinded to the examination protocol
assigned.

Sample size estimation and statistical analysis

For the primary end point, the sample size was calculated using
the method of two sample t test. In previous studies, there are
few data analyzing the difficulty score for capsule swallowing
on MCE. Therefore, we conducted a pilot study and estimated
that the mean difficulty scores in the small-sized and the stand-
ard MCE groups were 2.00 and 4.47, respectively, with an over-
all SD of 4.12. With a power of 0.80 and two-sided significance
level of 0.05, 45 patients would be needed in each group to de-
tect the difference between two groups. Considering a dropout

rate of 5%, the target total sample size was 96 (48 per group).
The sample size calculation was performed using PASS soft-
ware, version 15.0.5.

Quantitative data were summarized with mean (SD), or me-
dian and interquartile range (IQR); categorical data were pres-
ented as frequency (percentage). Quantitative data with a nor-
mal distribution were compared using a two-sample t test, and
non-normally distributed data were compared using the Wil-
coxon test. Categorical data were compared between groups
by a chi-squared test or Fisher’s exact test. A two-sided P value
of < 0.05 was considered statistically significant. All data were
analyzed with SPSS software, version 23.0.

Results
Patient characteristics and safety analysis

A total of 96 consecutive patients (48 in each group) aged 24 to
79 years were enrolled from Changhai Hospital and Qilu Hospi-
tal, and all patients completed the study. Baseline characteris-
tics of the patients are shown in Table 2s; no statistical differ-
ence was observed between the two groups. No adverse events
were reported throughout the study.

Capsule ingestion difficulties

The small-sized MCE device greatly alleviated the difficulties on
capsule ingestion, with the difficulty score for capsule swallow-
ing (mean [SD], 0.6 [1.0] vs. 3.1 [1.7]; P <0.001) (▶Fig. 2a) and
time to swallow the capsule (mean [SD], 3.4 [1.3] seconds vs.
12.0 [14.3] seconds; P<0.001) (▶Fig. 2b) in the small-sized
MCE group being significantly lower than those in the standard
MCE group. In the small-sized MCE group, 89.6% of patients
successfully swallowed the MCE at the first attempt, whereas
the success rate was 60.4% in the standard MCE group (P<
0.001) (▶Fig. 2c).

Visualization and positive findings of the UGI and
small bowel

▶Table 1 shows the results for visualization of the esophagus,
stomach, and small bowel in the two groups. Representative
images of anatomic landmarks using the small-sized MCE de-
vice are shown in ▶Fig. 3. There was no significant difference
in the detection rate of the Z-line (P=0.67), captured frames
of the Z-line (P=0.73), or quadrants observed in the Z-line (P=
0.67). In all patients, more than 90% of the gastric mucosa in
the six anatomic landmarks was observed. The small-bowel
complete examination rate was 97.9% and 100% in the small-
sized and standard MCE groups, respectively (P>0.99).

The diagnoses identified in each group in the UGI tract and
small bowel are summarized in Table 3s and illustrated in

▶Fig. 4. There were no significant differences in the detection
of lesions between the two groups.

Gastrointestinal transit times

Detailed data on GI transit times are shown in ▶Table1. No sig-
nificant difference in the gastric examination time or capsule
excretion time existed between the two groups (P=0.30 and
0.74, respectively). The small-sized MCE group had a signifi-
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▶ Fig. 2 Comparison of capsule ingestion difficulties between the small-sized magnetically controlled capsule endoscopy (MCE) device and
standard MCE device in terms of: a the difficulty score for capsule swallowing; b the capsule swallowing time; c the success rate for swallowing
the capsule at the first attempt.

▶Table 1 Efficacy analysis between the small-sized magnetically controlled capsule endoscopy (MCE) device and the standard MCE device.

Characteristic Small-sized MCE device (n=48) Standard MCE device (n=48) P value

Visualization of the esophagus

▪ Detection of Z-line, n (%) 29 (60.4%) 31 (64.6%) 0.67

▪ Frames of Z-line, median (IQR)  1.0 (0.0–8.0)  2.0 (0.0–6.8) 0.73

▪ Quadrants of Z-line visualization, median (IQR)  1.6 (0.0–3.2)  1.5 (0.0–2.5) 0.67

Complete gastric mucosal visualization, n (%)

▪ Cardia 48 (100%) 48 (100%) > 0.99

▪ Fundus 48 (100%) 48 (100%) > 0.99

▪ Body 48 (100%) 48 (100%) > 0.99

▪ Angulus 48 (100%) 48 (100%) > 0.99

▪ Antrum 48 (100%) 48 (100%) > 0.99

▪ Pylorus 48 (100%) 48 (100%) > 0.99

Visualization of the small bowel, n (%)

Small-bowel complete examination rate 47 (97.9%) 48 (100%) > 0.99

Capsule transit times, median (IQR)

▪ Esophageal, seconds 12.0 (7.3–23.5) 18.0 (11.0–33.8) 0.02

▪ Gastric, minutes 49.4 (8.3–79.7) 66.2 (37.4–113.7) 0.04

▪ Pyloric, minutes 38.8 (0.4–67.4) 54.2 (29.5–100.5) 0.04

▪ Small bowel, mean (SD), hours  5.8 (1.7)  5.0 (1.8) 0.045

Gastric examination time, mean (SD), minutes  9.2 (3.9) 10.0 (3.6) 0.30

Total recording time, median (IQR), hours 11.2 (10.2–11.4) 12.7 (11.7–13.4) < 0.001

Excretion time, median (IQR), days  1.5 (1.0–2.5)  1.9 (1.0–2.2) 0.74

Magnetically controlled gastric transit rate, n (%) 21 (43.8%) 10 (20.8%) 0.02

Duodenal papilla detection rate, n (%)  9 (18.8%)  4 (8.3%) 0.23

IQR, interquartile range.
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cantly shorter esophageal transit time (P=0.02), pyloric transit
time (P=0.04), gastric transit time (P=0.04), and a significantly
longer small-bowel transit time (P=0.045). The median total
recording time was shorter in the small-sized MCE group (P<
0.001) owing to its smaller battery size. The small-sized MCE
device was easier to guide into the duodenum under magnetic
control (P=0.02). In addition, the duodenal papilla detection
rate was somewhat higher in the small-sized MCE group than
in the standard MCE group (18.8% vs. 8.3%; P=0.23).

Discussion
The performance of the small-sized MCE device in terms of the
ingestion procedure and examination efficacy has not been ex-
plored in previous studies. To our knowledge, our study demon-
strated for the first time that the small-sized MCE device greatly
alleviated capsule ingestion difficulties. In the small-sized MCE
group, the subjects swallowed the capsule with a lower difficul-
ty score and a shorter swallowing time. Most patients in the
small-sized MCE group were able to swallow capsule directly
with a sip of water, while approximately 40% of patients in the
standard MCE group required several attempts to swallow the
capsule. Previous studies have reported that more than 50% of
pediatric patients, ranging from 1.6 to 18.5 years in age, failed
to swallow capsules and younger patients showed more diffi-
culty in capsule ingestion [15–17]. In adults, capsule ingestion
difficulties also exist, especially in elderly patients [5, 18].
Therefore, a small-sized MCE device may greatly benefit the in-
gestion procedure in pediatric patients, elderly individuals, and
those who fear swallowing or are unable to swallow the capsule,
thereby reducing the rates of endoscopic placement and exam-
ination failure.

The efficacy of the small-sized MCE device in visualization
and lesion detection in the UGI tract and small bowel is compar-
able to that of the standard MCE device. In addition, no adverse
events were observed in this trial, suggesting that the small-
sized MCE device is safe and feasible in GI examination.

The gastric transit rate under magnetic control was in-
creased in the small-sized MCE group, while the median pyloric
and gastric transit times were significantly reduced. This
showed that the reduced size of the capsule made it easier for
it to be passed through the pylorus under magnetic control. Ad-
ditionally, a longer small-bowel transit time was observed in the
small-sized MCE group, thereby allowing enough time for su-
perior image acquisition of the intestinal mucosa. Our result of
a longer small-bowel transit time for the smaller capsule was
consistent with the studies conducted by Pioche et al. [19, 20],

▶ Fig. 3 Representative images of anatomic landmarks using the
small-sized magnetically controlled capsule endoscopy device
showing: a esophageal Z-line; b gastric cardia; c fundus; d gastric
body; e angulus; f antrum; g pylorus; h duodenal papilla; i small
intestine.

▶ Fig. 4 Typical gastrointestinal lesions observed using the small-sized magnetically controlled capsule endoscopy device showing: a reflux
esophagitis; b esophageal cancer; c esophageal submucosal mass; d gastritis; e gastric ulcer; f gastric polyp; g gastric submucosal mass;
h duodenitis; i duodenal polyp; j duodenal ulcer; k small-bowel inflammation; l small-bowel ulcer.
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which supported that, in addition to GI motility-related factors,
the size of the capsule itself may play an important role in
small-bowel transit. In our study, the small-sized MCE device
passed through the esophagus faster than the standard MCE,
which may be due to the stronger driving effect of the con-
sumed water on the small-sized MCE device. Although the total
recording time was shorter in the small-sized MCE group, the
small-bowel complete examination rate was comparable be-
tween the two groups. This result supports the 11.2-hour bat-
tery life of the small-sized MCE device, when combined with en-
hanced gastric emptying, being sufficient to meet the require-
ments of small-bowel examination.

Our study has some limitations. In particular, we enrolled
only adult patients, and none of the participants in the current
study failed to swallow the capsule. Those with a higher inci-
dence of capsule ingestion failure, such as children, were not in-
cluded, so this study cannot evaluate the efficacy of the small-
sized MCE device in improving the capsule ingestion procedure
in more diverse populations.

In conclusion, our study demonstrated that the small-sized
MCE device alleviated the difficulties of capsule ingestion in
adults. The small-sized MCE device enhanced gastric emptying
under magnetic control and prolonged the small-bowel transit
time. Further studies focusing on pediatric patients, elderly in-
dividuals, and those who are unable or afraid to swallow the lar-
ger capsule are warranted.
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