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blinded comparative trial

Hua-sheng Lai,’ Xin-ke Wang," Jian-qun Cal,; Xir-mei Zhao,” Ze-long Han," Jie Zhang,’

Zhen-yu

en,’ Zhi-zhao Lin,' Ping-hong Zhou,” Bing Hu*(» Ai-min Li' and Si-de Liu'(

'Guangdong Provincial Key Loboratory of Gostroenterology, Department of Gastroenterology, Nanfong Hospital,
Sauthern Medical University, Guangzhou, *Department of Gastroenterology, Zhongshan Hospital, Fudan University,
Shanghai, ond *Department of Gastroenterology, West China Hospital, Sichuan University, Chengdu, Ching

Aim: To cormpare Teasibility and safety after gastrointestinal
checkup by standing-type magnetically controled capsule
endoscopy (SMCE) and conventional gastroscopy

Methods: This was a prospective multicentar, blinded study
that compared SMCE with gastroscopy in patiants from April
2018 to July 2018, All patients first undarsent SMCE and then
subsecuently had gastroscopy with iy, anesthesia. We cakou-
lated the compliance rates of gastric lesion detection by SMCE
using gastroscopy as the standard, Capsule retention rate,
incidence of adverse events, and patient satisfacton were
documented throughout the study.

Results: One hundred and sixty-one patients who completed
SMCE and gastroscopy were included in the analysis. Positive
compliance rate among SMCE and gastroscopy was 92.0% (5%
ClI: BO77%-B7.78%), Megative compliance rate was 955%

INTRODUCTION

CNVENTIONAL GASTROSCOPY 18 uncomfortable

and has poor patient compliance. Although anesthesia
can improve patient compliance, patients feel discomfon
amnd may suffer from anesthesia-related adverse events after
gastroscopy,'

Caprule endoscopy (CE) has been ured for decades and
represenis a comforiable allemative gastroscopy method. ™
A newly developed method called magnetically controlled
CE (MCE) is currently used for pastric examination™ "
According to the latest expert consensus on MCE, advan-
tages of MCE are that it does not require sedation, is

Comesponding: Siwde Liu, T838 Guongzhou Avenwe North,
Guangzhou 510515, Chino. Email: luside20 16 163.com
Registry and the registration number; The Chinese Clinicol Trials
Registry (CHICTRTE0001 8344/,

Huasheng Lol and Xinke Wang contributed equolly.
Recefved 27 June 2019, occepted 27 August 2079,

|B9.80% 93.52%. Moreower, overall cormpliance rate was
415 (B9.O0F, 97415, Sinty-four pathologicsl outcomes were
identified, Of these &4 outcomes, 50 were detected by both
procedures. The gastroscopy method neglected seven findings
{such as five erpsions, one polyp, and ona ulcer|. Furthermare,
SMCE also overlooked seven lesions [i.e. one erosion, two
palyps, ane atrophy, and three subrmucosal tumors). Capsuhe
relention or related adverse events were nol reported.
Canclusion: Standing-type magnetically controlled capsule
endoscopy provides equivalent agreement with gastroscopy
and may be useful for screening of gastric ilinesses without amy
anasthesia,

Key words: compliance rate, conventional  gastroscopy,

gastric  disease,  gastric  examination,  standing-type
magnetically guided capsule

comfortable and safe, has high diagnostic accuracy and is
casily aceepted by the population.”

Recently, a new standing-type MCE (SMCE) system has
been developed. Except for the SMCE system, three lying
types of gastric capsule systems are currently used for medical
assessment globally: the handle style, the MRI style, and the
robotic style.™ " When compared with other similar prod-
wets such as Olympus (Olympus Medical Syvatems Con Ltd.,
Tokye, Japan) amd NaviCam (ANKON Technologies Co.
Ltd., Wuhan, China) magnetic capsule, *'" SMCE does not
require patients 1o be equipped with multiple antennae 1o
record the images so the procedure is more convenient, Also,
SMCE is more maneuverable, as the guidance magnet robot
in this stedy could produce a maximum magnetic field of
250 mT, which is greater than the 100 mT of Olympus and
the 200 mT of NaviCam.™'"

However, the safety and feasibility of SMCE system remain
in be determined, We carried oui a muliicenter comparison
trial to confirm the effectiveness of SMCE, allowing patients
1o unddergo & preliminary gastric SMCE examination before
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carmrying out gastroscopy with sedation. Primary outcome was
the compliance rate of stomach lesions detection by SMCE
using gastroscopy as the standard,

METHODS
Study type and ethical approval

HIS STUDY WAS approved by the Institutional
Review Board of panicipating centers. Written
informed consent was obamned from all patients.

Patient enrolment

This trial was carried out in three tertiary hospitals between
17 April 2008 and 9 July 2018, Adult patients between 18
and T years who had wpper abdominal complaints and
were sehedubed for gastroscopy were eligible.

Patients with any of the following were excluded: (i)
varous acube types of ententis, such as bactenal dysentery,
acute ulcerative colitis, asphyxia ete.: (i) known or suspected
gastrointestinal obstruction, stenosis, and fistula; {m) acute
phise of upper gastrodntestinal perforation; (iv) severe throat
disease; (v) acute phase of cormosive esophagitis; (vi) severe
gastric dysmotility; (vii) electronic device implanted; (viii)
previous history of allergy; and (ix) pregnancy.

(e}

&)
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Study intervention

First SMCE was conducted and subsequent gastroscopy was
done with v, anesthesia after 4 h. Ability w detect gastric
lesions was compared between SMCE and gastroscopy.

Standing-type magnetically controlled
capsule endoscopy system

The SMCE system (JIFU Medical Technologies Co., Lid,
Shenzhen, Ching) comprises a capsule endoscope, a guid-
ance magnetic robot, and imaging computer. The capsule 15
27 « 12 mm (Fig. 1), weighs 2.7 g, and conlains a
permanent magnet (Fig. S1)h  Pictures  are  taken at
4 frames's. Observation distance is 0-50 mm and viewing
angle is 136°, The magnetic robot is a standing-type system
wilhout arms (Fig. 1] and contiing wireless necéavers,

Stomach preparation procedure and
magnetically controlled capsule endoscopy
procedure

Patients were asked to fast overnight (=8 h) before amiving
at the hospital. Dimethy] silicone oil (10 mL; Berlin-Chemie
AG, Berlin, Germany) was used as a defoamer 30 min

Figure 1 Guidance equipment: guidance magnet robot and control station. Four single images are shown: |a8) capsule
endoscopy, by capsule activator, (gl control station, (d) standing-type guidance magnet robot

£ 2019 The Authors. Digessive Endazeopy published by John Wiley & Sons Australia, Lid
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before inspection and 20 000 units pronase granules wene
used 15 min before inspection {Beijing Tide Pharmaceutical
Co,, Lid, Beijing, China) i eliminate mucus. Patients were
requested o consume 300 mL o 1 L of water to a feeling of
fullness,

Six anatomical landmarks (cardia, fundus, body, angulus,
antrum, and pylorus) were observed. When the patient stood
with his/her lefi side close to the maching, the capsule mowed
o the fundus, cardia and body; when the patient stood with
ihe abdomen stood close 1o the maching, the capsule mowed
1o the angulus, antrum, and pylorus (Video S1h

Gastroscopy

Gastroscopy  (Olympus  GIF-HIZM), Tokyo, Japan) was
carried out 4 h after SMCE. It was done by two other
endoscopists with experience of more than 100 gastro-
seopies, both of whoem were unaware of the previous SMCE
results. Six landmarks were observed and photographed . 1F
clinically necessary, pathological biopsy specimens were
taken, Operator recorded all the results of gastroscopy,
including lesion location, size, and charactenstics, which
were confirmed by two doctors, A second pastroscopy of the
patient was required within 1 week afier a lesion was
determined by SMCE but not by gastroscopy, but the results
were not included in the final evaluation. Esophagus and
ducdenum were also inspected by gastroscopy, but the
results were not included in the final evaluation.

Gastric mucosal cleanliness and visualization

Mucosal cleanliness of major anatomical landmarks of the
stomach was assessed and recorded in real time by two
reviewers who were maneuvering the capsule, Four review
subscales were used to subjectively rate the cleanliness,
namely excellent, good, fuir, or poor (Fig. 52)."*

A five=level subscale was applied fo subjectively define
visualization of the six landmarks, as follows: level 1, =90%;
of the mueosn was obeerved; level 2, T5-90% of the mucosa
was observed; level 3, 60-74% of the mucosa was observed;
level 4, 50-59% of the mucosa was observed,; and level 5,
<50% of the mucosa was observed.

Evaluation of study findings

Evaluation of SMCE was operated by two experienced
physicians with experience of more than 100 MCE. Positive
findings were defined as focal lesions such as erosion,
polyp, ubcer, and others (e submucosal tumor [SMT],
heterotopic pancreas eic), or a diffuse lesion such as
armphi-: gastritis,  Mormal  gastric  mucesa  or omild

inflammation was defined as a negative finding, Results
from both examinations were conststent when the location,
characteristics, and sizes of the lesions were consistent, 1T
more than one lesion was noticed in a patient, the moest
critical lesion was selected, and the ulcer, polvp, SMT, etc.
wias considered the final analysis. Images of each patient
were independently assessed by two investigators. [F the
results between the two investigators were inconsistent, an
mdependent investigator made a final diagnosis. They were
blinded to each other’s test results.

Evaluation of safety and maneuverability of
SMCE

If the capsule was not found in stool within 1 week, patients
were instructed o return to the respective center for
abdominal X-ray, If patients had not found the capsule in
2 weeks, they were instructed to retwn fo hospital for
surgery or other treatment for capsule removal as suggested
by the investigator, Adverse events were defined as
symptoms such as bloating, nausea, or vomiting during
the trial. Overall mancuverability of the SMCE capsule was
subjectively rated by the endoscopists.

Statistical analysis

We assumed that SMCE has at least a 9% positive
compliance rate and a 78% negative compliance rate in
detecting gastric lesions.® With a significance level of 005
(two-sided) and lolerance eror of 8%, the formula for
caleulating sample size was o = Z7__ Pl — P)/AT (A s
the allowable error). After caleulation, the number of
positive-finding  subjects was estimated tw be 23, and
negative-finding  subjects was 104, At least 127 patients
were needed, With a projected drop-out rate of 10%, at least
140 patients were required.

Descriptive  statistics  for  confinwous  variables  were
recorded as mean + SD oor median and range valucs, A
chance-adjusted knppa stutistic (k) was caloulated to nssess
the strength of compliance between SMCE and gastroscopy.
Statistical analysis was done by SAS software version %.4
[SAS, Cary, NC, USA)

RESULTS
Patients

TOTAL OF 171 patients were registered in the three
participating centers. Afier SMCE, three patients
declined further follow up, one patient’s capsule was
removed by gastroscopy and therefore violated the protocol,
One patient had unexplained skin allergy before SMCE, one

2009 The Authors, Digesive Endoscapy published by John Wiley & Sons Australia, Ltd
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paticnt encountercd menstrual period before the endoscopy
period, one patient refused to retum the capsule, and three
patients voluntarily withdrew during the tdal. Thus, 10
patients werg not involved in the final analysis (5.8%).
Hence, 161 patients whao finished both tests were included in
the analysis (Fig. 2). One hundred and sixty-five subjects
whe completed both methods were incleded in the safety
set (55). Minety-four (57.09%) patients were male and 71
(43.0%) were female with a mean age of 30L02 4+ 9.73
vears (range, 1869 years), Average time o conduct SMCE
wis 24,17 + T.48 min {range, 7-47 min}, whereas average
time to conduct the gastroscopy was 7.06 = 4.15 min
(range, 2-32 min).

Negative versus positive gastric areas
determined by gastroscopy and SMCE

One hundred and six patients were determined as negative
and 55 as positive {Table 1), These findings lead to a
positive agreement of 92.0% (95% CL: B0.TTH0-97.78%), a
negative agreement of 95.5% (B9.80%, 98,52%), an overall
agreement of 94.41% (89.65%, 97.41%), and a x-valuc of
0870 (wo-sided  exact, P < 0.0000) MecNemar's test
indicated a P-value of 011 (P = 0.74), suggesting that the
results obtained from both investigations were not signifi-
cantly different.

Table 2 and Table 3 show the lesions found by SMCE and
gastroscopy. Sixty-four pathological findings were idennified,
of which 50 lesions were detected by both procedures. Among
the diagnoses, there were 23 erosions, |5 polyps. nine SMT,
one heterotopic pancreas, and vwo atrophic gastrits (Figs 3
and 4), Gastroscopy identified seven extra lesions that wene
overlooked by SMCE, together with one erosion, two polyps,

Included patients

one atrophic gastritis, and three SMT. SMCE also detected
seven lesions that were overlooked by gastroscopy including
five erosions, one polyp, and one uleer. The polyps not
detected by gastroscopy were confirmved and treated by
another endoscopic procedure.

Safety of SMCE and patient preference

Abdommal X-ray confirmed that there was no capsule
retention during fellow up, Of the 165 subjects included in
the safefy set (S5), 152 (92.1%) subjects had confirmed
capsule excretion in the feces dunng the follow-up peniod
(2 weeks), and the remaining 13 (7.9%) subjects finally
confirmed excretion within 2 weeks by Xeray,

Adverse reactions were reported in three (1.8%) of the
165 patients who finished the study. One patient had navsea
amd vomiting, one patient had oral pain, and one patient had
dizziness. Nausea and vomiting were considered a result of
the gastric preparation procedure. All described symptoms
disappeared within 24 h after the SMCE procedure, Among
the 163 patients, 99 (60.0%) preferved SMCE, and 66
{40.0%) patients preferred gastroscopy.

Gastric cleanliness, mucosal visualization
and maneuverability of SMCE

Gastric cleanliness in the cardia, fundus, body, angulus,
antrum, and pylorus of the stomach was regarded as good in
B2.6%, B4.2%, 93.9%, 96.0%, 97.6%, and 97.6% of paticnis
who underwent SMCE, respectively. Gastric mucosa visu-
alization in the above-mentioned six landmarks was good
{level 1 or level 2) m 99.4%, 93.4%, 994%, 100.0%.,
99 4%, and 99.4% of patients, respectively. Perfect visibility

Haospital | Hospital 2 Haospital 3
T ]
Allergy 1 Wighdraw 3
Mensiruation 1 Refuse Xemy 3 Refuse CEreium |
Gastric reiention |

Final melusion

Figure 2 Flow chart of patients included in the present study.

i 2019 The Authors. Digestive Endoscopy published by John Wiley & Sons Australia, Led
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Table 1 Inival readings of megatve vs positve findings in
patients who underwent SMCE and standard gastroscopy

Table 3 Per location and per lesion analyses of |esions
diagnosed by SMCE and standard gastroscopy

SMCE, i %) Gastroscopy, n (%)

Positive Megative Total, n
Paositve Ady (2858 5317 51 |31.468]
MHegative 4 {2.48) 106 (65830 10 168.32]
Total 50(31.08 111 (5894 161 10000

SMCE, standing-type magnetically controlled capsule endoscopy.

Tabhle 2 Classification of 44 lesions diagnosed by SMCE and
standard gastroscopy

Lession SMCE  Gastroscopy Both SMCE and
anly, m only, @ gastroscopy, n

Erosion 5 1 P

Polyp 1 2 15

Ulcer 1 o i}

Aprophic ] 1 2

gastritis

Protuberance a 3 G

Heterotopic 0 o 1

pancreas

Bleeding o o o

Tistal 7 7 50

{@normal

SMCE, standing-type magnetically contralled capsule endoscopy.

{level 1y in the above-mentioned six landmarks accounted
for 49.7%, 47.9%, 61.2%, 68.5%, 63.0% and 63.6% of
paticnts, respectively. In nearly all subjects (164, 99.4%),
mancuverability was graded as good or moderate.

DISCUSSION

TANDING-TYPE MAGNETICALLY CONTROLLED

capsule endoscopy and gastroscopy show similar diag-
nostic consistency  with overall consistency of 94.41%,
positive apraament of 92.0% and nepative agresment of
95.5%. A previous similarly designed study on a similar
product® showed overall consistency of 91.2% (93%
Cl: 84.4%-97.9%), positive agreement of 96.0% and
negative agreement of 7T.8%, Compared to the latier study,
SMCE was slightly better in overall agreement rate and it
seemed that SMCE was significantly better in negative
agreement rate. Possible reasons for this advantage are that
the SMCE capsule was able to distinguish greater detail of
the mucosal pattern of the stomach and had a betier ability
1o distinguish between normal mucosa and mucosal lesions.
In the present siudy, both methods missed focal lesions,
However, SMCE appears 1o have a small benefit over

Gastroscopy  SMCE  Both SMCE and
only, a only, N gastroscopy, o

Antrum Atrophic 1 a 1

gastritis

Palyp i ] 1

Ulcer i} [i] [4]
Bady Atrephic o 1 0

gastritis

Polyp 1 a 1"

Ulcar 1 1] 4]
Fundus  Atrophic 1] a [}

gastritis

Polyp v 1 2

Ulcer o 0 [+]
Cardia  Atrophic 1] a o]

gastritis

Polyp 1 0 1

Ulcar o a o
Angules  Atrophic 1 4] 1

gastritis

F‘ul'.-p W 1] 1

Ulcer [} a 4]

SMCE, standing-type magnetically controlled capsule endoscopy.

gastroscopy in fnding mild erosion (five lesions we one
lesion). These findings are consistent with other find-
ings.**"* Possible reasons for this sdvantage are the
magnifying effect of water and, as a result of this, the
capsule was able to inspect the mucosal surface for an
extended time due to better patient tolerahility of capsule.

Standing-type magnetically controlled capsule endoscopy
is a promising alternative screening method for gastric
disease. First, SMUE could be a reliable screening method
for patients whe do not require further invasive procedures.
In this trial, only 30 patients (18.2%) needed biopsy by
gastroscopy, Henee, more than 80% of patients did not
require invasive aastroscopy after SMCE  investipation.
Second, SMCE takes up less space, which is more
acceplable  in medical  institutions  than  lying-type
devices. 2" Third, wnother benefit of SMCE is its
comparatively lower price.!"'? The cost of cach SMCE
examination appears 10 be cheaper than that of the other
MCE system in China (3436.13 v $581.51), but still higher
than sedation gastroscopy (5145.38)

Adverse events described by patients were infrequent and
mild, and mone of the reported cvents were duc to the
capsule itself. In the present study, patients suspected of
having small-bowel disease were excluded, and the retention
rate of the capsule in these excluded patients is supposed o

2019 The Authors. DNgestive Endoscapy published by John Wiley & Sons Australia, Ltd
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Figure 3 Representatve images taken by both rmagnetically controlled capsule endoscopy nd gastroscopy. (a) Erosive

gasiritis. (b} Gastric polyp. Ic| Atrophic gastritis

ansdes

Adoasonsen

Figure 4 Representative images taken by both magnetically controlled capsule endoscopy and gastroscopy, (al Ulcer, i)

Hetzrotoplc pancreas. (c) Submucasal wmors

be low." No retention occurmed in our stedy, Our findings
support that SMCE, specified for identifving upper gas-
trointestinal diseases, is safe with a very low complication
rale,

Maneuverability of the SMCE was graded as good im 105
(63.6%) patients and moderatz in 59 (35.8%) patients.
Maneuverability is the most important factor in determining
whether CE can be effectively controlled in the gastroin-
testinal tract.'™"™!7 In the present study, the SMCE device
wis advanced to the entire cardia and fundus, which were
considered to be extremely challenging regions for active
contrel in other studies.™'™

In the present study, cleanlingss in six landimarks was
good in more than 80% of patients who underwent SMCE,
Most studies used simethicone as an antifoaming agent to
improve visualization of the gastne mucosa and removal of
gastric mucus by pronase gmmlln;—s,"’""'" In our study,
pastric mucws reduced capsule visualization in nine patients,
Curremt or past Helicobacter polori infection status is
considered o be a cause of excessive amdior sticky
mucus, 22! However, only one hospital in our stdy had
assessed A prlert infection status. Elimination of mucus by
pronase™ has been shown o eliminate tis problem, and
this result was consistent with a previous study.”

£ 219 The Authors. Digestive Endoscopy published by John Wiley & Sons Auvstralia, Lid

on behalf of Japan Gastroenterological Endoscopy Society,
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Although SMCE was a5 good a5 gastroscopy in investiga-
tive agreement, certain lmitations of SMCE must be consid-
ered. First, SMCE examination time was longer than the time
needed for gastroscopy (24 min o 7 min); however, in the
future, the time required will be less when the image is
automatically analyzed using  artificial  intelligence. ™
SMCE requires less time than does a similar product, which
requires approximately 30 min,” Second, SMCE examination
time varied from 7 mim to 47 min. Reasons for this are as
follows: First, the SMCE capsule moved in the liquid by
meang of molling and rotating. So, when meving the same
distance, the path of the capsule’s lens was much longer than
that of gastroscopy. Second, the visual field of the capsule in
the motion state changed rapidly, which made manipulation of
the capsule more difficult and thus increased operation time.
Abso, the structure of each person’s stomach cavity is different,
resulting in different rajectories of capsule movement, Third,
the discomfort caused by standing may limit the use of SMCE
in certamn patients, but, mn the future, a sitting method wall
solve this problem. In addition, upper gastrointestinal
endoscopy  generally  includes examination of the entire
esophagus, stomach, and duodenum. Thus, SMCE tarpeted
for stomach only may limit its use in clinical practice.

Standing-type magnetically controlled capsule endoscopy
system produces approximately 20 000 images per inspec-
tion and 30-60 min are required for a doctor to read them.
With the application of artificial intelligence, SMCE system
has becn able 1o screen BO-90% of similar images, greatly
reducing the burden on doctors. Similar o published
studies, ™ ¥ doetor's reading time will further shorten with
the application of computer-assisted diagnosis. Image-pro-
cessing technologics have also been applicd to CE A
recent meta-analvsis showed that improved delineation was
seen in 9% of angicectasias and in 45% of wlcer/erosions
using flexible spectral imaging color enhancement.* How-
ever, imaging processing technology has not been applied n
this study, bui it will be implemented in the next generation
of SMCE.

In conclusion, this new SMCE mothod may be a
promising alterative for noninvasive screening for gastric
diseases. Technical modifications are needed, and trials with
larger sample sizes m a high-risk population need to be
done.
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Figure 51 Magnetically controlled capsule endoscope
(NFU Medical Technologies Co,, Ltd, Shenzhen, China),
The capsule has a size of 27 x 12 mm and has a permanent
magnet inside its dome, Viewing angle of the capsule is
1367, and the viewing distance is 0-30 mm.

Figure 82 Symbolic images indicating the use of 4-point
erading scale o accurately explain the cleanliness of the
stomach for the duration of the examination. (A) Excellent,
no more than small bits of adherent mucus and foam. (B)
Good, a small amount of mucus and foam, but not enough o
interfere with the examination. (C) Fair, a considerable
amount of mucus or foam present to preclude a completely
reliable examination. ([3) Poor, large amount of mucus or
foam residue.

Video 51 Inspection procedure of standing-type magnet-
ically controlled capsule endoscopy.
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MGCE Magenetically guided capsule endoscopy
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