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Cholangioscopy-guided lithotripsy vs. conventional therapy for
complex bile duct stones: a systematic review and meta-analysis

Litotripsia guiada por colangioscopia vs. terapias convencionais no tratamento da litiase biliar complexa:
Revisdo sistemdtica e metanalise.
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ABSTRACT - Introduction: Endoscopic removal of common bile duct stones has a high success rate ranging

. - S . ntral m
from 85% to 95%. Bile duct stones >15 mm are difficult and frequently require lithotripsy. Peroral Celibel et

cholangioscopy (POC) allows lithotripsy with similar success rates. Aim: To determine the efficacy and Peroral cholangioscopy (POC) guided lithotripsy
safety of cholangioscopy-guided lithotripsy used in the treatment of difficult to remove bile duct stones should primarily be used in cases when the
vs. conventional therapy. Methods: Search was based in Medline, Embase, Cochrane Central, Lilacs/Bireme. conventional technique failed to initially remove
Studies enrolling patients referred for the removal of difficult bile duct stones via POC were considered stones within the common bile duct.

eligible. Two analyses were carried out separately, one included randomized controlled trials (RCTs) and
another observational studies. Results: Forty-six studies were selected (3 RTC and 43 observational). In the
analysis there was no statistical significant difference between successful endoscopic clearance (RD=-0.02 Perspective
Cl:-0.17, 0.12/1*=0%), mean fluoroscopy time (MD=-0.14 Cl -1.60, 1.32/1*>=21%) and adverse events rates .
(RD=-0.06 CI: -0.14, 0.02/1>=0%), by contrast, the mean procedure time favored conventional therapy In terms of therapeutic success, mean fluoroscopy
with statistical significance (MD=27.89 Cl: 16.68, 39.10/>=0%). In observational studies, the successful time and adverse event rate there was no
endoscopic clearance rate was 88.29% (CI95: 86.9%-90.7%), the first session successful endoscopic statistical difference in the comparison between
clearance rate was 72.7 % (C195: 69.9%-75.3%), the mean procedure time was 47.50+6 min for session POC and standard ERCP endoscopic methods
and the number of sessions to clear bile duct was 1.5+0.18. The adverse event rate was 8.7% (CI95: in the management of difficult bile duct stones.
7%-10.9%). Conclusions: For complex common bile duct stones, cholangioscopy-guided lithotripsy has Conventional ERCP therapies were associated with
a success rate that is similar to traditional ERCP techniques in terms of therapeutic success, adverse event less procedural time. In patients who had a prior
rate and means fluoroscopy time. Conventional ERCP methods have a shorter mean procedure time. ERCP with failure to remove stones, our analysis

HEADINGS - Endoscopic retrograde cholangiopancreatography. ERCP. Lithotripsy.Choledocholithiasis. verified the benefit of cholangioscopy in the
Systematic review. Meta-analysis. therapeutic success for the clearance of stones in the

common bile duct.

RESUMO - Introdugdo: A remocdo endoscopica das litiases do ducto biliar comum tem alta taxa de
sucesso variando de 85% a 95%. Litiases do ducto biliar >15 mm sdo dificeis e frequentemente
requerem litotripsia. A colangioscopia peroral permite litotripsia com taxas de sucesso semelhantes.
Objetivo: Determinar a eficacia e seguranga da litotripsia guiada por colangioscopia no tratamento de
litiases biliares dificeis em comparagéo a terapias convencionais guiadas por colangiopancreatografia
retrograda endoscopica. Método: Pesquisa na Medline, Embase, Cochrane Central, Lilacs/Bireme de
estudos avaliando a eficacia da colangioscopia na remocdo de célculos biliares dificeis. Duas analises
foram realizadas separadamente, uma incluiu ensaios clinicos randomizados (ECR) e outros estudos
observacionais. Resultados: Quarenta e seis estudos foram selecionados (3 ECR e 43 observacionais).
Na andlise, ndo houve diferenga estatisticamente significativa na taxa de extragdo litiasica total (RD=-
0,02 1C: -0,17,0,12/1°=0%), tempo médio de fluoroscopia (MD=-0,14 Cl -1,60, 1,32/1°=21%) e na taxa
de eventos adversos (RD=-0,06 IC: -0,14, 0,02/1>=0%).Por outro lado, o tempo médio do procedimento
favoreceu terapéuticas convencionais guiadas por CPRE com significancia estatistica (MD=27,89 IC: 16,68,
39,10/1=0%). Nos estudos observacionais, a taxa do tratamento completo por endoscopia foi de 88,29%
(IC95: 86,9% a 90,7%), a taxa de sucesso na primeira sessao foi de 72,7% (IC95: 69,9% a 75,3%), o tempo
médio do procedimento foi de 47,5046 min por sessdo e o nimero de procedimentos necessarios para
remocdo total da litiase foi de 1,5+0,18. A taxa de eventos adversos foi de 8,7% (IC95: 7% a 10,9%),
com 0,5% considerado como severo. Conclusdo: Para litiases biliares dificeis, a litotripsia guiada por
colangioscopia tem taxa de sucesso semelhante as terapéuticas convencionais guiadas CPRE em termos
de sucesso terapéutico, taxa de eventos adversos e tempo de fluoroscopia. As terapéuticas convencionais
guiadas por CPRE tém tempo médio de procedimento menor.

DESCRITORES - Colangiopancreatografia retrograda endoscépica. CPRE. Litotripsia. Coledocolitiase. Revisdo
sistematica. Metanalise.
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REVIEW ARTICLE

INTRODUCTION

that evaluates the use of peroral therapeutic

cholangioscopy in the management of in difficult
bile duct stones and is the first in the literature to include and
perform meta-analyzis of randomized clinical trials. This is also
the first systematic review to include randomized controlled
trials (RCTs) comparing peroral cholangioscopy (POC) vs.
conventional endoscopic retrograde cholangiopancreatography
(ERCP) therapies used in the management of difficult bile
duct stones

Approximately 85-95% of gallstones in the bile duct
can be managed with ERCP techniques, such as performing a
sphincterotomy or using papillary balloon dilatation, extractor
balloon, basket or mechanical lithotripter®. Although successful
most of the time, certain cases of biliary lithiasis are difficult
orimpossible to manage with conventional techniques with a
failure rate as high as 10-15% reported in some studies'#>2576165,

Over the last decade, technological advances have
made POC a more accessible alternative technique that can
be used in the management of complex bile duct stones,
especially after failure of the initial ERCP. Classically, there are
three types of cholangioscopy: cholangioscopic dual operator
system ("mother-daughter” system); direct with an ultra-thin
endoscope (ultraslim endoscope); and the cholangioscopic
system with a single operator catheter (peroral acronym
cholangioscopy, POC)*.

POC was most recently developed and has been extensively
studied and marketed. However, the actual efficacy and
adequate indication for it in the management of difficult bile
duct stones is not yet clear. Systematic reviews have been
published on the subject; however, there was not include all
the RTCs available in the literature and when performed the
meta-analysis they unified RTCs and observational studies,
which diminishes the strength of the evidence.

The primary objective of this systematic review and
meta-analysis is to compare the therapeutic success of POC
and standard ERCP endoscopic methods in the management
of difficult bile duct stones. Secondary objectives include
comparing the overall adverse event rate, mean procedure
time and the mean fluoroscopy time of these techniques in
the management of difficult bile duct stones.

METHODS

This is a systematic review with a meta-analysis

This study was approved by the Research Ethics Committee
of the University of Sdo Paulo, School of Medicine, Hospital das
Clinicas (registration number 239/19). It followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines*. It was registered in the international
PROSPERO database (number CRD42018109952).

Definitions

The definition of complex bile duct stones included factors
such as stone size (greater than 15 mm), disproportion of the
stone within the common distal bile duct, patients with altered
gastrointestinal anatomy, biliary strictures, multiple stones,
barrel-shaped stones and difficult access sites (intrahepatic
lithiasis, Mirizzi | syndrome). Therapeutic success was defined
as complete removal of the stone of the common bile duct
and clearance of the same.

Search strategy

We searched in Medline (Pubmed), Embase, Cochrane
Central and Lilacs/Bireme (until February 2019) for the
studies and assessed the efficacy of POC for the removal
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of complex biliary stones. The terms used in Medline were:
(choledocholithiasis OR stone* OR calculus OR lithiasis OR
calculi) AND (cholangiopancreatoscopy OR choledochoscopy OR
pancreatocholangioscopy OR cholangioscopic OR lithotrips*).
Simpler search strategies were used for Embase, Cochrane
Central, and Lilacs/Bireme databases. The search was restricted
to human studies with no language or date of publication
restriction in peer-reviewed journals. Two authors (FG and IBR)
independently screened each of the potential manuscript and
abstracts titles in the primary search to exclude studies that
did not address the research question of interest, based on
pre-specified inclusion and exclusion criteria. The full texts of
the remaining articles were examined to determine whether
they contained relevantinformation. Areas of disagreement or
uncertainty in article selection were resolved by consensus and
in discussion with a coauthor (EGHM). Conference proceedings,
which did not undergo peer-review, were excluded from our
analysis. We attempted to contact the corresponding authors
to provide additional information on trials if required.

Eligibility

RCTs, observational cohort studies and case series which
met inclusion criteria were considered eligible. Conference
abstracts were also included if they met the eligibility criteria
listed below. The eligibility criteria were based on study
participants, intervention type, comparison type, and outcomes
(PICO): (P) participants: patients with complex bile duct stones;
(I) intervention types: cholangioscopy-guided laser lithotripsy
(LL) or electrohydraulic lithotripsy (EHL); (C) comparison types:
conventional therapy; and (O) outcomes measures: successful
stone clearance, adverse event rate, mean procedure time, mean
fluoroscopy time, successful stone clearance after one attempt,
and the total number of sessions necessary to extract biliary
stones of POC in the management of difficult bile duct stones.
Exclusion criteria were: case reports, reviews, letter to authors
or editors, animal studies, studies evaluating pancreatoscopy,
studies with patients with malignant pancreatobiliary disease,
surgical and/or anatomical alterations of the gastrointestinal
or biliopancreatic tract and studies evaluating percutaneous
cholangioscopy.

Data extraction and quality assessment

We conducted the analysis in two different forms: the first
one using only randomized trials, for comparative analysis; and
the second with observational studies, for non-comparative
analysis. Each study was analyzed for: publication year; study
design (RCT, prospective or retrospective); setting (single
center or multicenter); type of cholangioscopy; sample size;
intervention (LL or EHL); comparison (conventional therapy),
endoscopic stone clearance, adverse events; mean procedure
time and mean fluoroscopy time.

For observational studies additional data included the
following: first session success rate and number of sessions to
clear the bile duct. This data was extracted and documented on
astandardized data form by at least two authors independently
(FG, VOB).

The quality of each clinical trial was classified according
to the risk for bias and based upon: the question to be
investigated, the use of a correct randomization protocol,
an adequate subject allocation, the importance of blinding,
patient losses in each study, each prognostic factor, outcome
reporting and analysis by intention to treat or by protocol®.
In addition, the Jadad scale was used to independently
assess the methodological quality of each clinical trial®®. The
quality of the evidence of the included studies was evaluated
according to GRADE standards using the GRADEpro Guideline
Development Tool software?'.

Statistical analysis
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Absolute numbers, mean and standard deviations
were used for quantitative data analysis. For studies that
did not determine standard deviations, the standard error
and confidence interval were estimated using mathematical
formulas™.

Comprehensive Meta-Analysis (Englewood, NJ) and
Review Manager version 5.3.5 (RevMan 5.3—The Cochrane
Collaboration, The Nordic Cochrane Centre, Copenhagen,
Denmark) were used to conduct the meta-analysis and
develop the forest plot graphs. For continuous variables, the
mean difference between the groups was calculated using the
mean, standard deviation, and sample size of each group. For
dichotomous variables, the risk difference was determined
by calculating the number of events and sample size of each
group. Heterogeneity was evaluated using the chi-square
test (x%) and funnel plot analysis was performed to identify
outlying studies. Heterogeneity values of greater than 50%
were considered high. In cases in which it was impossible to
correct the heterogeneity by excluding the outlier, a fixed
analysis model was changed to a random model.

Additional analyses

In order to compare the two types of cholangioscopic
lithotripsy, a subgroup analysis in observational studies using
only cholangioscopy was performed comparing LL and EHL
successful stone clearance means in the complete removal
of complex bile duct stones. The mean effect measure was
calculated for the subgroups of EHL vs. LL, considering the
mean of each study with the size of its sample. The total means
were then compared using Student’s t-test.

RESULTS

A total of 16,189 records were identified in the initial
search. After removal of duplicates, 13,389 records were
reviewed. After title/abstract assessment, 149 articles were
selected for full evaluation. After individual review, 46 studies
satisfied the inclusion and exclusion criteria and were included
within the study (Figure 1).

Among the 46 studies selected for the quantitative analysis,
three of them were RCTs*'%'8and the others were observational
studies!-35-9.11,12.16,17,23-25.27,29,30,32,34,35,37-40,42,43,46-48,50,51,53,55,56-60,63,66,68-70,73.

We conducted the analysis in two different forms:
the first one using only randomized trials, for comparative
analysis; and the second with observational studies, for non-
comparative analysis. Figure 2 A-B shows the detailed bias and

quality analysis of the randomized trials. In short, all studies
received a Jadad score of >3, indicating adequate study
quality. The quality of the obtained data of the randomized
trials was assessed using the GRADE methodology based on
the type of evaluated outcome (Figure 3). Details of the risk
of bias and quality assessment of the observational studies
are shown in Figure 4.

—
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FIGURE 1 - Flow diagram of the data extraction methodology

A Random sequence generation (selection bias) _ B
Allocation concealment (selection bias) _:l 2
Blinding of participants and personne (performance bias) -:,
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (atiion bias) _
Selective reporting (reporting bias) _
[——

Other bias

el (performance bias)

utcome data (strtion bias)

TEED
[Wich iskoftias |

9% 100%

Angsuwatcharakon 2019

&
®
Buaum 2017 | @
®

|:] Unclear risk of bias

~ | ® | @ |inding of paticip

l le Tisk of bias

Franzini 2017

FIGURE 2 - A) Summary of risk of bias of included RCT's; B)
summary of risk of bias of included RCT's

Endoscopic Stone clearance

. . X . 65/108 53/84 RR 1.08 50 fewer per 1.000 0oooo
a b c
3 RTC  Serious® Not Serious® Not serious  Serious None (602%) (631%) (088 to132) (from 80 more to 180 fewer) LOW
Adverse events
e . ] A 7/108 10/84 RR 0.50 60 more per 1.000(from 140 00oo
3 RTC  Serious Not serious  Not serious ~ Serious None (65%) (119%) (019 to 134) e e 20 i) LOW
Mean procedure time
a0 ; . Not MD 21.02 higher(10.7 higher to oooo
3 RTC Serious® Not serious Not serious T None 108 84 31.34 higher) MODERATE
Mean fluoroscopy time
3 RTC Serious® Not serious® Not serious Serious © None 108 84 MD 0.51 Iow?(1.67 oy o @Es 0aoo
igher) LOW

Cl=confidence interval; RR=risk ratio, MD=mean difference.

FIGURE 3 - Evaluation of evidence quality of included RCTs. GRADE system Explanations: A) lack of blinding in the trials: one of the
authors did not perform intention-to-treat analysis; B) wide heterogeneity between the studies, but explained; C) power

for randomized clinical trials <80 %.
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1. Were there clear criteria for inclusion in the case series?

2. Was the condition measured in a standard, reliable way for all participants included in the case series?
3. Were valid methods used for identification of the condition for all participants included in the case series?

4. Did the case series have consecutive inclusion of participants?

5. Did the case series have complete inclusion of participants?

6. Was there clear reporting of the demographics of the participants in the study?

7. Was there clear reporting of clinical information of the participants?

8. Were the outcomes or follow up results of cases clearly reported?

9. Was there clear reporting of the presenting site(s)/clinic(s) demographic information?
10. Was statistical analysis appropriate?

30 7
30 M
34 7
41 1
41 1
34 4
28 10
37 3
29 12
32 7

AN WOUILUTI = 2NN O

FIGURE 4 - Joanna Briggs Institute critical appraisal checklist for case series

SINGLE POC:42 : ERCP- POC:12/42 POC:4/42

BUXBAUM 2017 CENTER FSOC ERCP:18 POCLL CONVENT. ERCP:7/18  ERCP:2/18
SINGLE POC: 50 POC: 37/50  POC: 2/50

FRANZINI 2017 CENTER FSOC ERCP: 50 POC-ERL EPBD ERCP: 36/50  ERCP: 6/50
ANGSUWATCHA  SINGLE POC:16 POC:16/16 POC:1/16
RAKON 2019  CENTER DSOC ERCP: 16 POC-LL ML ERCP: 10/16  ERCP: 2/16

POC:120.7+40.5 POC:9.57+2.29
ERCP:81.2+49.3 ERCP:10.15+2.42
POC:72.3+3395 POC:10.85+6.95
ERCP:47.1£29.37 ERCP:9.73£6.61
POC: 66+28 POCS: 11+8
ERCP: 83+46 ERCP: 21+12

POC=peroral cholangioscopy; ERCP=endoscopy retrograde cholangiopancreatography; DSOC=digital single-operator cholangioscopy; FSOC=fiberoptic single-
operator cholangioscopy; POCS-LL=peroral cholangioscopy-guided lithotripsy; POCS-EHL=peroral cholangioscopy-guided electrohydraulic lithotripsy; ERCP-
CONVENTIONAL=ERCP-guided conventional therapy; EPBD=endoscopic papillary balloon dilation; ML=mechanical lithotripsy

FIGURE 5 - Characteristics of selected randomized controlled trials

POCS ERCP Risk Difference Risk Difference A
or S Events Total Events Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Angsuwatcharakon 2019 16 16 10 16 175% 038(0.13,062) — o R0
Buibaum 2017 12 42 7 18 276% -010(0.37,0.16)
Franzini 2017 37 50 36 50 548% 0.02(015,0.19)
Total (95% CI) 108 84 100.0% 0.05(.0.08,0.18)
Total events 65 53 _ X X P

Heterogeneity. Chi*= 8.23, df= 2 (P = 0.02), "= 76%

Testfor overall effect Z= 0.74 (P = 0.46) e

o1

POCS ERCP Risk Difference Risk Difference
Events _Total Events Total M.H. Fixed, 95% CI M-H. Fixed, 95% CI
Angsuwatcharakon 2019 16 186 10 16 00% 038(0.13,062)

Buxbaum 2017 12 42 7 18 335% -0.10(037.0.16) i
Franzini 2017 37 50 38 50 665% 0020015.019)

Total (95% C1) 2 68 100.0% -0.02[-0.17,0.12)

Total events 19 3

Heterogenedy: Chi*= 0.59, df= 1 (P = 0.44); "= 0% i w7 T e

Testfor overall effect Z= 0.29 (P = 0.77) s ERCPGPOCS s

[X)

FIGURE 6 - A) Forest plot of successful endoscopic clearance showed high heterogeneity; B) funnel plot of successful endoscopic
clearance with outlier; C) forest plot of successful endoscopic clearance after excluding outlier study.

POCS ERCP Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Angsuwatcharakon 2019 1 16 2 16 17.5% -0.06([-0.26,0.14)
Buxbaum 2017 4 42 2 18 27.6% -0.02[-0.18,0.15)
Franzini 2017 2 50 6 50 54.8% -0.08([-0.19,0.03) —
Total (95% Cl) 108 84 100.0% -0.06[-0.14,0.02] <
Total events 7 10
Heterogeneity: Chi*= 0.40, df= 2 (P = 0.82); F= 0% k y 0= 5 3 0= 5 i
Test for overall effect: Z=1.41 (P=0.16) ’ POCS ERCP ’

FIGURE 7 - Forest plot of adverse events in RCT studies
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
Alameel 2013 0,900 0,533 0,986 ———
Aljebreen 2014 0,964 0,616 0,998 —
Akerman 2012 0,958 0,575 0,997 —
Arya 2004 0,957 0,891 0,984 —
Beyna 2016 0,714 0,439 0,889 e ——
Bhandari 2016 0,986 0,809 0,999 —
Binmoeller 1993 0,985 0,899 0,998 -
Brewer 2017 0,973 0,852 0,985 |
Chen 2011 0,924 0,831 0,968 il
Chen 2007 0,917 0,378 0,995
De Moura 2014 0,909 0,561 0,987
Draganov 2011 0,923 0,739 0,981 ——
Farrell 2005 0,981 0,764 0,999 —
Huang 2017 0,846 0,549 0,961 ——
Hui 2003 0,765 0,514 0,909 —-——
Itoi 2014 0,944 0,495 0,997
Jakobs 2007 0792 0683 0.870 —i-
Kalaitzakis 2012 0,727 0,553 0,852 s ]
Kim 2011 0,964 0,616 0,998 —_—
Kurihara 2016 0,742 0,563 0,865 ]
Laleman 2016 0,821 0,669 0,912 —
Landaeta 2016 0,976 0,713 0,999 —
Lee 2012 0,900 0,533 0,986 ———
Lim 2015 0,833 0,369 0,977 e ——
Lenze 2018 0,950 0,525 0,997 —
Li 2018 0,958 0,756 0,994 —
Maydeo 2011 0,992 0,882 0,999 —
Meves 2014 0,976 0,713 0,999 —
Moon 2009 0,889 0,648 0,972 ——
Navaneethan 2016 0,984 0,794 0,999 —
Neuhaus 1993 0,833 0,523 0,958 ——
Omuta 2014 0,933 0,648 0,991 —
Patel 2014 0,971 0,891 0,993 — |
Prinz 2014 0,950 0,525 0,997 —
Shah 2017 0,977 0,723 0,999 —
Sanchez 2017 0,654 0,457 0.809 -t
Sauer 2013 0,900 0,676 0,975 ——
Sepe 2012 0,769 0,478 0,924 —
Sioulas 2017 0,810 0,588 0,927 ——
Tieu 2015 0,769 0,478 0,924 T———
Tsuyuguchi 2011 0,959 0,905 0,983 -
Turowski 2018 0,947 0,866 0,980 —
Wong 2017 0,941 0,680 0,992 —

0,889 0,869 0,907 ¢

-1,00 -0,50 0,00 0,50 1,00

Cholangioscopy

FIGURE 8 — Endoscopic stone clearance: forest plot of successful endoscopic clearance rate in cholangioscopy-guided lithotripsy in
observational studies

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
Alameel 2013 0,200 0,050 0,541 —_—
Aljebreen 2014 0,077 0,011 0391 |
Akerman 2012 0,042 0,003 0425 [rem—
Arya 2004 0995 0921 1,000 -
Bhandari 2016 0,176 0,081 0,341 ——
Binmoeller 1993 0,008 0,000 0,110 —
Brewer 2017 0,037 0,022 0,060 ]
Chen 2011 0,061 0023 0,151 -—
De Moura 2014 0,042 0,003 0425
Farrell 2005 0019 0001 0236 —
Huang 2017 0,036 0,002 0,384 —
Hui 2003 0,353 0,168 0,596 ——
Jakobs 2007 0,007 0,000 0,100 —
Kim 2011 0,036 0,002 0,384 ]
Lee 2012 0,100 0,014 0,467 —
Maydeo 2011 0,133 0,068 0,245 -
Moon 2009 0,026 0,002 0310 —
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FIGURE 9 — Adverse effects: forest plot of adverse events rate in cholangioscopy-guided lithotripsy in observational studies
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FIGURE 10 — A) Successful endoscopic clearance rate using EHL; B) successful endoscopic clearance rate using LL; C) difference with

statistical significance (Student’s t-test)

Comparative meta-analysis of RTCs

Descriptive analysis

The three RCTs compared the successful stone clearance of
cholangioscopy-guided lithotripsy versus ERCP-guided endoscopic
therapies in the treatment of difficult biliary stones. All the articles
used were published in English and in full text. The total sample
size in this analysis was one hundred and ninety-two patients.

In one group, cholangioscopic therapies were performed
through EHL or LL; in the other group (control), endoscopic
therapies were guided by ERCP and included sphincterotomy,
papillary dilatation with balloon dilator, mechanical lithotripsy,
extractor balloon and basket. The complete data characteristics
are described in Figure 5.

Quantitative analysis (meta-analysis)

Successful endoscopic clearance (therapeutic success)

Three studies totaling 192 patients (108 in the POCS group
and 84 in the ERCP group) compared this outcome. The meta-
analysis showed no statistical difference between the techniques
and showed high heterogeneity between studies (RD=0.05 IC:
-0.08, 0.18 / I*= 76%). In the funnel plot analyses an outlier study
was identified. After exclusion of this study there was a drop in
heterogeneity; however, no significant difference was observed
between ERCP and cholangioscopy (RD= -0.02Cl: -0.17,0.12 /1*=
0%, Figure 6 A, B and Q).

In the analysis by the GRADE, this outcome presented a low
quality of evidence since one of the studies was not double-blinded,
did not perform the data analysis by intention to treat and was
imprecise since the power was less than 80% due to the fact that
there was no significant difference between the study groups.

Mean procedure time

All three RCTs analyzed this outcome. The mean time of
procedure was significantly lower in the ERCP group but there
was high heterogeneity within the analysis (MD= 21.02 Cl: 10.70,
31.34/ 1= 81%). We were able to identify the outlier study* in the
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funnel graph analysis. After excluding this study there was adropin
heterogeneity and a significant difference was observed between
ERCP and cholangioscopy (MD=27.89 Cl: 16.68, 39.10/ 1*=0%).

In the analysis by the GRADE, this outcome presented a
moderate quality of evidence since one of the studies was not
double-blinded and did not perform the data analysis by intention
to treat. However, power was higher than 80% with statistical
significance.

Mean fluoroscopy time

All three randomized studies analyzed this outcome and
the meta-analysis demonstrated a similar mean fluoroscopy
time between techniques but with high heterogeneity (MD=
-0.51Cl: -1.67, 0.65/1°=76). After evaluation of the funnel plot, the
Angsuwatcharakonet et al* study was identified as outlier and
removed from the evaluation.

The new analysis showed low heterogeneity and no significant
difference remained (MD=-0.14Cl: -1.60, 1.32/1°=21%). In the
GRADE analysis, this outcome presented low quality of evidence,
for the same reasons as the first outcome analyzed.

Adverse events

All three articles reported the absolute number of adverse
events and totaled seven in the POCS group and 10 in the ERCP
group and did not generate a statistically significant difference.
The analysis showed low heterogeneity between studies (RD=
-0.06 IC: -0.14, 0.02/1*= 0%).

In the GRADE analysis, this outcome presented a low
quality of evidence for the same reasons given for the successful
endoscopic clearance (Figure 7).

Meta-analysis of observational studies

Descriptive analysis

The 43 studies are retrospective or prospective case series
analyzing the efficacy and safety of cholangioscopy in the treatment
of difficult biliary stones. All articles were published in English and
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in full text. We included studies that included only patients with
proposed cholangioscopy-guided lithotripsy (electrohydraulic or
laser). The total number of patients studied in this analysis was 1638.
The majority of patients had a history significant for failure
to remove stones on prior ERCP attempt. In this group, five
outcomes could be analyzed: successful endoscopic clearance, first
session success rate, mean procedure time, number of sessions
needed to clear the bile duct, and adverse event rate. The mean
effect measure was calculated for the subgroups of EHL vs. LL,
considering the mean of each study with the size of its sample.

Quantitative analysis (meta-analysis)

Successful endoscopic clearance

The successful endoscopic clearance rate was analyzed in 43
studies included in the qualitative analysis, totaling 1638 patients.
The mean clearance rate was 88.29% (C195: 86.9 %—90.7%, Figure 8).

First session success rate

The rate of successful endoscopic clearance in the first
cholangioscopy session was reported in 25 articles, totaling 1166
patients. The mean clearance rate was 72.7% in cases with difficult
bile duct stones (Cl95: 69.9%—75.3%).

Mean procedure time to clear the bile duct

The mean procedure time of cholangioscopy-guided lithotripsy
was evaluated in a total of 13 studies totaling 754 patients. On
average, 47.50+6 min per session was required.

Number of sessions to clear the bile duct

The number of procedures required to effectively remove
all difficult bile duct stones was 1.5+0.18. Twenty-four articles with
a total of 1166 patients reported this outcome.

Adverse events

The percentage of adverse eventsin the treatment of difficult
bile ductstones was reported in 31 observational studies, totaling
1328 patients. The mean rate of adverse events reported was 8.7%
(IC95: 7%—-10.9%, Figure 9), with 0.5% of severe adverse events
(assessed by ASGE lexicon, Cotton et al., 2010)™.

Subgroup analysis

EHL vs. LL

We compared the final mean of the observational studies that
used electrohydraulic lithotripsy vs. laser lithotripsy for successful
endoscopic clearance rate. The successful endoscopic clearance
using only EHL was reported in 18 studies, totaling 694 patients,
with a mean successful endoscopic clearance rate of 91.4% (IC95:
88.6% - 93.6%), while those who employed laser lithotripsy rate
were reported in 18 articles, totaling 554 patients, with a final
mean of 88.6%(IC95: 85.4%-91.2%). The final means were then
compared using Student's t-test, with statistical significance
(p<0.0000001). (Figure 10 A, B and C)

DISCUSSION

This is the first systematic review to include and perform
meta-analysis of RCTs comparing POC-guided lithotripsy vs.
conventional ERCP therapies in the treatment of difficult to treat
bile duct stones.

There is one recent systematic review and meta-analysis
regarding POC-guided lithotripsy in the management of complex
biliary stones®®. However, this study has several limitations. Jin et
al®did notinclude all available RCTs studies and in their analyses,
they performed the meta-analysis by blending data from the
observational studies with the RCTs which lowered the level of
evidence in the study?.

Individually, the RCTs available in the literature have small
sample sizes, which limit the generalizability of their results*''®,
Thus, this meta-analysis, which aggregates these studies, significantly
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improves the quality of evidence available for clinical decision
making. Additionally, due to the small sample of RCTs, we chose to
retrieve all the data from observational studies in order to define
with greater certainty in a secondary analysis, the absolute values
of the POC-associated outcomes.

There was no statistical difference in the endoscopic stone
clearance rate of the complex bile duct stones treated with
cholangioscopy vs. conventional therapies guided by ERCP.
Additionally, adverse events and fluoroscopy time were also
similar. The only statistically significant difference was in relation
to the procedure time, which favors conventional ERCP. This
information is in agreement with clinical practice, since the use
of cholangioscopy implies the addition of another procedure to
an ERCP already in progress and may increasing the costs. This
data may prompt future studies of cost or cost-effectiveness.

After analysis of the three randomized studies, we found a
high heterogeneity that we corrected for afterwe excluded an outlier
study. The divergent study was published by Angsuwatcharakonet
et al.* and widely favored cholangioscopy.

A few differences between this study and the two other
studies may explain the divergence. First, the digital version of the
single operator cholangioscopy systemintroduced in February 2015
(DSOC, SpyGlass DS) was used instead of the previous version of
fiber optics by single operator (FSOC, Legacy SpyGlass) that was
used in the other two clinical trials. Shah et al. demonstrated in a
controlled study that the digital version significantly improved the
quality of the image compared to the previous system, possibly
enhancing diagnostic and therapeutic capabilities®’. The new
device features a tapered insertion point, digitalimage, wider field
of view and a larger working channel. Some retrospective cohorts
have also demonstrated the superiority of the new POC version
over the former*®, This technological improvement potentially
increases the chance of success in the cholangioscopy group of
the Angsuwatcharakon et al. study, making the chance of success
in the ERCP group significantly different*.

Another feature of the outlier study was that all the patients
that were evaluated had a previous ERCP attempt and the use
of papillary large balloon dilation to remove a stone was not
successful. In the studies of Franzini et al™. and Buxbaum et
al'®, a significant number of patients did not have ERCP prior to
inclusion and cholangioscopy was used as primary therapy for
difficult biliary lithiasis. This may explain the increased success rate
in the ERCP group in these two studies, decreasing the difference
compared with the cholangioscopy group. Perhaps if all three RCTs
included only patients with previous ERCP attempts and used the
new version of POCS, cholangioscopy would be favored in this
meta-analysis. These differences could explain the divergence of
the results pointed out by Angsuwatcharakon et al“.

Buxbaum et al.in their concluding remarks pointed out that
patients with a previously failed ERCP are less likely to have biliary
clearance in general™. In a subgroup analysis, they demonstrated
a 36% increase in the success rate in patients with prior ERCP
failure who were randomly assigned to the cholangioscopy arm
when compared to those who went for conventional therapy. In
contrast, cholangioscopy seems less likely to provide significant
benefits and may even increase the time of the procedure in some
patients. Because of the small number of available studies, it was
not possible to perform subgroup analyses in this meta-analysis,
but future studies with larger samples may prove a significant
benefit only for those patients with prior ERCP failure.

Regarding the type oflithotripsy used, two studies*"°used laser
lithotripsy, while the other electrohydraulic lithotripsy. Previous
prospective studies report a very high success rate in the clearance
of the bile duct with laser lithotripsy, with rates varying between
79% and 97%3'“° Veld et al”". recently published a systematic
review comparing all types of lithotripsy (laser, electrohydraulicand
extracorporeal) in the treatment of difficult biliary lithiasis following
failure of ERCP. In their study, laser lithotripsy presented a 95%
biliary clearance rate (EHL 88% and ESWL 84% (extracorporeal
shock wave lithotripsy), with a general morbidity rate of 10%, EHL
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13% and ESWL 8% and no reported mortality. From that data, we
can conclude that laser lithotripsy is the most successful treatment
for difficult choledocholithiasis. However, the results of our meta-
analysis suggest that the electrohydraulic lithotripsy technique is
superior than laser lithotripsy, with statistical significance.

This discrepancy between the results in our study and
the results reported by Veld et al”' can be explained. These
authors in the analysis of different lithotripsy techniques included
articles that did lithotripsy under fluoroscopic guidance and not
cholangioscopy?'%%414571 They also included articles in which the
authors did not report whether they used fluoroscopy or POC"*,
Additionally, one study used two alternative methods for lithotripsy,
however it did not state how many of the 26 patients used EHL
and how many used LL®. Finally, another study included lithotripsy
under percutaneous or intraoperative cholangioscopy guidance
(trans T-tube or transcystic)®. For this reason, these studies were
not included in our subgroup analysis comparing EHL vs. LL. We
believe that this was the etiology of the heterogeneity of the
results between our studies because our analysis verified the
advantage of the EHL method. We believe that this is important
because it underlines the disparities that exist in the current
literature on this topic.

Itisimportantto also note thatin the clinical trials conducted
by Buxbaum et al™®. and Franzini et al.’®, the procedures were
performed by endoscopists with extensive experience in ERCP
but with limited experience using cholangioscopy. On the other
hand, Angsuwatcharakon et al.# conducted their study years after
the spyglass system was released and the operators already had
some initial experience with the platform. Studies have shown
that operator experience is related to better performance and
reduction of adverse events'*6. Therefore, possible differences
in the experience of the clinicians performing the procedure
between the articles could also explain the differences found in
their individual results.

In the reference of the analysis of the observational studies,
the mean removal rate of cholangioscopy was 88.29% with 72.7% of
successful extractions with only one lithotripsy session. These levels
of success are very significant compared to those of conventional
methods: there is a difference of almost 10 to 20% with ERCP
success rates in difficult biliary stones (the probability of success
is in the range of 68% to 79%)%. The number of cholangioscopies
required to complete the removal was on average 1.5+0.1 and on
average required 47.50+6 min of procedure time per session. The
total adverse event rate was of 8.7%, with 0.5% of severe adverse
events (assessed by ASGE lexicon, Cotton et al., 2010), similar to
findings in the literature for conventional ERCP (serious adverse
event rate 1%, Cl95: 1%-2%)>"°. The analysis of the observational
studies have shown that the use of POCS for difficult lithiasis has
a high success rate for stone removal and that it is effective and
safe for extraction in patients with difficult biliary lithiasis. However,
considering the success rate of cholangioscopy, there are still
approximately 10% of patients who do not achieve adequate
stone removal by this method. Therefore, we recommend that
these patients be treated at centers of excellence.

Our study has some limitations. The first is related to the
lack of data found in the literature: a limited number of RCTs exist
and each had a small sample size. Another limitation was that the
comparative analysis showed high heterogeneity. Using the funnel
plot method, we verified the presence of some outliers, which had
to be removed, treating the heterogeneity and homogenizing
the sample, increasing the strength of the evidence of our study.
Additionally, two of the three randomized patients used the old
cholangioscope system, which may have reduced the efficacy of
cholangioscopy. It was also not possible to carry out cost analysis
for the procedures, due to the concealment of this information
in the articles analyzed. Finally, the quality of the evidence is still
affected by the fact that one of the authors did an analysis of
protocol intent, in addition to not performing blinded allocation,
which reduces, in some way, the reliability of our results.

The limitations to the analysis of the observational articles
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included the heterogeneity due to the use of different types
of cholangioscopes, equipment and accessories for lithotripsy,
and variability of the operators and their skill level. However, we
believe that the inclusion of many procedures performed in several
different centers can more accurately express the practical and
more generalizable results of lithotripsy outside of the centers
we evaluated. Despite these limitations, we believe that this is
the best evidence available in the literature to support the use of
cholangioscopy-guided lithotripsy.

We believe that future studies should focus on
patients who had a previous attempt at stone removal and failed
and that use the unique digital version of cholangioscope with
electrohydrauliclithotripsy. Addition controlled studies need to be
conducted and should compare hydraulicand laser lithotripsy, thus
providing robust and direct evidence to corroborate our indirect
comparison. With increase inoperator experience using the digital
version of the cholangioscope, and by only evaluating patients
with failure to remove stones on prior ERCP attempt, it is possible
that these studies will show the superiority of lithotripsy by POC.
Based onthe results found in our meta-analysis and considering the
current cost of cholangioscopy, we suggest that the POC-guided
lithotripsy should only be used for the treatment of difficult bile
duct stones in cases where conventional techniques fail.

CONCLUSION

Based on the results of our systematic review and meta-
analysis, in terms of therapeutic success, mean fluoroscopy time
and adverse event rate there was no statistical difference in
the comparison between POC and standard ERCP endoscopic
methods in the management of difficult bile duct stones. However,
conventional ERCP therapies were associated with less procedural
time. In patients who had a prior ERCP with failure to remove
stones, our analysis verified the benefit of cholangioscopy in the
therapeutic success for the clearance of stones in the common
bile duct. Considering the current cost of cholangioscopy, we
believe that POP-guided lithotripsy should primarily be used in
cases when the conventional technique failed to initially remove
stones within the common bile duct.

REFERENCES

1. Akerman S, Rahman M, Bernstein DE. Direct cholangioscopy. Eur J
Gastroenterol Hepatol 2012;24:1406-9.

2. Alameel T, Bain V, Sandha G. Clinical application of a single-operator
direct visualization system improves the diagnostic and therapeutic
yield of endoscopic retrograde cholangiopancreatography. Can J
Gastroenterol 2013;27:15-9.

3. Aljebreen A, Alharbi O, Azzam N, Almadi M. Efficacy of spyglass-
guided electrohydraulic lithotripsy in difficult bile duct stones. Saudi J
Gastroenterol 2014;20:366.

4. Angsuwatcharakon P, Kulpatcharapong S, Ridtitid W, Boonmee C,
Piyachaturawat P, Kongkam P, et al. Digital cholangioscopy-guided laser
versus mechanical lithotripsy for large bile duct stone removal afterfailed
papillarylarge-balloondilation:arandomizedstudy.Endoscopy[Internet]
2019. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30786315.

5. AryaN,NellesSE,HaberGB,KimY-I,KortanPK.ElectrohydraulicLithotripsy
in 111 Patients: A Safe and Effective Therapy for Difficult Bile Duct Stones.
Am J Gastroenterol 2004;99:2330-4.

6. Beyna T, Farnik H, Sarrazin C, Gerges C, Neuhaus H, Albert J. Direct
retrograde cholangioscopy with a new prototype double-bending
cholangioscope. Endoscopy 2016;48:929-33.

7. BhandariS,BathiniR, SharmaA, Maydeo A. Usefulness of single-operator
cholangioscopy-guided laserlithotripsyin patientswith Mirizzisyndrome
and cystic duct stones: experience at a tertiary care center. Gastrointest
Endosc 2016;84:56-61.

8. BinmoellerKF,Briickner M, Thonke F, Soehendra N. Treatment of Difficult
Bile Duct Stones Using Mechanical, Electrohydraulic and Extracorporeal
Shock Wave Lithotripsy. Endoscopy 1993;25:201-6.

9. Brewer Gutierrez Ol, Bekkali NLH, Raijman |, Sturgess R, Sejpal DV, Aridi
HD, et al. Efficacy and Safety of Digital Single-Operator Cholangioscopy
for Difficult Biliary Stones. Clin Gastroenterol Hepatol 2018;16:918-926.

ABCD Arq Bras Cir Dig 2020;33(1):e1491



CHOLANGIOSCOPY-GUIDED LITHOTRIPSY VS. CONVENTIONAL THERAPY FOR COMPLEX BILE DUCT STONES: A SYSTEMATIC REVIEW AND META-ANALYSIS

10. Buxbaum J, Sahakian A, Ko C, Jayaram P, Lane C, Yu CY, Kankotia, et
al. Randomized trial of cholangioscopy-guided laser lithotripsy versus
conventional therapyforlarge bile duct stones (withvideos). Gastrointest
Endosc 2018;87:1050-60.

11. Chen YK, Parsi MA, Binmoeller KF, Hawes RH, Pleskow DK, Slivka A, et
al. Single-operator cholangioscopy in patients requiring evaluation of
bile duct disease or therapy of biliary stones (with videos). Gastrointest
Endosc 2011;74:805-14.

12. ChenYK PleskowDK SpyGlasssingle-operatorperoralcholangiopancreatoscopy
system for the diagnosis and therapy of bile-duct disorders: a clinical
feasibility study (with video). Gastrointest Endosc 2007;65:832—41.

13. Cho YD, Cheon YK, Moon JH, Jeong SW, Jang JY, Lee JS, et al. Clinical
role of frequency-doubled double-pulsed yttrium aluminum garnet
laser technology for removing difficult bile duct stones (with videos).
Gastrointest Endosc 2009;70:684-9.

14. Clemente Junior CC de, Bernardo WM, Franzini TP, Luz GO, dos Santos
MEL, Cohen JM, et al. Comparison between endoscopic sphincterotomy
vs endoscopic sphincterotomy associated with balloon dilation for
removal of bile duct stones: A systematic review and meta-analysis
based on randomized controlled trials. World J Gastrointest Endosc
2018; 10(8): 130-144.

15. Cotton PB, Eisen GM, Aabakken L, Baron TH, Hutter MM, Jacobson
BC, et al. A lexicon for endoscopic adverse events: report of an ASGE
workshop. Gastrointest Endosc 2010;71:446-54.

16. DraganovPV, LinT,ChauhanS, WaghMS, HouW, Forsmark CE. Prospective
evaluationoftheclinical utility of ERCP-guided cholangiopancreatoscopy
withanewdirectvisualizationsystem.GastrointestEndosc2011;73:971-9.

17. Farrell JJ, Bounds BC, Al-Shalabi S, Jacobson BC, Brugge WR, Schapiro
RH, et al. Single-Operator Duodenoscope-Assisted Cholangioscopy Is
an Effective Alternative in the Management of Choledocholithiasis Not
Removed by Conventional Methods, Including Mechanical Lithotripsy.
Endoscopy 2005;37:542-7.

18. Franzini T, Moura R, Bonifacio P, Luz G, de Souza T, dos Santos M, et al.
Complex biliary stones management: cholangioscopy versus papillary
large balloon dilation —a randomized controlled trial. Endosc Int Open
2018;,06:E131-8.

19. Forbes N, Mohamed R, Raman M. Learning curve forendoscopytraining:
Isitallaboutnumbers? Best Pract Res Clin Gastroenterol 2016;30:349-56.

20. Garg PK, Tandon RK, Ahuja V, Makharia GK, Batra Y. Predictors of
unsuccessful mechanical lithotripsy and endoscopic clearance of large
bile duct stones. Gastrointest Endosc 2004;59:601-5.

21. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,
et al. GRADE: an emerging consensus on rating quality of evidence and
strength of recommendations. BMJ 2008;336:924—6.

22. Higgins JPT, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.
TheCochrane Collaboration’stool forassessing riskof biasinrandomised
trials. BMJ 2011;343:d5928-d5928.

23.HuangY,ChangH,YaoW, Zhang, LiK, Wang Y. A snare-assisted peroral
direct choledochoscopy and pancreatoscopy using an ultra-slim upper
endoscope: A case series study. Dig Liver Dis 2017;49:657-63.

24. Hui C-K, Lai K-C, Ng M, Wong W-M, Yuen M-F, Lam S-K, et al. Retained
common bile duct stones: a comparison between biliary stenting and
complete clearance of stones by electrohydraulic lithotripsy. Aliment
Pharmacol Ther 2003;17:289-96.

25. Itoi T, Reddy DN, Sofuni A, Ramchandani M, Itokawa F, Gupta R, et
al. Clinical evaluation of a prototype multi-bending peroral direct
cholangioscope. Dig Endosc 2014;26:100-7.

26.Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan
DJ, et al. Assessing the quality of reports of randomized clinical trials: is
blinding necessary? Control Clin Trials 1996;17:1-12

27.)Jakobs R, Pereira-Lima JC, Schuch AW, Pereira-Lima LF, Eickhoff A,
RiemannJF.Endoscopiclaserlithotripsyforcomplicated bileductstones:is
cholangioscopicguidance necessary?.ArqGastroenterol 2007;44:137-40.

28.JinZ, Wei Y, Tang X, Shen S, Yang J, Jin H, et al. Single-operator peroral
cholangioscope in treating difficult biliary stones: A systematic review
and meta-analysis. Dig Endosc. 2019 May;31(3):256-269.

29. Kalaitzakis E, Webster GJ, Oppong KW, Kallis Y, Vlavianos P, Huggett
M, et al. Diagnostic and therapeutic utility of single-operator peroral
cholangioscopy for indeterminate biliary lesions and bile duct stones.
Eur J Gastroenterol Hepatol 2012;24:656-64.

30. Kim H Il, Moon JH, Choi HJ, Lee JC, Ahn HS, Song AR, et al. Holmium
laser lithotripsy under direct peroral cholangioscopy by using an ultra-
slim upper endoscope for patients with retained bile duct stones (with
video). Gastrointest Endosc 2011;74:1127-32.

31.Kim T-H, Oh H-J, Choi C-S, Yeom D-H, Choi S-C. Clinical usefulness of
transpapillary removal of common bileductstones by frequency doubled
double pulse Nd:YAG laser. World J Gastroenterol 2008;14:2863-6.

32. KuriharaT, Yasuda, Isayama H, Tsuyuguchi T, Yamaguchi T, Kawabe K, et
al. Diagnosticandtherapeuticsingle-operatorcholangiopancreatoscopy
inbiliopancreaticdiseases: Prospective multicenter studyinJapan. World
J Gastroenterol 2016;22:1891.

ABCD Arq Bras Cir Dig 2020;33(1):e1491

33. Korrapati P, Ciolino J, Wani S, Shah J, Watson R, Muthusamy V, et al.
The efficacy of peroral cholangioscopy for difficult bile duct stones and
indeterminate strictures: a systematic review and meta-analysis. Endosc
Int Open 2016;04:E263-75.

34. Laleman W, Verraes K, Van Steenbergen W, Cassiman D, Nevens F, Van
der Merwe S, et al. Usefulness of the single-operator cholangioscopy
system SpyGlass in biliary disease: a single-center prospective cohort
study and aggregated review. Surg Endosc 2017;31:2223-32.

35. Landaetal. Experienciacolangioscopia peroralmonoperador (SPYGLASS)
en patologia biliar en un centro privado de tercer nivel en Venezuela.
Gen [Internet] 2016;70:61-3 Available from: http://ve.scielo.org/scielo.
php?script=sci_abstract&pid=S0016-35032016000200005&Ing=pt&
nrm=iso&ting=es.

36. Lee J, Moon J, Choi H, Song A, Jung E, Cheon Y, et al. Endoscopic
treatment of difficult bile duct stones by using a double-lumen basket
for laser lithotripsy —a case series. Endoscopy [Internet] 2009;42:169-72.

37.Lee TY, Cheon YK, Choe WH, Shim CS. Direct Cholangioscopy-Based
Holmium Laser Lithotripsy of Difficult Bile Duct Stones by Using an
Ultrathin UpperEndoscope WithoutaSeparateBiliary Irrigating Catheter.
Photomed Laser Surg 2012;30:31-6.

38. Lenze F, Bokemeyer A, Gross D, Nowacki T, Bettenworth D, Ullerich H.
Safety, diagnostic accuracy and therapeutic efficacy of digital single-
operator cholangioscopy. United Eur Gastroenterol J 2018;6:902-9.

39. LiJ, Guo S-J, Zhang J-C, Wang H-Y, Li K, Niu S-H. A new hybrid anchoring
balloon for direct peroral cholangioscopy using an ultraslim upper
endoscope. Dig Endosc 2018;30:364-71.

40.Lim P, Aggarwal V, Craig P. Role of balloon-assisted cholangioscopy
in @ multiethnic cohort to assess complex biliary disease (with videos).
Gastrointest Endosc 2015;81:932-42.

41. LiuF,JinZ Zou D, Li Z. Efficacy and safety of endoscopic biliary lithotripsy
using FREDDY laserwitharadiopaque markunderfluoroscopicguidance.
Endoscopy 2011;43:918-21.

42.Maydeo A, Kwek BEA, Bhandari S, Bapat M, Dhir V. Single-operator
cholangioscopy-guided laserlithotripsyin patientswithdifficultbiliaryand
pancreaticductalstones(withvideos).GastrointestEndosc 2011;74:1308-14.

43. MevesV, ElIC, PohlJ.Efficacyandsafety of directtransnasal cholangioscopy
with standard ultraslim endoscopes: results of a large cohort study.
Gastrointest Endosc 2014;79:88-94.

44. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
Med 2009;6:21000097

45. Moon JH, Cha SW, Ryu CB, Kim YS, Hong SJ, Cheon YK, et al. Endoscopic
treatment of retained bile-duct stones by using a balloon catheter for
electrohydrauliclithotripsywithoutcholangioscopy.GastrointestEndosc
2004;60:562-6.

46. MoonJH, Ko BM, ChoiHJ, Koo HC,Hong SJ, Cheon YK, et al. Direct Peroral
Cholangioscopy Using an Ultra-Slim Upper Endoscope forthe Treatment
of Retained Bile Duct Stones. Am J Gastroenterol 2009;104:2729-33.

47. Moura EGH de, Franzini T, Moura RN, Carneiro FOAA, Artifon EL de
A, Sakai P. Cholangioscopy in bile duct disease: a case series. Arq
Gastroenterol 2014;51:250-4.

48. Navaneethan U, Hasan MK, Kommaraju K, Zhu X, Hebert-Magee S,
Hawes RH, etal. Digital, single-operator cholangiopancreatoscopyinthe
diagnosis and management of pancreatobiliary disorders: a multicenter
clinical experience (with video). Gastrointest Endosc 2016;84:649-55.

49. NeuhausH,ZillingerC,BornP, OttR, AllescherH,RéschT, etal. Randomized
studyofintracorporeallaserlithotripsyversus extracorporeal shock-wave
lithotripsyfordifficultbileductstones.GastrointestEndosc 1998;47:327-34.

50. Neuhaus H, Hoffmann W, Zillinger C, Classen M. Laser lithotripsy of
difficult bile duct stones under direct visual control. Gut 1993;34:415-21.

51.Omuta S, Maetani |, Ukita T, Nambu T, Gon K, Shigoka H, et al. Direct
peroral cholangioscopy using an ultraslim upper endoscope for biliary
lesions. Hepatobiliary Pancreat Dis Int 2014;13:60-4.

52. Passos M, Ribeiro |, de Moura D, Korkischko N, Silva G, Franzini T, et al.
Efficacy and safety of carbon dioxide insufflation versus air insufflation
duringendoscopicretrograde cholangiopancreatographyinrandomized
controlled trials: a systematic review and meta-analysis. Endosc Int Open
2019;,07:E487-97.

53. Patel SN, Rosenkranz L, Hooks B, Tarnasky PR, Raijman |, Fishman DS, et
al. Holmium-yttrium aluminum garnet laser lithotripsy in the treatment
of biliary calculi using single-operator cholangioscopy: a multicenter
experience (with video). Gastrointest Endosc 2014;79:344-8.

54. Prachayakul V, Aswakul P, Kachintorn U. Electrohydraulic lithotripsy as
an highly effective method for complete large common bile duct stone
clearance. J Interv Gastroenterol 2013;4:59-63.

55. Prinz C, Weber A, Goecke S, Neu B, Meining A, Frimberger E. A new
peroral mother-baby endoscope system for biliary tract disorders. World
J Gastrointest Endosc 2014;6:20.

56. Reason J. James Reason: patient safety, human error, and Swiss cheese.
Interview by Karolina Peltomaa and Duncan Neuhauser. Qual Manag
Health Care 2012;21:59-63.

9/10



REVIEW ARTICLE

57.Rocha RS de P, Minata MK, de Moura DTH, de Moura EGH, Franzini
TAP. Common bile duct intussusception during ERCP for stone removal.
VideoGIE [Internet] 2018;3:28-30 Available from: https://linkinghub.
elsevier.com/retrieve/pii/S2468448117301911.

58.Sanchez Cerna V, Alcantara Figueroa C, Reyes Mugruza T, Acorda
Sifuentes L, Valverde Huaman M, Valdivia Roldan M, et al. Diagnostic
and therapeutic cholangioscopy in biliary diseases: a prospective study
in Peru. Rev Gastroenterol Peru 2017;37:329-34.

59. Sauer BG, Cerefice M, Swartz DC, Gaidhane M, Jain A, Haider S, et al.
Safety and efficacy of laser lithotripsy for complicated biliary stones
using direct choledochoscopy. Dig Dis Sci 2013;58:253-6.

60. Sepe PS, Berzin TM, Sanaka S, Patel N, Sawhney MS, Chuttani R, et al.
Single-operator cholangioscopy for the extraction of cystic duct stones
(with video). Gastrointest Endosc 2012;75:206-10.

61. SerranoJ,de Moura D, Bernardo W, Ribeiro |, Franzini T, de MouraE, et al.
Nonsteroidalanti-inflammatory drugsversus placeboforpost-endoscopic
retrograde cholangiopancreatography pancreatitis: a systematic review
and meta-analysis. Endosc Int Open 2019;07:E477-86.

62. Shah R, Neuhaus H, Parsi M, Reddy D, Pleskow D. Randomized study of
digital single-operator cholangioscope compared to fiberoptic single-
operator cholangioscope in a novel cholangioscopy bench model.
Endosc Int Open 2018;06:E851-6.

63. Shah R, Raijman |, Brauer B, Gumustop B, Pleskow D. Performance of
a fully disposable, digital, single-operator cholangiopancreatoscope.
Endoscopy 2017;49:651-8.

64. Shamamian P, Grasso M. Management of complex biliary tract calculi
with a holmium laser. J Gastrointest Surg 2004;8:191-9.

65. Sharma SS, Jain P. Should we redefine large common bile duct stone?.
World J Gastroenterol 2008;14(4):651-652.

66. Sioulas AD, EI-Masry MA, Groth S, Schachschal G, Anders M, Résch T, et
al. Prospective evaluation of the short access cholangioscopy for stone
clearance and evaluation of indeterminate strictures. Hepatobiliary
Pancreat Dis Int 2017;16:96-103.

67. Stefanidis G, ChristodoulouC, ManolakopoulosS, ChuttaniR.Endoscopic
extraction of large common bile duct stones: A review article. World J
Gastrointest Endosc 2012; 4(5): 167-179.

10/10

68. Tieu AH, Kumbhari V, Jakhete N, Onyimba F, Patel Y, Shin EJ, et al.
Diagnostic and therapeutic utility of SpyGlass ® peroral cholangioscopy
in intraductal biliary disease: Single-center, retrospective, cohort study.
Dig Endosc 2015;27:479-85.

69. Tsuyuguchi T, Sakai Y, Sugiyama H, Ishihara T, Yokosuka O. Long-term
follow-up after peroral cholangioscopy-directed lithotripsy in patients
with difficult bile duct stones, including Mirizzi syndrome: an analysis of
risk factors predicting stone recurrence. Surg Endosc 2011;25:2179-85.

70. TurowskiF,HlgleU,DormannA, BechtlerM, JakobsR, Gottschalk U, Notzel
E etal. Diagnosticandtherapeuticsingle-operatorcholangiopancreatoscopy
with SpyGlass DSTM: results of a multicenter retrospective cohort study.
Surg Endosc 2018;32:3981-8.

71.Veld J, van Huijgevoort N, Boermeester M, Besselink M, van Delden O,
Fockens P, et al. A systematic review of advanced endoscopy-assisted
lithotripsy for retained biliary tract stones: laser, electrohydraulic or
extracorporeal shock wave. Endoscopy 2018;50:896-909.

72.Wan X, Wang W, LiuJ, Tong T. Estimating the sample mean and standard
deviationfromthesamplesize, median, rangeand/orinterquartilerange.
BMC Med Res Methodol 2014;14:135.

73.Wong J, Tang R, Teoh A, Sung J, Lau J. Efficacy and safety of novel digital
single-operator peroral cholangioscopy-guided laser lithotripsy for
complicated biliary stones. Endosc Int Open 2017;05:E54-8.

ABCD Arq Bras Cir Dig 2020;33(1):e1491



