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a b s t r a c t 

Background: Gastroesophageal varices is a serious complication of compensated advanced chronic liver 

disease (cACLD). Primary prophylaxis to reduce the risk of variceal hemorrhage is recommended if high- 

risk varices (HRV) are detected. We performed this study to compare the accuracy, patients’ satisfaction 

and safety of detection of HRV by detachable string magnetically controlled capsule endoscopy (DS-MCCE) 

with esophagogastroduodenoscopy (EGD) as the reference. 
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Research in context 

Evidence before this study 
The presence of high-risk varices (HRV) is a serious com- 

plication of compensated advanced chronic liver disease (cA- 
CLD). To prevent variceal hemorrhage, screening and surveil- 
lance aims to detect HRV in cACLD and determine the need 

for primary prophylaxis. Capsule endoscopy is a non-invasive 
substitute for esophagogastroduodenoscopy (EGD) which al- 
lows direct inspection of HRV. We searched PubMed on May 
16, 2020, for publications using the search terms “capsule 
endoscopy” AND “varices” with no language or time restric- 
tions. The pooled estimate from articles showed six studies 
designed to explore the diagnostic performance of capsule 
endoscopy for diagnosing HRV; however, no study demon- 
strated its performance in well-characterized patients with 

cACLD. The present study aimed at evaluating the diagnostic 
performance, patients’ satisfaction, and safety of the detach- 
able string magnetically controlled capsule endoscopy (DS- 
MCCE) for detecting HRV in patients with cACLD. 

Added value of this study 
The prospective, multicenter, blinded trial first demon- 

strated the excellent diagnostic performance of DS-MCCE for 
detecting HRV in well-characterized cACLD. In addition, in 

participants undergoing EGD without sedation, the satisfac- 
tion of DS-MCCE was significantly better than that of EGD. 
All participants confirmed the excretion of the capsule, and 

no adverse events occurred. 
Implications of all the available evidence 
DS-MCCE is safe and accurate in the detection of HRV in 

patients with cACLD, which has important implications for 
screening and surveillance for HRV in clinical practice. In ad- 
dition, DS-MCCE is better tolerated and thus may be indi- 
cated for those unwilling or unable to undergo EGD screen- 
ing for HRV. More importantly, DS-MCCE could be performed 

under the direct supervision of the endoscopist from a com- 
puter workstation in an adjacent but separate room. As the 
COVID-19 continues to spread throughout the world, non- 
contact DS-MCCE can minimize risk of cross-infection and 

protect health-care providers better. 
i

2 
ecruited participants with cACLD from 12 university hospitals (11 in

ingdom) between November 2018 and December 2019 (ClinicalTrials.gov,

underwent DS-MCCE, followed by EGD within a week in a blinded fashion.

e same day, participants were asked to fill in a satisfaction questionnaire

 participants were enrolled. With EGD as the reference standard, the con-

cificity, positive predictive value, negative predictive value, positive like-

ihood ratio of DS-MCCE in diagnosis of HRV were 0 • 90 (95% confidence

95% CI: 78–98%), 88% (95% CI: 78–95%), 80% (95% CI: 70–92%), 95% (95%

0–15 • 30), and 0 • 09 (95% CI: 0 • 03–0 • 30), respectively. The kappa score of

sted substantial agreement between DS-MCCE and EGD. Moreover, in par-

ut sedation, the satisfaction of DS-MCCE was significantly better than that

5%CI: 0 • 88–1 • 42]). All participants confirmed the excretion of the capsule,

. 

ccurate alternative to EGD for detecting HRV in cACLD, which is safe and

on. 

an be found in the Funding Support section. 

© 2020 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license
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ntroduction 

The presence of gastroesophageal varices (GEV) is a common 

nd serious complication of compensated advanced chronic liver 

isease (cACLD) [1-3] . GEV hemorrhage is associated with a six 

eek mortality rate of between 15% and 25% [2 , 3] . In order to pre-

ent variceal hemorrhage, screening and surveillance aims to de- 

ect high-risk varices (HRV) and determine the need for primary 

reventative therapy [2 , 3] . Esophagogastroduodenoscopy (EGD) is 

herefore an important part of the diagnostic work-up in patients 

ith cACLD, serving as the gold standard to diagnose HRV [2 , 3] .

owever, EGD is invasive and poorly tolerated, with many patients 

eeding intravenous sedatives or general anesthesia. Although EGD 

ith sedation relieves patients’ anxiety and discomfort and re- 

uces the potential for physical injury during the procedure, it in- 

urs additional risks of cardiopulmonary adverse events [4] . Con- 

equently, patients may decline a screening procedure if they are 

table and asymptomatic. 

Non-invasive methods for detection of cACLD are being ex- 

lored [5-13] . Although preliminary research is encouraging, these 

echniques predict the presence, rather than confirm or assess the 

ize, of GEV. By contrast, capsule endoscopy is a non-invasive alter- 

ative which also allows direct visualization of GEV [14] . A num- 

er of well-conducted trials [15-19] suggest that EGD and capsule 

ndoscopy may be equivalent in terms of accuracy in the iden- 

ification and grading of varices. However, concerns remain that 

he quality of examination may be adversely affected by the un- 

ontrolled and sometimes rapid transit of the capsule through the 

sophagus [20] . String capsule endoscopy was introduced to ad- 

ress this concern by providing control of capsule movement as 

ell as real-time visualization [21] . However, this technique is lim- 

ted by the inability to detach the string from the capsule. Thus, 

bservation of the fundus, one of the predilection sites of varices, 

s impossible and retrieval of the capsule from the esophagus 

auses discomfort. 

Magnetically controlled capsule endoscopy (MCCE), a novel 

odality, was developed and approved by the China Food and 

rug Administration in 2013. [22] . Our previous studies initially 

emonstrated that MCCE was comparable in accuracy to EGD for 

astric examination [22 , 23] . Furthermore, it has several strengths 

ncluding non-invasiveness, no sedation requirement, and easy op- 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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ration [22 , 23] . We have since combined an innovative detach- 

ble string system with the MCCE (detachable string magnetically 

ontrolled capsule endoscopy (DS-MCCE)) and carried out a pi- 

ot study showing that DS-MCCE was safe and feasible both in 

ealthy volunteers and patients with suspected esophageal dis- 

ase [24] . Moreover, successful detachment of the capsule from 

he string avoids the discomfort of retrieving the entire capsule 

rom the mouth and allows subsequent investigation of the gastric 

ardia and fundus. To our knowledge, the diagnostic accuracy of 

RV, comfort and safety of DS-MCCE in patients with cACLD have 

ot been explored in a large-scale trial. This prospective, multicen- 

er study aimed to assess the accuracy, patient’s satisfaction, and 

afety of DS-MCCE for detecting HRV in well-characterized patients 

ith cACLD. 

ethods 

tudy design and participants 

This study (CHESS1801 trial) was a multicenter blinded compar- 

son trial (ClinicalTrials.gov identifier: NCT03749954), in which we 

rospectively recruited well-defined participants with cACLD from 

2 university hospitals (11 in China and one in the United King- 

om) between November 2018 and December 2019. Inclusion cri- 

eria were: 1) clinically evident or biopsy-confirmed cACLD; 2) a 

chedule to undergo an EGD; 3) age between 18 and 75 years; 4) 

 life expectancy of at least 24 months without liver transplanta- 

ion; 5) Model for End Stage Liver Disease score of 29 or less; 6) 

ritten informed consent. Participants with any contraindications 

o MCCE were excluded [22] . The study protocol conformed to the 

thical guidelines of the Declaration of Helsinki, and was approved 

y the institutional review board of all institutions. 

rocedure 

The DS-MCCE system (Ankon Technologies Co, Ltd, Wuhan, 

hina) consists of a thin latex sleeve attached to a hollow string, an 

ndoscopic capsule, a magnetic guidance robot with five-degree- 

f-freedom (two rotational and three translational) robotic arm, 

 data recorder, and a computer workstation with the NaviCam 

R ©
agnetic capsule guidance software for real-time viewing and con- 

rol. The string is 80 cm in length, attached to the sleeve on the 

audal end of the capsule, and a sterile syringe for single use. The 

apsule is 27 mm in length and 11 • 8 mm in diameter, with a per-

anent magnet inside its dome and a camera at one end (Figure 

1A). It is partially enclosed within the sleeve and can be sepa- 

ated from the string system by using the syringe to inject air into 

he hollow string after exploring the whole esophagus. Images are 

aptured at a rate of two frames per second. The angle of view is 

p to 140 degree. A CMOS image sensor is used in DS-MCCE. The 

ED light exposure time and signal gain of CMOS sensor are au- 

omatically adjusted by measuring the histogram of the image to 

ptimize brightness and contrast of the images. The operator uses 

wo joysticks to control capsule movement by varying the strength 

f the magnetic field (by altering the distance of the magnet from 

he patient) and the polarity of the magnet (Figure S1B). Recording 

nd downloading data are similar to other capsule endoscopies. 

An overnight fast ( > 8 h) was needed before the DS-MCCE ex- 

mination. At 30 min before examination, study participants in- 

ested 2 • 5 g of dimethicone powder (Honghe Medicine, Zigong, 

hina) dissolved in 50 mL of water or 400 mg of simethicone sus- 

ension (Espumisan, Berlin-Chemie, Germany) dissolved in 50 mL 

f water as a defoaming agent, followed by 50 0–10 0 0 mL of wa-

er to fill the stomach cavity to provide a better view. Participants 

ere positioned in the left lateral decubitus and swallowed the 
3 
apsules with a small amount of water. The capsule was permit- 

ed to move passively as far as the cardia, from where the string 

as slowly pulled up to inspect the esophagus in real time. Re- 

ions of interest could be observed repeatedly. When the capsule 

eached the stomach after the esophageal observation, the string 

ould be detached from the capsule by injecting 5–10 mL of air 

sing the syringe. The string was then removed from the mouth 

nd discarded. The capsule was controlled magnetically to observe 

he whole stomach surface area. A common protocol involved ob- 

ervation in the order of the fundus, cardiac regions, body, angu- 

us, antrum, and pylorus, with the patients’ body position changing 

rom left lateral, supine to right lateral [22] . Meanwhile, water in- 

estion was repeated if there was insufficient gastric distention. All 

articipants were followed during two weeks to check for capsule 

xcretion and for any adverse events. DS-MCCE was performed by 

 dedicated operator at each center. All operators had been trained 

n a standardized manner before the enrollment. 

EGD examinations were performed by experienced endoscopists 

sing conventional standard forward-viewing upper gastrointesti- 

al video endoscopes at individual centers and were blinded to the 

S-MCCE findings. EGD was performed within a week of capsule 

ngestion, either without or with sedation according to the stan- 

ard procedure of the center and to the preference of the patient. 

ll major findings were recorded on digital pictures and then re- 

orted as the EGD results. 

Conventional non-invasive models including image-based in- 

exes including portal venous velocity, portal diameter, liver stiff- 

ess (LS), and LS-spleen size-to-platelet ratio score (LSPS), [13] and 

erum-based parameters including serum aspartate aminotrans- 

erase to alanine aminotransferase ratio (AAR), [6] aspartate amino- 

ransferase to and platelet count ratio index (APRI), [7] fibrosis in- 

ex based on four factors (FIB-4), [8] Fibrosis Index, [9] gamma 

lutamyl trans-peptidase to platelet count ratio (GPR), [10] King’s 

core, [11] and Lok score [12] were collected. LS was measured by 

ransient elastography (FibroScan, Echosens, France; or FibroTouch, 

isky, China). Portal diameter, portal venous velocity, and spleen 

ize were measured with Doppler ultrasound. Calculation formulas 

or LSPS, AAR, APRI, FIB-4, Fibrosis Index, GPR, King’s score, and 

ok score were summarized in Table S1. 

utcomes 

The primary outcome was the diagnostic performance of DS- 

CCE for HRV, identified by either large varices (varices size > 

 mm) or small varices with presence of red signs according to 

he Baveno VI consensus [25] . In this study, EGD served as the 

old standard for HRV. Two independent experienced interpreters, 

linded to the patients’ EGD results, reviewed the coded images 

f all participants captured by DS-MCCE and rendered their opin- 

ons as to whether the patients had evidence of HRV. When there 

as a disagreement, a decision was made by a third independent 

eader. As for EGD results, saved pictures of all participants were 

ransferred to two independent and experienced endoscopists who 

ere blinded to each patient’s history for evaluation. In the event 

f discordant judgements, the opinion of a third independent in- 

erpreter was sought. 

The secondary outcomes included patients’ satisfaction and 

afety of DS-MCCE. A satisfaction questionnaire (Appendix) regard- 

ng patients’ preoperative perception and postoperative satisfaction 

as developed referring to a previous research [15] . The question- 

aire was submitted to a panel comprising three professionals with 

xpertise in gastroenterology, outcome measurement or psychol- 

gy for evaluation before the questionnaire was put into the trial. 

articipants were asked to fill in a satisfaction questionnaire after 

ach procedure (DS-MCCE and EGD). The questionnaire consisted 
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Fig. 1. Flowchart of study enrollment. 

DS-MCCE, detachable string magnetically controlled capsule endoscopy; EGD, 

esophagogastroduodenoscopy. 

Table 1 

Baseline characteristics of participants. 

Participants ( n = 105) 

Age (year), mean (SD) 50 • 80 (11 • 11) 

Male, n (%) 80 (76) 

Etiology, n (%) 

Hepatitis B infection 66 (63) 

Alcoholic liver disease 10 (10) 

Primary biliary cirrhosis 9 (9) 

Hepatitis C infection 3 (3) 

Autoimmune 2 (2) 

Non-alcoholic steatohepatitis 2 (2) 

Other 13 (12) 

Child-Pugh Class, n (%) 

Class A 95 (90) 

Class B 10 (10) 

Laboratory tests, median (IQR) 

Platelet count (10 9 /L) 99 • 00 (78 • 50) 

Alanine aminotransferase (U/L) 28 • 00 (24 • 55) 

Aspartate aminotransferase (U/L) 31 • 00 (21 • 83) 

Gamma-glutamyl transpeptidase (U/L) 44 • 00 (79 • 85) 

Albumin (g/L) 39 • 60 (6 • 95) 

Total bilirubin ( μmol/L) 18 • 80 (12 • 39) 

Prothrombin time (s) 13 • 50 (2 • 73) 

International normalized ratio 1 • 10 (0 • 17) 

Percentages in some categories may not add up to 100% due to 

rounding. SD, standard deviation; IQR, interquartile range. 

0

l

0  

0  

s

s  

(

0  

(  

A

e

c

d  

s

o

f  

[  

M  

w  
f 11 questions with total score ranged from 0 (poor) to 41 (excel- 

ent). 

tatistical analysis 

The sample size calculation was based on a reported sensitiv- 

ty, specificity, and prevalence of HRV in capsule endoscopy of 78%, 

6%, and 27%, respectively [15] . A sample size of 101 participants 

as calculated by PASS (version 11 • 0, NCSS, 2012) to be required 

o provide a power of 90% at a statistic significance level of 0 • 05,

llowing for a 5% dropout rate. 

Categorical data were expressed as numbers (percentages), and 

ontinuous variables were expressed as mean (standard deviation) 

r median (interquartile range). With EGD as the reference stan- 

ard, the diagnostic performance for detecting HRV of DS-MCCE 

as assessed by concordance index (C-index), sensitivity, speci- 

city, positive predictive value (PPV), negative predictive value 

NPV), positive likelihood ratio ( + LR), and negative likelihood ra- 

io (-LR). The beyond-chance agreement also known as the kappa 

core, between the DS-MCCE and the EGD was also calculated. 

appa values between 0 • 40 and 0 • 60 were considered of moderate 

greement whereas values between 0 • 60 and 0 • 80 were substantial 

26] . Diagnostic performance of other conventional non-invasive 

odels were compared using the area under the receiver operat- 

ng characteristic curve (AUC), sensitivity, specificity, PPV, and NPV. 

omparison of satisfaction and safety between DS-MCCE and EGD 

as tested using a student’s t -test on paired data. A p value of <

 • 05 was considered significant. An effect size (d value) > 0 • 80 was

onsidered high effect. All statistical calculations were performed 

ith R language (version 3 • 6 • 2, R Core Team, 2019). 

ole of the funding source 

The funders had no role in study design; the collection, analysis, 

nd interpretation of data; writing of the report; or the decision to 

ubmit for publication. The corresponding author had full access to 

ll of the data and the final responsibility to submit for publication. 

esults 

Between November 9, 2018, and December 20, 2019, a total of 

13 consecutive eligible participants with well-characterized cA- 

LD from 12 university hospitals in China and the United Kingdom 

ere involved in this prospective trial. Among them, two partic- 

pants were excluded because of failure to swallow the capsule. 

n addition, six were excluded during evaluation due to insuffi- 

ient recordings of EGD ( n = 5) and DS-MCCE ( n = 1). Therefore,

05 eligible participants were enrolled in the final analysis ( Fig. 1 ). 

he most common cause of cACLD was hepatitis B virus infection 

66, 63%). Baseline characteristics of the enrolled participants were 

ummarized in Table 1 . 

DS-MCCE operation procedure and representatives of high-risk 

nd low-risk varices inspected by DS-MCCE and EGD were illus- 

rated in Fig. 2 . EGD detected HRV in 36 (34%) patients and DS-

CCE identified HRV in 33 (31%) of these. In eight cases, the di- 

gnosis of HRV by the DS-MCCE was not confirmed by EGD. The 

-index, sensitivity, specificity, PPV, NPV, + LR, -LR of DS-MCCE for 

etection of HRV were 0 • 90 (95% confidence interval [CI]: 0 • 83–

 • 95), 92% (95% CI: 78 −98%), 88% (95% CI: 78 −95%), 80% (95% CI:

0 −92%), 95% (95% CI: 90 −100%), 7 • 91 (95% CI: 4 • 10–15 • 30), and

 • 09 (95% CI: 0 • 03–0 • 30), respectively. The kappa score between

GD and DS-MCCE on HRV diagnosis was 0 • 78 (95% CI: 0 • 65–0 • 90),

emonstrating a substantial agreement. 

Compared to conventional non-invasive tools, DS-MCCE showed 

he best diagnostic performance with an AUC of 0 • 90 (95% CI: 
4 
 • 83–0 • 95). As for the image-based indexes including portal ve- 

ocity, LSPS, portal diameter and LS, the AUCs were 0 • 74 (95% CI: 

 • 59–0 • 88), 0 • 73 (95% CI: 0 • 61–0 • 86), 0 • 64 (95% CI: 0 • 52–0 • 77),

 • 59 (95% CI: 0 • 45–0 • 72), respectively ( Fig. 3 A). The AUCs of the

erum-based parameters, FIB-4, Fibrosis index, Lok score, King’s 

core, APRI, AAR, and GPR were 0 • 77 (95% CI: 0 • 67–0 • 86), 0 • 73

95% CI: 0 • 63–0 • 83), 0 • 73 (95% CI: 0 • 63–0 • 83), 0 • 70 (95% CI: 0 • 59–

 • 80), 0 • 67 (95% CI: 0 • 56–0 • 77), 0 • 63 (95% CI: 0 • 53–0 • 74), and 0 • 56

95% CI: 0 • 44–0 • 67), respectively ( Fig. 3 B). Table 2 presented the

UCs, sensitivity, specificity, PPV and NPV of all non-invasive mod- 

ls for identifying HRV. 

Ninety-nine participants’ questionnaires were collected. We 

lassified the participants as those undergoing EGD without se- 

ation ( n = 89, 90%) or with sedation ( n = 10, 10%). Calculation

uggested that DS-MCCE fared significantly better than EGD with- 

ut sedation for the satisfaction of the participants (average satis- 

action score: 33 • 99 (4 • 23) vs. 27 • 84 (5 • 50), p < 0 • 0 0 01, d = 1 • 15

95%CI: 0 • 88–1 • 42]) ( Fig. 4 A). The respective average scores of DS-

CCE and EGD with sedation were 33 • 80 (3 • 88) and 31 • 80 (4 • 66),

hich showed no significant difference ( p = 0 • 42, Fig. 4 B). All par-
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Fig. 2. Examination procedure and representative examples of detachable string magnetically controlled capsule endoscopy and esophagogastroduodenoscopy. 

I. A thin and hollow string was attached on the capsule to allow the observation of esophagus by controlling the string. II. The capsule was released from the string after 

inspecting esophagus. III. The capsule was controlled to observe the stomach by the guidance of magnet robot. DS-MCCE, detachable string magnetically controlled capsule 

endoscopy; EGD, esophagogastroduodenoscopy. 

Fig. 3. Diagnostic performance of detachable string magnetically controlled capsule endoscopy and other non-invasive tools. 

A, Receiver operating characteristic curves of detachable string magnetically controlled capsule endoscopy (DS-MCCE) and image-based indexes; AUC, area under receiver 

operating characteristic curve; LSPS, liver stiffness-spleen size-to-platelet ratio score. B, Receiver operating characteristic curves of DS-MCCE and serum-based indexes. FIB-4, 

fibrosis index based on four factors; APRI, aspartate aminotransferase to platelet count ratio index; AAR, aspartate aminotransferase to alanine aminotransferase ratio; GPR, 

gamma glutamyl trans-peptidase to platelet count ratio. 
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icipants confirmed excretion of the capsule and no adverse events 

ccurred during the two-week’s follow-up. 

iscussion 

GEV comprises one of the most serious complications of portal 

ypertension in cACLD. Endoscopic screening of patients with cA- 

LD to assess GEV is now recommended [1-3] . However, in view of 

he invasiveness and poor tolerance of EGD, non-invasive tools for 
5 
RV detection have been highlighted in recent years. This prospec- 

ive blinded study showed that DS-MCCE was an accurate, com- 

ortable, and safe, non-invasive method for inspecting HRV. It was 

ossible to enroll a substantial population of patients with cACLD, 

he characteristics of whom were representative of patients with 

arly cirrhosis needing endoscopic screening in routine practice. 

In deciding whether the DS-MCCE is a valid alternative to 

creening EGD for patients with cACLD, three issues should be con- 

idered: diagnostic performance, patients’ satisfaction, and safety. 
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Table 2 

Diagnostic performance of DS-MCCE and other non-invasive tools for high-risk varices. 

AUC (95%CI) Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI) 

DS-MCCE 0 • 90 (0 • 83–0 • 95) 92% (78 −98%) 88% (78 −95%) 80% (70 −92%) 95% (90 −100%) 

FIB-4 0 • 77 (0 • 67–0 • 86) 69% (56 −83%) 75% (64 −85%) 60% (50 −71%) 82% (75 −90%) 

Portal vein velocity, cm/s 0 • 74 (0 • 59–0 • 88) 81% (62 −95%) 64% (45 −79%) 59% (48 −72%) 84% (72 −96%) 

LSPS 0 • 73 (0 • 61–0 • 86) 77% (59 −91%) 66% (50 −82%) 57% (45 −71%) 83% (72 −94%) 

Fibrosis index 0 • 73 (0 • 63–0 • 83) 83% (69 −94%) 61% (49 −73%) 54% (46 −62%) 87% (79 −95%) 

Lok score 0 • 73 (0 • 63–0 • 83) 92% (81 −100%) 53% (40 −67%) 54% (46 −62%) 91% (82 −100%) 

King’s score 0 • 70 (0 • 59–0 • 80) 92% (81 −100%) 48% (35 −62%) 52% (45 −59%) 91% (80 −100%) 

APRI 0 • 67 (0 • 56–0 • 77) 56% (39 −72%) 73% (63 −84%) 53% (41 −67%) 75% (69 −83%) 

Portal diameter, mm 0 • 64 (0 • 52–0 • 77) 79% (66 −93%) 49% (34 −64%) 49% (41 −58%) 79% (67 −92%) 

AAR 0 • 63 (0 • 53–0 • 74) 86% (75 −97%) 48% (36 −60%) 47% (41 −54%) 86% (76 −97%) 

LS, kpa 0 • 59 (0 • 45–0 • 72) 68% (50 −86%) 57% (45 −72%) 49% (38 −60%) 75% (64 −86%) 

GPR 0 • 56 (0 • 44–0 • 67) 83% (72 −94%) 31% (20 −42%) 40% (35 −46%) 77% (62 −92%) 

CI, confidence interval; AUC, the area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative 

predictive value; DS-MCCE, detachable string magnetically controlled capsule endoscopy; FIB-4, fibrosis index based on 4 factors; 

LSPS, liver stiffness-spleen size-to-platelet ratio score; APRI, aspartate aminotransferase to platelet count ratio index; AAR, aspartate 

aminotransferase to alanine aminotransferase ratio; LS, liver stiffness; GPR, gamma-glutamyl transpeptidase to platelet count ratio. 

Fig. 4. Comparison of patients’ satisfaction score of detachable string magnetically controlled capsule endoscopy and esophagogastroduodenoscopy. 

A, Boxplot of patients’ satisfaction score of DS-MCCE and EGD without sedation ( n = 89). B, Boxplot of patients’ satisfaction score of DS-MCCE and EGD with sedation 

( n = 10). DS-MCCE, detachable string magnetically controlled capsule endoscopy; EGD, esophagogastroduodenoscopy. Satisfaction score was tested using a student’s t -test on 

paired data. 
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s expected, the DS-MCCE showed a good performance for HRV 

etection with a C-index of 0 • 90, and a substantial overall agree- 

ent with EGD with a kappa score of 0 • 78. With EGD as the refer-

nce standard, the results showed eleven (10%) patients were mis- 

lassified, of whom only three (3%) had a missed diagnosis of HRV. 

 low false negative value means that suitable patients were rarely 

enied the opportunity of being offered primary prevention ther- 

py for variceal hemorrhage. During EGD, air insufflation will in- 

rease the volume of the oesophageal lumen relative to the varices 

nd perhaps make them appear smaller than is evident during DS- 

CCE. 

The present study evaluated several non-invasive modalities for 

dentifying HRV in cACLD. Among them, the LSPS algorithm was 

he most validated non-invasive surrogate measurement of EGD to 

dentify HRV in cirrhosis with an AUC of 0 • 95 (95% CI: 0 • 93–0 • 97)

n hepatitis B cirrhosis [13] . However, the diagnostic accuracy of 

SPS for HRV was moderate in our study with an AUC of 0 • 73 (95%

I: 0 • 61–0 • 86). The wider range of etiology of cACLD might explain

his discrepancy. With evolved higher number of centers, we again 
6 
alidated that the performance of FIB-4, Fibrosis index, Lok score, 

ing’s score were just fair and performance of AAR, APRI for as- 

essing GEV were insufficient, as previous researches demonstrated 

27] . In addition, GPR, which was originally proposed as a predic- 

or for fibrosis stage in patients with chronic hepatitis B virus in- 

ection in west Africa, [10] did not perform well in diagnosing HRV 

ith an AUC of 0 • 56 (95% CI: 0 • 44–0 • 67). This still requires fur-

her studies to confirm. Overall, direct, real-time visualization and 

ssessment of varices by DS-MCCE outperformed reported image- 

ased parameters and serum-based scores in terms of accuracy. 

Compared with previous research grading GEV by capsule en- 

oscopy, in the largest study to date, de Franchis et al. reported 

 sensitivity of 78% and specificity of 96% for detecting HRV [15] . 

ther studies have reported a wide range of sensitivity (63 −92%) 

nd specificity (82 −96%) for the detection of HRV [16-19] . How- 

ver, no previous study demonstrated the diagnostic performance 

f capsule endoscopy for HRV in well-characterized patients with 

ACLD. The high sensitivity (92%) and specificity (88%) of our study 

or HRV suggested that DS-MCCE, in its current form, performed 
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[  
ell in this purpose. In addition, the patients’ satisfaction for DS- 

CCE was significantly better than that for EGD without sedation. 

S-MCCE appeared to be a safe procedure since no adverse events 

ccurred during follow-up. Moreover, DS-MCCE was safe for pa- 

ients with dysphagia, as our previous study demonstrated the fea- 

ibility of pulling the capsule out if necessary [24] . Taken together, 

ur results suggest that DS-MCCE used to detect varices was safe 

nd associated with high patient satisfaction. 

To the best of our knowledge, this is the first study to evaluate 

he DS-MCCE in assessing GEV in cACLD. The string allowed con- 

rollable movement of the capsule to observe regions of interest 

arefully and thoroughly. The examination scope of this technique 

atched that of EGD, making DS-MCCE a potential alternative to 

GD especially for patients with contraindications to EGD or for 

hose who refuse to undergo the procedure. More importantly, DS- 

CCE could be performed under the direct supervision of the en- 

oscopist from a computer workstation in an adjacent but separate 

oom via real-time voice communication. As the COVID-19 con- 

inues to spread throughout the world, non-contact DS-MCCE can 

inimize risk of cross-infection and protect health-care providers 

etter [28] . 

There are still some limitations. Firstly, DS-MCCE is not appro- 

riate for patients with any contradictions to magnetic resonance 

maging [22] . Secondly, the current cost of DS-MCCE is slightly 

igher than EGD but the cost will be decreased when it is widely 

sed in the near future. Meanwhile, DS-MCCE takes longer than 

tandard EGD. The median times of DS-MCCE for esophagus and 

tomach examinations were 6 • 2 and 14 • 3 min, respectively [29] .

t should be noted that poor patient tolerance of EGD is likely to 

ontribute to more rapid examinations, yet we know that proce- 

ures of less than seven minutes duration have half the diagnos- 

ic yield of high-risk lesions than longer procedures [30] . There- 

ore, a longer mean DS-MCCE examination time compared to EGD 

ight be advantageous. Furthermore, the patient satisfaction ques- 

ionnaire has not been validated. However, the questionnaire was 

ased on one previously developed for use in assessing experience 

f esophageal capsule endoscopy and evaluated following the input 

f a panel of professionals from relevant disciplines. In addition, as 

S-MCCE is a non-invasive procedure, biopsy or treatment of HRV 

s not possible such that a subsequent EGD is necessary for pa- 

ients who need endoscopic intervention. A larger multicenter co- 

ort (e.g. NCT03748563) is needed to further validate the accuracy 

f the DS-MCCE for HRV as well as portal hypertensive gastropathy. 

In conclusion, DS-MCCE was an accurate, safe alternative to EGD 

or detecting HRV in patients with cACLD. In addition, DS-MCCE 

as better tolerated and thus may be indicated for those unwilling 

r unable to undergo EGD screening for HRV. 
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