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Objective: To assess the feasibility and safety of magnetic-controlled capsule endoscopy (MCE) system for examination 
of human stomach.
Methods: This pilot study enrolled 34 healthy volunteers. All subjects swallowed the MCE and gas-producing powder 
for gastric distention. An external robot was used to generate magnetic field to manipulate MCE inside the stomach. The 
primary measurements included safety, gastric preparation, maneuverability and visualization of gastric mucosa.
Results: Gastric preparation and examination was well accepted by subjects and there were no adverse events. The 
examination in the stomach takes 43.8±10.0min (27-60). The cleanliness was evaluated as good in the 30 (88.2%) subjects 
and as moderate in 4 (11.8%) subjects. The distention of gastric cavity was evaluated as good in the 29 (85.3%) subjects 
and moderate in 5 (14.7%) subjects. Maneuverability of the MCE to movements of the guidance magnet robot was graded 
as good in 29 (85.3%) subjects and moderate in 5 (14.7%) subjects. More than 75% gastric mucosa was visualized in 27 
(79.4%) subjects and 50% to 75% in 7 (20.6%) subjects. Visualization of the gastric cardia, fundus, body, angulus, antrum 
and pylorus was subjectively assessed as complete in 82.4%, 85.3%, 100.0%, 100.0%, 100.0% and 100.0%, respectively. 
Polyp and erosive lesions were found in 7 subjects.
Conclusion: Magnetic-controlled capsule endoscopy used for examination of the human stomach is feasible and safe.

Introduction

Gastric diseases are great burden worldwide, especially in East 
Asia.1-5 Esophagogastroduodenoscopy (EGD) is recognized as 
the essential method in screening, diagnosis and management of 
gastric diseases.6-8 However, the standard EGD requires flexible 
tube carrying the light guide and equipment channel and this 
design always makes the patients discomfort and lowers the 
compliance.9 Although conscious sedation in endoscopy can 
improve these drawbacks, the potential drug-related side effects 
limit its use in certain population and the increased cost also 
limits its use in whole population.10

Capsule endoscopy (CE) has been widely used in clinical 
practice for more than a decade and its use in small bowel 
has been proved with high detectability and good safety.11,12 
Moreover, CEs specially designed for esophagus and colon have 
been developed, with good outcome and acceptance.13-16 The 
capsule endoscopy for stomach also advances dramatically and 
several kinds of magnetically guided capsules have been reported 
and showed promising benefits.17-19 However, these systems still 
have some limitations. The magnetic force generated by handheld 
external magnet appeared to be insufficient to prevent accidental 
emptying of the capsule from strong retraction of pylori.17 The 
equipment derived from CT and magnetic resonance imaging 
procedures provided adequate force and acceptable performance 
but indicated possibly fairly high cost.18 Robotic control on 
magnetic capsule endoscopy (MCE) based on industry robot 
may provide a much more cost effective solution. The report 
from Ciuti et al. demonstrated that robotic control on magnetic 
steering capsule was more precise and reliable than manual 
operation,19 but the effectiveness of this technique in human 
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body was not reported. 
We have developed a novel magnetic-controlled capsule 

endoscopy (MCE) system with magnetic field generated by an 
external industry robot, which has the advantage of adequate 
magnetic force at potential cost effectiveness as low as tens of 
thousands US dollars in the future. Herein we report the pilot 
study of this system in healthy volunteers to assess the feasibility 
and safety of this system in the examination of human stomach.

Methods

MCE system
The MCE system consisted of capsule endoscopy, a guidance 
magnet robot, a data recorder and a computer workstation with 
software for real-time view and control, all provided by ANKON 
Technologies Co. LTD.

The capsule endoscopy had been proved effective in small 
bowel in another study (in press) and the examination in stomach 
was performed well and safe in simulator model and porcine 
model (See Supplementary Video 1). The capsule has a size of 
28×12mm with a permanent magnet inside the dome (Fig. 1). 
The guidance magnet robot provides five degrees of control 
freedom: two rotational and three translational. The capture rate 
of MCE is two frames per second from a single CMOS sensor. It 
transmits images to the data recorder via a set of sensors placed on 
the patient’s skin. The images are viewed in real time on monitor 
and stored into workstation simultaneously.

The guidance magnet robot is of C-arm type with five degrees 
of freedom. The complete working area on the MCE is more 
than 50×50×50cm3. The magnetic field generated by guidance 
robot system can be adjusted during the examination and 
reach 200mT at maximum, which is much less than that from 
standard 1.5T MRI. Theoretically the maximum pressure of the 
controlled capsule against the wall of gastrointestinal tract due 
to the magnetic force is less than 10kPa, which was considered 

safe from the previous study.17 Actual strength of magnetic field 
used to control the navigation of MCE is about 5mT to 30mT 
which is 60 to 300 times greater than the Earth’s magnetic field 
and generates magnetic force in the order of the capsule’s weight. 
With permanent magnet the guidance magnet robot runs very 
quiet and consumes low electric power requiring no cooling 
system at all. 

During examination the investigator sits in front of the 
workstation with dual monitors (Fig. 2). The left monitor 
displays the real-time view of stomach from the capsule and the 
view of patients from cameras. The right monitor is the operating 
interface collecting the information about strength of magnetic 
field, attitude of capsule, and so on. The attitude information 
of capsule is obtained through simulation on the basis of the 
magnetic field generated by the guidance system. MCE can be 
controlled by the magnet guidance robot through a joystick or 
automatic mode by which the MCE can make linear movement 
or rotation without manual control.

Subjects
All subjects were selected from healthy volunteers aged 18-60, 
without significant abdominal symptom or medication history 
during last 3 months, and without abdominal surgery history. 

Procedure
The subjects arrived at the hospital between 8:00am and 
10:00am after fasting overnight (>8 h). All subjects drank 500 
ml of clear water about 1 h  before capsule ingestion, another 500 
ml clear water 15 min before ingestion, and 6 g air-producing 
power (Tianzhili Biological Technology, Fuzhou, China) with 
5 ml water 5 minutes before ingestion. The air-producing 
powder served to distend the stomach via releasing about 540 
ml CO

2
 every 6 g. After swallowing the MCE together with 5 

ml water, the subjects immediately lie down on the bed attached 
to the guidance robot. The position of the bed was adjustable for 

Figure 1.  The AKE-1 magnetic-controlled capsule endoscopy. A. The 
prototype of AKE-1. B. The top view of AKE-1. C. The size of AKE-1 is 
28×12mm. D. Data recorder and sensors placed on the patient’s skin. Figure 2.  The front view of the magnetic-controlled capsule system.
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Figure 4.  A gastric polyp was found during magnetic-controlled capsule 
examination (A) and confirmed by the following gastroscopy (B).

Figure 3.  The images of primary landmarks in stomach. A. cardia, B. fun-
dus, C. body, D. angulus, E. antrum, F. pylorus.

optimal gastric imaging and maximal magnetic force for capsule 
navigation. 

During the examination, the subjects remained supine 
position and kept minimum movement. After the MCE reached 
stomach, the investigator guided the capsule based on the real-
time images and parameters displayed on the operating interface. 
The investigator performed following steps: lifting the capsule 
away from the posterior wall, rotating and advancing the capsule 
to the fundus and cardiac region, then rotating capsule to observe 
stomach body, and finally observing the angulus, antrum and 
pylorus. If the distension was insufficient, ingestion of additional 
air-producing powder or water was repeated. 

The examination duration lasted for as long as 60min. 
Afterward, the maneuverability of MCE was recorded and graded 
by the investigators. The images recorded were compiled and 
reviewed for evaluation of gastric preparation and visualization 
of the gastric mucosa. Subjects completed a questionnaire about 
the discomforts and the acceptance of the gastric preparation and 
MCE examination process. Acceptance was assessed in 5 grades: 
very good, good, fair, poor and very poor. After the procedures 
no subject was allowed to leave before determined well. Within 
14 days, subjects were contacted via telephone to confirm capsule 
excretion and adverse event if there was any. 

Study end points
Safety was assessed according to occurrence of adverse events and 

tolerability of subjects through the questionnaire. 
Gastric preparation included the degree of cleanliness and 

distention. Cleanliness was evaluated by 3 grades: good (the 
fluid was transparent and <5% of gastric mucosa was obscured 
by stomach contents), moderate (the fluid was a little opaque or 
5% to 10% of gastric mucosa was obscured by stomach contents) 
and poor (the fluid was opaque or >10% of gastric mucosa was 
obscured by stomach contents). Distention was evaluated by 
3 grades: good (existence of a small amount of gastric folds), 
moderate (existence of significant amount of gastric folds and 
gastric cavity was smaller than expected) and poor (gastric cavity 
was not inflated).

Feasibility was evaluated through two end points: (1) overall 
maneuverability of MCE (good, the MCE followed control and 
moved to targeted anatomical landmark precisely; moderate, 
the MCE followed control and moved towards the direction of 
anatomical landmark but did not reach target precisely; poor, 
the MCE did not follow control); and (2) visualization of gastric 
mucosa (good, >75% of mucosa was observed; moderate, 50% 
to 75% was observed; poor, <50% of the gastric mucosa was 
observed) and primary anatomical landmarks (cardia, fundus, 
body, angulus, antrum and pylorus of stomach). 

The evaluation of gastric preparation, overall maneuverability 
and visualization of gastric mucosa were completed by two 
investigators with lots of experience in CE and the lower value 
was selected for further analysis.
 
Ethical considerations
The study was approved by the institutional review board 
of Shanghai Changhai Hospital, and informed consent was 
obtained from each subject before the procedure.

Results

From February to June, 2012, 34 healthy volunteers (14 women 
and 20 men) participated this study with the mean age as 
41.3±13.1 years and the mean body mass index as 23.2±3.2 kg/
m2. 

Examination process
Gastric preparation and capsule swallowing were done well in all 
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subjects. All subjects tolerated the standard volume of 1000ml 
water and 6g air-producing power well. Ten (29.4%) subjects 
drank additional water and ten ingested additional 2g (n=7) or 
4g (n=3) air-producing powder, respectively.

All MCEs passed the esophagus smoothly and fell onto the 
upper part of posterior wall of gastric body at first, which was the 
lowest position in the stomach on supine position. Opaque fluid 
pool with mucus and food residue was observed in this location 
in 6 subjects. Additional water was ingested attempting to 
remove or dissolve the pool but no significant improvement was 
observed in 4 subjects. The cleanliness degree was evaluated as 
moderate in these 4 (11.8%) subjects and as good in the other 30 
(88.2%) subjects. The distention of gastric cavity was evaluated 
as moderate in 5 (14.7%) subjects and good in the other 29 
(85.3%) subjects.

The examinations were performed following the steps 
described in Method section. When the capsule was stuck 
between folds on the gastric wall or covered in mucus, the capsule 
could be grasped off the mucosa by magnetic control.

The average examination time was 43.8±10.0 min (27-60). 
In one subject (Subject 9) the investigator misidentified pylorus 
as cardia and the capsule quickly passed into duodenum due to 
strong pyloric contraction before the investigator took counter 
action. This incomplete examination took 27 minutes. In other 33 
subjects, the investigator completed or terminated examinations 
within 60 min with average duration in the stomach of 44.3±9.6 
min (34-60).

Feasibility
In 5 (14.7%) subjects the MCE followed guidance magnet 
robot but failed to reach cardia and fundus region, so the 
maneuverability was graded as moderate. One of these 5 subjects 
(Subject 3) had highest body mass index (33.2 kg/m2). The 
cleanliness and distention of stomach in 2 subjects was moderate. 
The reason for the other 2 subjects was not definitive.

In all other 29 (85.3%) subjects (including Subject 9), the 
MCE followed guidance magnet robot smoothly and the 
maneuverability was graded as good.

Visualization of the gastric mucosa was assessed as good 
(>75%) in 27 (79.4%) subjects and moderate (50% to 75%) in 
7 (20.6%) subjects. The inability to visualize >75% of mucosa 
was due to difficulty for the MCE to reach all regions in 1 hour 
(n=5), significant opaque fluid (n=1) and early pyloric passage of 
the capsule (n=1). No entire gastric mucosa was observed in all 
subjects for three reasons: 1) small amounts of fluid blocked the 

view of the most apical parts of the fundus; 2) insufficiency of 
gastric distention; 3) difficult to guidance MCE in the cardiac 
region.

The anatomical landmarks of stomach are well visualized 
in most subjects (Fig. 3). In summary, visualization of the 
gastric cardia, fundus, body, angulus, antrum and pylorus was 
subjectively assessed as complete in 82.4%, 85.3%, 100.0%, 
100.0%, 100.0% and 100.0% of subjects, respectively (Table 1).

Regarding pathological findings, a single polyp located 
in greater curvature was found in one subject (Subject 1) and 
assessed in gastroscopy 1 week later (Fig. 4). Erosive lesions were 
found in 6 (17.6%) subjects.

Safety
The gastric preparation and the examination of MCE were 
well tolerated and accepted. The acceptance about the gastric 
preparation was graded as very good in 15 (44.1%) subjects and 
as good in other 19 (55.9%) subjects. The acceptance about the 
MCE examination in stomach was graded as very good in all 
34 (100.0%) subjects. Thirty-three (97.1%) subjects reported 
no discomfort during the examination and follow-up, and one 
(2.9%, Subject 3) reported slight abdominal distention after 
additional ingestion of 4g air-producing powder. All capsules 
were excreted spontaneously.

Discussion

This pilot study provided a preliminary assessment of the novel 
MCE system in healthy volunteers. In the present study, the 
examination process was highly accepted and no adverse event 
occurred. Maneuverability of the MCE was graded as good 
in 29 (85.3%) subjects and moderate in 5 (14.7%) subjects. 
Visualization of the gastric mucosa was assessed as good (>75%) 
in 27 (79.4%) subjects and moderate (50% to 75%) in 7 (20.6%) 
subjects. The visualization of gastric cardia, fundus, body, 
angulus, antrum and pylorus was completed in 79.4%, 85.3%, 
100.0%, 100.0%, 100.0% and 100.0% of subjects, respectively. 
CE has been widely recognized as a revolutionary innovation over 
the decade and its prominent advantages includes noninvasiveness 
and convenience. Although CE plays more and more important 
role in the diagnosis and management of diseases through 
esophagus, small bowel and colon,11,13-16 its application has not 
yet been expanded to stomach. The anatomical and physiological 
characteristics of stomach demand traditional passive capsule 
to be actively controlled by endoscopists. Years of studies have 
suggested that steerable capsules with external magnetic field 
may be the most viable approaches for active control20 and several 
explorations have showed promising benefits.18,19,21,22 According 
to these previous studies and ours, three issues are required to 
be solved for the stomach capsule: maneuverability, location and 
gastric preparation.

Maneuverability, largely depending on control equipment 
and experiences of operator, is probably the most essential factor 
to realize the active control of CE in gastric cavity. Most of 
reported active CEs are guided by magnet.20 Theoretically our 
guidance magnet robot can generate maximum magnetic field 
of 200mT. In this pilot study we applied magnetic field of 5mT 

Table 1. Results for complete visualization of the stomach in 34 healthy 

volunteers

Gastric area
Complete visualization

No. %

Cardia 28 82.4

Fundus 29 85.3

Body 34 100.0

Angulus 34 100.0

Antrum 34 100.0

Pylorus 34 100.0
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to 30mT, higher than that of previous reports.17,18 Moreover, we 
programmed automatic mode so the MCE could complete linear 
movement or rotation without manual control. In the present 
study, the maneuverability of MCE was graded as good in 29 
(85.3%) subjects and moderate in 5 (14.7%), and MCE did not 
advance to the cardia and fundus in these 5 subjects. Cardia 
and fundus were observed to be the most difficult targets for 
active control in other reports.17,18,21 In our study, we observed 
same situation and attributed reasons to high body mass index 
and moderate cleanliness and distention in 3 subjects. In other 
2 subjects, there was no definitive reason and we suspect that 
lack experience of controlling capsule backwards to these regions 
may be the possible reason. Sometimes, we could not recognize 
the cardia clearly and control the capsule to advance. According 
to Rey et al.,21 navigating ability to assess the fundus and cardia 
region could be improved as learning phase and we will focus on 
improving guidance software and operator experience to achieve 
better maneuverability in future.

Location of CE is critical information for efficient control on 
capsule in gastric cavity. Unlike the gastroscopy with its tube as a 
guide, the capsule may get lost in gastric lumen, especially when 
fluid blocks the view or gastric distention is inadequate. Even 
though our MCE system had an interface displaying capsule 
attitude and movement information, when the capsule got 
too close to the mucosa, the investigators could not determine 
the location of capsule precisely and had to drag the capsule 
backwards to get a broader view for location. Magnetic tracking 
algorithms compatible with external magnetic locomotion have 
been implemented to obtain capsule space information with 
the position errors less than 20 mm by other researchers.23 
Integrating this technology into active CE may bring benefits in 
gastric examination.

Gastric preparation is also important to active capsule 
examination, as current CE cannot supply water or air as 
standard gastroscopy, nor has functions of suction. Ideal 
preparation not only removes the residue and mucus from the 
stomach, but also distends the gastric cavity. Several strategies 
were adopted by previous studies. The strategy of Keller et al. 
was fasting overnight, 500 ml water and 5.8 g sherbet powder,18 
while Rey et al. adopted fasting overnight, 900 ml water and light 
exercise. In our study, subjects ingested 1000 ml water and 6 g 
powder producing about 540 ml CO2. All subjects tolerated our 
preparation strategy well except one reported slight abdominal 
distention after adding 4 g air-producing powder. However, 
the cleanliness degree in 4 (11.8%) subjects and the distention 
of gastric cavity in 5 (14.7%) subjects was not considered 
good enough. Fluid pooled in the upper part of posterior wall 
sometimes impaired visualization and ingesting more water did 
not bring improvement. Simethicone is used widely in bowel 
preparation of traditional CE to decrease bubbles and residue,24 
but the suspension module lead to opaque fluid in Keller et al’s 
report18 and our previous porcine study. Other premedication 
proven effective in gastroscopy such as pronase25 may be tested to 
improve gastric preparation for MCE. 

We did not adopt the strategy in the previous studies that 
the subjects would change the position to assist more effective 
movement of CE. Instead we let subjects to stay supine position 

through entire examinations for following reasons: First we would 
like to evaluate the maneuverability of CE by guidance magnet 
robot itself; Secondly we consider that a convenient capsule 
examination shall require patients to do nothing but remain relax 
position, especially for special groups such as infant or elderly. 
However, two of ten subjects were graded as moderate especially 
in cardiac and fundus regions. Whether changing position would 
assist visualization of these regions requires further evaluation in 
our future studies. 

Despite initial and encouraging advancement in various kinds 
of magnetic-controlled capsule endoscopy, there was concern 
in its practical value at present.26 The drawbacks of current 
magnetic-controlled capsule endoscopy comparing with the 
standard EGD are clear: complicated gastric preparation, lack of 
biopsy capacity and long examination time. However, in our view 
all these drawbacks may be solved in the future as the technology 
keeps advance. As pointed by Rey et al,18 after balancing the pros 
and cons of standard EGD and magnetic-controlled capsule 
endoscopy, the latter might be a more cost-effective use of medical 
and social resources. In the future, MCE may be adopted as the 
screening method for gastric disease, especially for the elderly 
with sedation contraindications.

There were several limitations in our study. First, we assessed 
the completeness of visualization after examination. Sometimes 
it is difficult to judge whether the visualization was the result of 
active guidance or random movement, and it is possible to magnify 
this result. Secondly, there is no objective standard to evaluate 
the cleanliness and distention of stomach and maneuverability of 
capsule. We used semi-quantitative grade and this is not perfect 
but suboptimal and feasible method. Thirdly, the evaluation of 
gastric distention in our study was conducted when the distention 
is at the largest degree during the examination. Gastric distention 
decreased significantly as the examination progressed. The 
subjects with long examination time required additional water 
and air-producing powder.

In conclusion, MCE system had good maneuverability and 
detectability, and the acceptance and tolerance were excellent. 
MCE system appeared to be clinically valuable and should be 
developed further.
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