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Comparative efficacy of various endoscopic
techniques for the treatment of common
bile duct stones: a network meta-analysis
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Background

* Endoscopic sphincterotomy (EST) and bile duct stone
extraction

— First introduced in 1975

— Standard technique for dilatation of the bile duct orifice
and removal of common bile duct (CBD) stones during
ERCP (Endoscopic Retrograde Cholangio-Pancreatography)
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Background

* EST and bile duct stone extraction
— Associated with frequent adverse events
* Bleeding, perforation and pancreatitis

— For larger CBD stones, mechanical lithotripsy

might be required for fragmentation and ret{i/eval
\ \'//
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Background

* Endoscopic papillary balloon dilatation (EPBD):

— Preservation of the papillary
sphincter function

— Lower rate of post-procedural
bleeding

— High risk of post-ERCP
pancreatitis

The American Journal of Gastroenterology volume 106, pages 278-285 (2011)
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Background

e EST with balloon dilatation (ESBD):
— Efficient stone clearance and acceptable adverse events.

e Several traditional pairwise meta-analyses comparing stone
removal rates between EST versus EPBD and EST versus ESBD

were published:
— Provided only fragmentary pairwise results

— No comprehensive results comparing the 3 endoscopic
techniques

* A network meta-analysis to evaluate comparative efficacies
among EST, EPBD, and ESBD in the removal of CBD stones
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Patient/population (P) Patients with 1 or more CBD stones

Intervention (I)

Comparator (C)

Outcome (O)

Endoscopic techniques for stone removal
including EST, EPBD, and ESBD

Another endoscopic technique

Successful rate of stone removal,
requirement of mechanical lithotripsy,
and adverse events including bleeding,
perforation, and pancreatitis
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We searched for all relevant studies published between
January 1970 and June 2017 that examined the efficacy of
endoscopic techniques for CBD stone removal using MEDLINE,
EMBASE, and the Cochrane Library databases.

* The following search string was used: ((bile) OR (biliary)) AND
(stone*) AND ((sphincterotomy) OR (balloon) OR (large-
balloon) OR (dilation) OR (dilatation)).

* To identify additional studies, we also examined the
references of screened articles.
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A - YFXE%%@L}_Q V28 (Appraisal) ?

 Two investigators independently evaluated the
studies for eligibility and resolved any
disagreements through discussion and consensus.

* When no agreement could be reached, a third
investigator determined the eligibility.

e The Cochrane Risk of Bias assessment tool was
used for assessing the risk of bias in individual
studies.
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1995, Minami [33]| 2 | '?

1997, Bergman [32]

1999, Ochi 34]| 2 |2

2001, Armold [35] | 2

2001, Yasuda [6]

2002, Natsui [36] | ‘?

3, Fujita (37]| 2

2003, Vlavianos (38]
2004, Disario [8]

2004, Lin [39]| ‘2

2004, Takezawa [40]

2004, Tanaka [41]| ‘2

5@

2007, Heo [11] | 2

2007, Watanabe [42] | ‘?

2009, Kim [43] [ 2

2011, Stefanidis (44]
2012, Oh [45]
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2013,Fu(47]| ‘2

2013, Hwang [48] | ‘?

2013, Qian [46)
2013, Teoh [49]
2014, Li [50)
2014, Seo [51]
2015, Guo [52]
2017, Cheon [53]
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e All 25 studies were randomized controlled trial

— One was designed as a 3-arm trial
that compared the efficacy between
EST, EPBD, and ESBD

— All other studies were 2-arm study
designs comparing EST versus EPBD,
EST versus ESBD, or EPBD versus ESBD

EST

17 (n=2341) ESBD

EPBD
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* Quality of evidence was rated for results from the network
meta-analysis according to the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) working
group approach.

— Risk of bias, indirectness, imprecision, heterogeneity,
and/or publication bias.

— Inconsistency between direct and indirect estimates
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Direct
evidence

— et COMMON COMPArATON g
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_____@ Indirect
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Network meta-analysis combining direct and indirect evidence

Network meta-analysis: a technique to gather evidence from direct and indirect comparisons

Pharm Pract (Granada). 2017 Jan-Mar; 15(1): 943
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1 (Total up)

Odds Ratio Odds Ratio

= \
- A Z:t 7 Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
HI 1L EE l“l:l . 1.1.1 EPBD vs EST
1997, Bergman [32] 81 101 92 101 B.1% 0.40[0.17-0.92]
. 1999, Ochi [34] 40 55 51 55 6.0% 0.21 [0.06-0.68] )
2001, Arnold [35] 23 30 30 30 1.6% 0.05 [0.00-0.95] *
¢ Flgure ZA' 2001, Yasuda [6] 35 35 35 35 Not estimable
. . 2002, Natsui [36] 41 70 49 70 9.1% 0.61[0.30-1.22] —
Direct meta-ana IyS|S of 2003, Fujita [37) 105 138 113 144 102% 0.87 [0.50-1.52] ——
2003, Vlavianos [38] 65 103 63 99 10.1% 0.98 [0.55-1.73] -1
d 'ff d . 2004, Disario [8] 103 117 111 120 7.8% 0.60 [0.25-1.44] e
ITTferent endosco pIC 2004, Lin [39] 44 51 47 53 61% 0.80 [0.25-2.57] —_—
2004, Takezawa [40] 46 46 45 45 Not estimable
techniques for Successful 2004, Tanaka [41] 1 16 9 16  4.7% 1.71 [0.40-7.27] N
2007, Watanabe [42] 65 90 52 90 9.7% 1.90 [1.02-3.54] =
. 2012, Oh [45] 33 40 35 43 6.3% 1.08 [0.35-3.30] -
CBD stone removal in the 2o3run 94 103 75 103 83% 3.90 (1.73-8.77) —
2014, Seo [51] 57 62 64 70 5.7% 1.07 [0.31-3.69] -1
H . . 2015, Guo [52] 78 85 79 85 6.2% 0.85 [0.27-2.63] I —
fl rSt endOSCOpIC SGSSIOF\ . Subtotal (95% CI) 1142 1159 100.0% 0.87 [0.59-1.30] <
Total events 921 950
Heterogeneity: Tau2=0.32; Chi2= 34.41, df = 13 (P = .001); 2= 62%
Test for overall effect: Z= 0.66 (P =.51)
1.1.2 ESBD vs EST
2007, Heo [11] 83 100 87 100 18.7% 0.73 [0.33-1.60] B
2009, Kim [43] 23 27 23 28 9.1% 1.25 [0.30-5.26] -1
2011, Stefanidis [44] 44 45 41 45 4.5% 4,29 [0.46-40.01]
2013, Qian [46] 51 63 42 69 18.5% 2.73[1.24-6.04] e
2013, Teoh [49] 65 73 69 78 14.4% 1.06 [0.39-2.91] -r
2014, Li [50] 200 228 162 227 25.6% 2.87 [1.76-4.67) -
2015, Guo [52] 82 85 79 85 93% 2.08 [0.50-8.59] -1 -
Subtotal (95% CI) 621 632 100.0% 1.75[1.05-2.90] N
Total events 548 503
Heterogeneity: Tau?=0.20; Chi?= 11.40, df = 6 (P = .08); I2= 47%
Test for overall effect: Z=2.15 (P = .03)
1.1.3 ESBD vs EPBD
2013, Hwang [48] 65 69 57 62 439% 1.43 [0.37-5.57] —
2015, Guo [52] 82 85 78 85 423% 2.45[0.61-9.82] L
2017, Cheon [53] 43 44 40 42 13.7% 2.15[0.19-24.64] =
Subtotal (95% Cl) 198 189 100.0% 1.90 [0.77-4.68] D
=) === 2 . Total events 190 175
AT RE AN . Heterogeneity: Tau?=0.00; Chiz=0.31,df =2 (P = .86); 1= 0%
= = - é = K = ** Test for overall effect: Z=1.39 (P =.16)
&= A 0.01 0.1 1 10 100
Favors [control]  Favors [experimental]
~ > e o 000000 e e
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o Experimental Control Odds Ratio 0Odds Ratio
H e t e ro e n e I t Study or Subgroup _ Events _Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 EPBD vs EST
1997, Bergman [32] 81 101 92 101  8.1% 0.40[0.17-0.92)
o 1999, Ochi [34] 40 55 51 55 6.0% 0.21 [0.06-0.68] )
[ ) 2001, Arnold [35] 23 30 30 30 1.6% 0.05[0.00-0.95] *
F Igu re ZA 2001, Yasuda [6] 35 35 35 35 Not estimable
. . 2002, Natsui [36] 41 70 49 70 9.1% 0.61[0.30-1.22] N
D|reCt meta-ana IyS|S Of 2003, Fujita [37) 105 138 113 144 10.2% 0.87 [0.50-1.52) ™
2003, Vlavianos [38] 65 103 63 99 10.1% 0.98 [0.55-1.73] .
d H ff d H 2004, Disario [8] 103 17 111 120 7.8% 0.60 [0.25-1.44] .
I e re nt e n OSCO p I C 2004, Lin [39] 44 51 47 53 6.1% 0.80 [0.25-2.57] - 1
2004, Takezawa [40] 46 46 45 45 Not estimable
techniques for Successful 2004, Tanaka [41] 1 16 9 16 4.7% 1.71 [0.40-7.27] B R —
2007, Watanabe [42] 65 90 52 90 9.7% 1.90[1.02-3.54] =
. 2012, Oh [45] 33 40 35 43 6.3% 1.08 [0.35-3.30] -1
CBD stone removal in the 203 run 94 103 75 103 83% 3.90(1.73-8.77) ——
2014, Seo [51] 57 62 64 70 5.7% 1.07 [0.31-3.69] -1
H . . 2015, Guo [52] 78 85 79 85 6.2% 0.85 [0.27-2.63] ] —
f| rst endOSCOpIC SEeSSION.  subtotal 95% <) 1142 1159 100.0%  0.87[0.59-1.30] <>
Total events 921 950
Heterogeneity: Tau= 0.32; Chi2=34.41,df =13 (P =.001§ 12=62%
Test for overall effect: Z= 0.66 (P =.51)
1.1.2 ESBD vs EST
2007, Heo [11] 8 100 87 100 18.7% 0.73[0.33-1.60] —
2009, Kim [43] 23 27 23 28 9.1% 1.25[0.30-5.26] -1
2011, Stefanidis [44] 44 45 41 45  4.5% 4,29 [0.46-40.01]
2013, Qian [46] 51 63 42 69 18.5% 2.73[1.24-6.04] ==
2013, Teoh [49] 65 73 69 78 14.4% 1.06 [0.39-2.91] -rr
2014, Li [50] 200 228 162 227 25.6% 2.87 [1.76-4.67] -
2015, Guo [52] 82 85 79 85 9.3% 2.08[0.50-8.59] - -
Subtotal (95% Cl) 621 632 100.0% 1.75[1.05-2.90] N
Total events 548 503
Heterogeneity: Tau?= 0.20; Chi?= 11.40, df = 6 (P = .04); = 47%
Test for overall effect: Z=2.15 (P = .03)
1.1.3 ESBD vs EPBD
2013, Hwang [48] 65 69 57 62 43.9% 1.43[0.37-5.57] —
2015, Guo [52] 82 85 78 85 42.3% 2.45[0.61-9.82] T
2017, Cheon [53] 43 44 40 42 13.7% 2.15[0.19-24.64) e
e Subtotal (95% Cl) 198 189 100.0% 1.90[0.77-4.68] S
_\ / =om 2 Q Total events 190 175
A HE mH . Heterogeneity: Tau?= 0.00; Chi?= 0.31, df = 2 (P = .86); = 0%
|:| - é |:| K =S 7F7k Test for overall effect: Z=1.39 (P =.16)
A 0.01 0.1 10 100
Favors [control]  Favors [experimental]
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RESULT

Pooled summary estimates and quality of evidence derived
from direct and indirect estimates and network meta-analysis
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Successful stone removal (1 st session)

P value for
Network Type of Quality of
Comparison consistency  estimate OR (95% Crl) evidence Forest plot
Direct 0.82 (0.50-1.28)  Lowab e
EPBD vs EST P=.791 Indirect 1.04 (0.17-6.24)  Very low® ‘ =
Network 0.83 (0.53-1.26) Low -
Direct 1.77 (0.90-3.58)  Lowab H—e—
ESBD vs EST P=.797 Indirect 1.40 (0.25-8.22)  Very lowP b &
Network 1.74 (0.96-3.14)  Low ——
Direct 2.02 (0.56-7.57)  LowP ——a—
ESBD vs EPBD P=.948 Indirect 2.13 (0.91-5.26)  Very lowP —a—
Network 2.09 (1.07-4.16)  Moderate ot
0.01 0.1 1 10 100
Favors [control]  Favors [experimental]
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Taipei Municipal Wanfang Hospital ( Managed by Taipei Medical University )

Successful stone removal (overall)

ﬁ

P -value for
Network Type of Quality of
Comparison consistency  estimate OR (95% Crl) evidence Forest plot
Direct 0.41 (0.13-0.81) Moderateb —e—
EPBD vs. EST P=0.445 Indirect 1.13 (0.05-13.77)  LowP
Network 0.45 (0.18-0.83) Moderate ——
Direct 1.56 (0.51-4.20) Moderateb —re—
ESBD vs. EST P=0.361 Indirect 0.47 (0.03-6.34) Lowb 8
Network 1.32 (0.49-3.00) Moderate ——i
Direct 1.91 (0.37-12.57)  ModerateP 8
ESBD vs. EPBD P=0.457 Indirect 4.04 (0.99-23.13)  LowP —s——
Network 2.91 (1.16-8.87) Moderate —r—
0.01 1 10 100
Favours [control] Favours [experimental]
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Use of mechanical lithotripsy

P value for
Network Type of Quality of
Comparison consistency  estimate OR (95% Crl) evidence Forest plot
Direct 1.60 (1.05-2.37)  Moderateb —
EPBD vs EST P=.046 Indirect 0.43 (0.15-1.42)  LowP —a—
Network 1.37 (0.89-2.09)  Low¢ e
Direct 0.47 (0.28-0.86) Moderate? e
ESBD vs EST P=.071 Indirect 1.56 (0.51-4.54) Lowb —T
Network 0.61 (0.37-1.06) Lows¢ ——i
Direct 0.80 (0.35-1.76)  Moderateb r—Br—
ESBD vs EPBD P=.067 Indirect 0.27 (0.14-0.59)  LowP ——
Network 0.45 (0.25-0.83)  Low¢ ==
001 0.1 1 10 100
Favors [control] ~ Favors [experimental]
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Perforation
P- value for
Network Type of Quality of
Comparison consistency  estimate QR (95% Crl) evidence Forest plot
Direct 0.57 (0.07-3.60) ModerateP A
EPBD vs. EST P=0.004 irect 81%10%
Vs Indirect (4.0%10%-69x107) Very Low «
Network 0.33(0.04-2.00) Very Lowe .
. 3.0x107 .
Direct (2.1 X102 -0.14) High —
ESBD vs. EST P=0.007 ; 3.7x107 "
vs Indirect (0.09-3.9%10™ Very Low¢
0.11 Lowe® -+ *
Network 51 5 105-1.38)
¢ 7.7 x107? _
Direct 2 53x 10 Very Lowef "
_ - 8.7 %107 _
ESBD vs. EPBD P=0.007 Indirect (6.6 %107 -032) Moderate <
Network 0.33(0.01-6.41) Very Lowe < +
Significant network inconsistency was identified 0.01 0.1 ! 10 100
Favours [experimental] Favours [control]

(Rare perforation events across studies)
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t

Bleeding
P- value for
Network Type of Quality of
Comparison consistency estimate OR (95% Crl) evidence Forest plot
Direct 0.03 (0.002-0.16) High -~
EPBD vs. EST P=0.183 Indirect 0.71(0.007-99.66) Very Low< « >
Network 0.06 (0.008-0.23) High e
Direct 0.69 (0.18-3.27) Moderateb —t—
ESBD vs. EST P=0.074 . 0.009 Low -
Indirect (37103 -0.95)
Network 0.49 (0.12-1.63) Lowd p—————1
Direct 0.97 (0.06-16.23) Lowbf :
ESBD vs. EPBD P=0.031 indirect 20 Moderatec —_a
NAITEC (456 -4.7 x 109)
Network 8.43(1.57-73.31)  Lowd +
0.01 0.1 1 10 100

Favours [experimental]

Favours [control]
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Post-ERCP pancreatitis

P- value for
Network Type of Quality of
Comparison consistency  estimate QR (95% Crl) evidence Forest plot
Direct 1.60 (0.85-2.91) Lowab —e—
EPBD vs. EST P=0.435 Indirect 0.74 (0.10-5.19)  LowP s
Network 1.49 (0.84-2.59) Low e
Direct 0.82 (0.31-2.10) Moderateb Coee
ESBD vs. EST P=0.423 Indirect 1.75 (0.31-9.84) Very LowP 8
Network 1.00 (0.44-2.21) Moderate e
Direct 1.05 (0.26-4.15) ModerateP —a—
ESBD vs. EPBD P=0.393 Indirect 0.48 (0.15-1.65)  Very LowP —e——
Network 0.67 (0.28-1.64) Moderate ——
001 0.1 1 10 100
Favours [experimental] Favours [control]
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leltatlons — Potential Bias

* Some of the included studies were not conducted under the
consensus guideline definition of adverse events after ERCP

* The extent (minor or major) of sphincterotomy
* Different degrees and durations of balloon dilatation

* Significant inconsistency between direct and indirect evidence
was identified in post-ERCP bleeding and perforation

— Extremely low incidence
— A relatively small number of studies have compared ESBD with EPBD
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Conclusion

 ESBD vs. EPBD:

— Higher successful rate of stone removal
(in overall and the first endoscopic session)

— Mechanical lithotripsy was less frequently
— Higher risk of bleeding
— Tended less post-ERCP pancreatitis
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THANK YOU!




TABLE 1. Baseline patient and lesion characteristics of the included studies “

First author

:’ 'I!‘d and reference Publication Study
" ho. year Country  period Comparison No. of patients Age (y) mean + SD Male (%)
Minami™” 1995 Japan 1992-1994 EST vs EPBD  EST: 20 EPBD: 20 EST: 71.3 £ 14.0 EPBD: 64.0 + 11.2  EST: 45.0 EPBD: 65.0
Bergman™* 1997 Netherlands 1993-1994 EST vs EPBD EST: 101 EPBD: 101 EST: median 71 (range, 29-96) EST: 44.6 EPBD: 42.6
EPBD: median 72 (range, 27-98)
Ochi** 1999 Japan 1994-1997 EST vs EPBD  EST: 55 EPBD: 55 EST: 66.3 + 14.3 EPBD: 626 + 159 EST: 31/55 (56.4%)
EPBD: 34/55 (61.8%)
Arnold™ 2001 Germany NA EST vs EPBD  EST: 30 EPBD: 30 EST: 58.5 + 185 EST: 43.3 EPBD: 36.7
EPBD: 54.2 £ 185
Yasuda® 2001 Japan 1998-1999 EST vs EPBD  EST: 35 EPBD: 35 EST: 69.4 (range, 43-88) EST: 60.0 EPBD: 45.7
EPBD: 69.5 (range, 42-86)
Natsui™® 2002 Japan 1997-2000 EST vs EPBD  EST: 70 EPBD: 70 EST: 67.1 (range, 38-88) EST: 47.1 EPBD: 47.1
EPBD: 64.5 (range, 23-87)
Fujita""'_' 2003 Japan 2000-2001 EST vs EPBD EST: 144 EPBD: 138 EST: 68.4 (range, 31-93) EST: 63.9 EPBD: 54.3
EPED: 66.8 (range, 26-93)
Vlavianos ™ 2003 UK. 1995-1999 EST vs EPBD EST: 99 EPBD: 103 EST: 61.9 + 4.5 EPBD: 60.8 + 4.2 EST: 35.4 EPBD: 24.3
Disario” 2004 us. 1995-1997 EST vs EPBD EST: 120 EPBD: 117 EST: 54 4+ 19 EPBD: 47 £+ 19 EST: 25.8 EPBD: 35.0
Lin™ 2004 Taiwan 2001 EST vs EPBD  EST: 53 EPBD: 51 EST: 65 (range, 28-88) EST: 58.5 EPBD: 54.9
EPBD: 64 (range, 28-90)
Takezawa™" 2004 Japan 1998-2002 EST vs EPBD  EST: 45 EPBD: 46 EST: median 69 (range, 41-93) EST: 66.7 EPBD: 69.6
EPBD: median 70 (range, 40-90)
Tanaka™' 2004 Japan 1996-1998 EST vs EPBD  EST: 16 EPBD: 16 EST: 70.6 (range, 49-87) EST: 81.3 EPBD: 62.5
EPBD: 67.2 (range, 50-78)
Heo 2007 Korea 2004-2005 EST vs ESBD EST: 100 ESBD: 100 EST: 62.8 + 15.7 ESBD: 64.4 + 128 EST: 50.0 ESBD: 48.0
Watanabe™ 2007 Japan 1996-2004 EST vs EPBD  EST: 90 EPBD: 90 EST: 70.2 & 8.1 EPBD: 69.1 £ 13.1 EST: 54.4 EPBD: 56.7
Kim** 2009 Korea 2006-2008 EST vs ESBD  EST: 28 ESBD: 27  EST: 69.8 + 9.2 ESBD: 703 + 8.7 EST: 39.3 ESBD: 37.0
Stefanidis™ 201 Greece 2005-2009 EST vs ESBD  EST: 45 ESBD: 45 EST: 68.2 & 189 ESBD: 694 + 178  EST: 48.9 ESBD: 53.3
Oh™ 2012 Korea 2010-2011 EST vs EPBD  EST: 43 EPBD: 40 EST: 68.7 + 12.9 EPBD: 723 £+ 95 EST: 53.5 EPBD: 50.0
Fu"’ 2013 China 2011-2012 EST vs EPBD EST: 103 EPBD: 103 EST: 60.5 + 14.7 EPBD: 61.8 + 174  EST: 50.5 EPBD: 43.7
Hwang™ 2013 Korea Since 2009 EPBD vs ESBD EPBD: 62 ESBD: 69 EPBD: 704 + 109 EPBD: 37.1 ESBD: 47.8
ESBD: 68.2 £ 105
Qian™ 2013 China 2008-2012 EST vs ESBD  EST: 69 ESBD: 63 EST: 684 + 22.8 ESBD: 67.3 + 234  EST: 52.2 ESBD: 50.8
Teoh™ 2013 China  2005-2011 EST vs ESBD  EST: 78 ESBD: 73 EST: 73.0 4+ 134 EST: 51.3 ESBD: 43.8
ESBD: 716 + 148
Li*? 2014 China 2008-2011 EST vs ESBD EST: 227 ESBD: 228 EST: 60.6 + 16.6 ESBD: 61.8 &+ 16.7 EST: 37.8 ESBD: 41.4
Seo”! 2014 Korea 2006-2012 EST vs EPBD  EST: 70 EPBD: 62 EST: 33.2 4+ 5.8 EPBD: 321 £ 7.3 EST: 45.7 EPBD: 43.5
Guo™ 2015 China 2011-2013 EST vs EPBD  EST: 85 EPBD: 85 EST: 59 + 16 EPBD: 62 + 17 EST: 50.6 EPBD: 52.9
vs ESBD ESBD: 85 ESBD: 63 & 16 ESBD: 54.1
Cheon™ 2017 Korea 2013-2015 EPBD vs ESBD EPBD: 42 ESBD: 44 EPBD: 710 £ 124 EPBD: 50.0 ESBD: 54.5

ESBD: 71.7 = 10.1
I _ N ...
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TABLE 1. Baselin TABLE 1. Continued

First author Inclusion
and reference criteria of Diameter of CBD (mm) Peripapillary No. of CBD stones median Diameter of CBD stone (mm)
no. CBD stones mean + SD diverticulum (%) (range) or mean % SD mean * SD
Minami*” Any stone NA NA NA NA
Bergman™* Any stone NA EST: 14.9 EPBD: 21.8 EST: median 1 (range, 1-15) EST: median 9 (range, 4-27)
EPBD: median 2 (range, 1-14) EPBD: median 10 (range, 3-36)
Ochi** Any stone NA EST: 14/55 (25.5%) EST: 1.7 £ 1.2 ESBD: 2.1 +£ 1.9 EST: 8.8 4+ 4.2 ESBD: 8.1 &+ 34
EPBD: 19/55 (34.5%)
Arnold™* <20 mm, <5 NA EST: 1.8 + 1.5 EPBD: 1.6 + 1.1 EST: 10 + 4.7 EPBD: 7 + 3.5
stones
Yasuda” Any stone EST: mean 14.7 (range, 6-30) NA EST: 3.3 (range, 1-16) EST: 12.3 (range, 5-24)
EPBD: mean 15.1 (range, 6-30) EPBD: 3.7 (range, 1-16) EPBD: 12.4 (range, 4-24)
Natsui™® Any stone MNA EST: 61.4 EPBD: 54.3 EST: 2.6 (range, 1-15) EST: 9.7 (range, 3-17)
EPBD: 2.7 (range, 1-15) ESBD: 9.2 (range, 3-22)
Fujita"“'_' <14 mm  EST:12.7 = 4.1 EPBD: 11.8 + 3.8 EST: 45.1 EPBD: 42,0 EST: 24 + 29 EPBD: 24 + 2.5 EST: 7.3 £+ 3.4 EPBD: 7.0 + 3.1
Any stone NA NA NA NA
Vlavianos Any stone EST: median 10 (range, 1-25) NA EST: median 1 (range, 1-10) EST: median 5 (range, .5-14)
Disario” EPBD: median 10 (range, 4-20) EPBD: median 1 (range, 1-100) EPBD: median 6 (range, .5-10)
Lin** <20 mm NA EST: 37.7 EPBD: 41.2 NA EST:8 4+ 6
EPBD: 8 + 6
Takezawa™’ Any stone EST: median 16 (range, 8-32)  EST: 42.2 EPBD: 34.8 EST: median 1 (range, 1-7) EST: median 11 (range, 3-27)
EPBD: median 14 (range, 9-28) EPBD: median 1 (range, 1-7) EPBD: median 10 (range, 1-35)
Tanaka®' Any stone NA EST: 37.5 EPBD: 50.0 EST: median 2 (range, 1-4) EST: 12.4 + 6.0 EPBD: 10.2 + 35
EPBD: median 2 (range, 1-12)
Heo <40 mm INA EST: 45,0 ESBD: 49.0 EST: 2.2 + 1.9 ESBD: 2.7 + 2.7 EST: 15.0 4 .7 ESBD: 16.0 £ .7
Watanabe™ Any stone NA EST: 389 EPBD: 42.2 EPBD: 2.5 £ 2.7 ESBD: 2.7 + 28 EPBD: 7.7 + 2.9 ESBD: 8.1 £+ 3.2
Kim** 15-50 mm  EST: 205 + 5.7 ESBD: 214 + 63 EST: 35.7 ESBD: 33.3 EST: 23 + 1.2 ESBD: 2.2 + 1.3 EST: 21.3 + 5.2 ESBD: 20.8 + 4.1
Stefanidis™ 12-20 mm  EST: 16.5 + 4.2 ESBD: 16.8 + 3.7 NA NA NA
Oh* >10 mm EST: 18.2 = 4.6 EPBD: 180 + 43 EST: 39.5 EPBD: 57.5 NA EST: 13.1 £ 3.9 EPBD: 13.2 +£ 36
Fu'” <12 mm EST: 126 + 3.1 EPBD: 127 + 2.8 NA EST: 1.9 + 14 EPBD: 2.2 + 1.4 EST: 7.7 + 2.4 EPBD: 84 + 2.7
Hwang™ =12 mm EPBD: 20.5 + 44 EPBD: 53.2 ESBD: 55.1 EPBD: 2.3 + 1.6 ESBD: 28 + 1.8 EPBD: 15.7 £+ 3.3
ESBD: 21.4 + 4.6 ESBD: 16.5 + 4.2
Qian™ 15-50 mm  EST: 21.5 + 6.5 ESBD: 224 + 73 EST: 30.4 ESBD: 30.2 EST: 23 + 1.3 ESBD: 2.2 + 1.2 EST: 20.3 + 5.3 ESBD: 206 £ 54
Teoh™ >13 mm EST: median 15 (range, 13-50) NA NA EST: 13.3 (range, 5-40) ESBD:
ESBD: median 15 (range, 13-30) 12.5 (range, 5-35)
1L <30 mm EST: 12.7 + 3.5 ESBD: 13.2 + 3.7 EST: 44.3 ESBD: 40.1 NA NA
Seo” ! <12 mm MNA MA EST:1.8 (range, 1-8) EPBD: 1.5 (range, 1-5)  EST: 7.6 + 3.1 EPBD: 7.2 £ 2.1
Guo™ =10 mm EST: median 12 (range, 11-40)  EST: 31.8 EPBD: 30.6 NA EST: median 10 (range, 10-40)
EPBD: median 12 (range, 11-30) ESBD: 54.1 EPBD: median 10 (range, 10-30)
ESBD: median 12 (range, 11-30) ESBD: median 10 (range, 10-30)
Cheon™” 12-34 mm EPBD: 158 + 36 EPBD: 50.0 ESBD: 65.9 EPBD: 2.6 + 6.9 ESBD: 26 + 2.3 EPBD: 144 + 3.3 ESBD: 140 £+ 2.1

ESBD: 16.1 = 3.2
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TABLE 2. Procedural outcomes and adverse events of the included studies

ot 3k First author

Taipei M

No. of sessions

Diameter required for complete
and of the Duration of the stone removal
reference Publication  balloon (mm) balloon dilatation  Use of mechanical Procedure time (min) Median (range) or
number year mean + SD (s) lithotripsy (%) mean + SD mean = SD
Minami™* 1995 8 Within 180 NA EST: 42 + 16 EPBD: 63 + 24  EST: 1.35 + .48 ESBD:

1.35 + 48
Bergman’” 1997 Range, 45-60 EST: 12.9 EPBD: 30.7 MNA MNA
Ochi** 1999 8 60, 3 times (total EST: 2/55 (3.7%) NA NA
dilatation time: 180) EPBD: 7/55 (13.7%)
Arnold™® 2001 8 60, 2 times (total NA EST: 17 = 12 EPBD: 29 + 15 NA
dilatation tirme: 120)
Yasuda” 2001 8 60, 2 times (total EST: 25.7 EPBD: 48.6 NA MNA
dilatation time: 120)
Natsui’® 2002 8 120 EST: 38.6 EPBD: 414 NA EST: 1.4 (range, 1-4)
ESBD: 1.7 (range, 1-5)
Fujita™” 2003 range, 4-8 15 EST: 11.8 EPBD: 14.5 NA EST: 1.3 (range, 1-4)
EPBD: 1.3 (range, 1-4)
Vlavianos ™ 2003 10 30 NA NA NA
Disario” 2004 >8 60 NA EST: 42 & 19 EPBD: 47 + 25 NA
Lin™ 2004 Range, 10-12 Range, 120-600 EST: 3.8 EPBD: 20  EST: 45 + 3 EPBD: 44 + 3 NA
Takezawa™’ 2004 8 120 EST: 31.1 EPBD: 34.8 EST: 37.2 + 124 NA
EPBD: 374 + 13.0
Tanaka"' 2004 8 120 EST: 37.5 EPBD: 50.0 EST: 16 + .7
EPBD: 14 + .7
Heo'' 2007 Range, 12-20 60 EST: 9.0 ESBD: 8.0 NA EST: 1.15 + .39
ESBD: 1.12 + 36
Watanabe™* 2007 8 120 EST: 64.4 EPBD: 84.4 NA NA
Kim* 2009 Range, 15-18 NA EST: 32 ESBD: 33 EST: 19 4+ 13 ESBD: 18 4+ 12 EST: 1.31 £ .71 ESBD:
127 + 53
Stefanidis™* 2011 Range, 15-20 Range, 10-12 EST: 100.0 ESBD: .0 A, NA C, NA NA
Oh™ 2012 118 (range, 10-15)  31.3 (range, 10-60)  EST: 20.9 EPBD: 10.0 A 45+ 3B, 44+ 3 NA
Fu®’ 2013 Range, 10-12 60, 3 times (total EST: .0 EPBD: .0 EST: 9.0 + 4.9 NA
dilatation time: 180) EPBD: 99 & 5.2
Hwang ™ 2013 EPBD: 159+ 2.3 60 EPBD: 16.1 ESBD: 21.7 NA NA
ESBD: 162 + 2.5
Qian™ 2013 Range, 12-20 30 EST: 24.6 ESBD: 7.9 EST: 159 + 8.8 EST: 1.23 £ 45 ESBD:
ESBD: 145 + 84 1.14 + 36
Teoh™ 2013 <15 30 EST: 46.2 ESBD: 28.8 EST: 27.2 + 169 EST: 1.12 + .32 ESBD:
ESBD: 243 + 12.9 1.08 + .28
L 2014 NA 60 EST: 35.2 ESBD: 12.3 EST: 47.1 + 20.2 NA
ESBD: 38.6 + 15.5
Seo” 2014 Range, 6-10 Range, 90-120 EST: 8.6 EPBD: 8.1 NA MNA
Guo™’ 2015 Range, 10-15 NA EST: 9.4 EPBD: 14.1 EST: 20 + 11 EPBD: 22 4+ 10 NA
ESBD: 8.2 ESBD: 20 + 10
Cheon™ 2017 =12 30 EPBD: 21.4 ESBD: 13.6 EPBD: 10.8 + 6.9 NA
ESBD: 10.6 + 5.7
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TABLE 2. Procec TABLE 2. Continued

e

Use of consensus
' ’ 4 3t Firstauthor Successful stone Use of consensus criteria for
TaipeiM ~ and removal rate in Overall successful criteria for assessment of Post-ERCP
reference the first session stone removal rate assessment of Bleeding Perforation post-ERCP pancreatitis
number (%) (%) bleeding (%) (%) pancreatitis (%)
Minami™ NA EST: 100.0 NA EST: .0 EPBD: .0 NA NA EST: 10.0 EPBD: 10.0
EPBD: 100.0
Bergman** EST: 91.1 EPBD: 80.2  EST: 91.1 EPBD: 89.1 Yes EST: 4.0 EPBD: .0  EST: 1.0 EPBD: 2.0 Yes EST: 6.9 EPBD: 6.9
Ochi** EST: 51/55 (94.4%) EST: 98.1 EPBD: 92.7 Yes NA EST: 1/55 (1.8%) Yes EST: 3.6 EPBD: .0
EPBD: 40/55 (78.4%) EPBD: 0/55 (.0%)
Arnold ™ EST: 1000 EPBD: EST: 100.0 EPBD: 76.7 NA EST: 6.7 EPBD: .0 NA Yes EST: 10.0 EPBD: 200
76.7
Yasuda® EST: 100.0 EPBD: EST: 100.0 EPBD: 100.0 NA EST: 2.9 EPBD: .0 EST: .0 EPBD: .0 NA EST: 5.7 EPBD: 5.7
100.0
Natsui’® EST: 70.0 EPBD: 58.6  EST: 98.6 EPBD: 92.9 Yes EST: 2.9 EPBD: .0 EST: .0 EPBD: .0 Yes EST: 4.3 EPBD: 5.7
Fuiita'!"_' EST: 78.5 EPBD: 76.1  EST: 100.0 EPBD: 99.3 Yes EST: 1.4 EPBD: .0 EST: .0 EPBD: .0 Yes EST: 2.8 EPBD: 109
Vlavianos ™ EST:63.6 EPBD: 63.1  EST: 86.9 EPBD: 87.4 MNA MNA NA NA EST: 1.0 EPBD: 4.9
Disario” EST: 92.5 EPBD: 88.0 NA Yes EST: .0 EPBD: .0 EST: .8 EPBD: .0 No EST: .8 EPBD: 15.4
Lin™ EST: 88.7 EPBD: 86.3  EST: 100.0 EPBD: 94.1 No EST: 264 EPBD: 20  EST: .0 EPBD: .0 No EST: .0 EPBD: .0
Takezawa™ EST: 100.0 EPBD: EST: 100.0 EPBD: 100.0 Yes EST: .0 EPBD: .0 EST: .0 EPBD: .0 Yes EST: .0 EPBD: O
100.0
Tanaka"' EST: 56.3 EPBD: 68.8  EST: 100.0 EPBD: 100.0 Yes EST: .0 EPBD: .0 EST: .0 EPBD: .0 Yes EST: 188 EPBD: 188
Heo'' EST: 87.0 ESBD: 83.3  EST: 98.0 ESBD: 97.0 Yes EST: 2.0 ESBD: .0 EST: .0 ESBD: .0 Yes EST: 4.0 ESBD: 4.0
Watanabe™* EST:57.8EPBD: 72.2  EST: 95.6 EPBD: 86.7 Yes EST: 1.1 EPBD: .0 EST: .0 EPBD: .0 Yes EST: 2.2 EPBD: 10.0
Kim™* EST: 82.1 ESBD: 85.2  EST: 100.0 ESBD: 100.0 Yes EST: 7.1 ESBD: 148 EST: .0 ESBD: 0 Yes EST: .0 ESBD: .0
Stefanidis"* EST: 91.1 ESBD: 97.8  EST: 91.1 ESBD: 97.8 Yes EST: 2.2 ESBD: 2.2 EST: 2.2 ESBD: .0 Yes EST: 2.2 ESBD: 2.2
Oh™ EST:81.4 EPBD: 82.5  EST: 95.3 EPBD: 97.5 Yes EST: .0 EPBD: .0 EST: .0 EPBD: 2.5 No EST: 7.0 EPBD: 5.0
Fu®’ EST: 72.8 EPBD: 91.3 NA Yes EST: 2.9 EPBD: .0 EST: .0 EPBD: .0 No EST:12.5 EPBD: 3.4
Hwang"* EPBD: 91.9 ESBD:  EPBD: 96.8 ESBD: 95.7 Yes EPBD: .0 ESBD: .0  EPBD: .0 ESBD: 1.4 Yes EPBD: 6.5 ESBD: 4.3
94.2
Qian™ EST: 60.9 ESBD: 81.0  EST: 91.3 ESBD: 95.2 Yes EST: .0 ESBD: .0 EST: 1.4 ESBD: .0 Yes EST: 8.7 ESBD: 6.3
Teoh™ EST: 88.5 ESBD: 89.0  EST: 100.0 ESBD: 97.3 Yes EST: .0 ESBD: 1.4  EST: 2.6 ESBD: .0 Yes EST: 3.8 ESBD: 2.7
Li*° EST: 71.4 ESBD: 87.7  EST: 94.7 ESBD: 97.4 Yes EST: 5.3 ESBD: 1.8 EST: .0 ESBD: 0 Yes EST: 6.6 ESBD: 5.3
Sen’ EST:91.4 EPBD: 91.9  EST: 100.0 EPBD: 98.4 Yes EST: 2.9 EPBD: .0 EST: 1.4 EPED: .0 Yes EST: 7.1 EPBD: 8.1
Guo™ EST: 929 EPBD: 91.8  EST: 92.9 EPBD: 91.8 Yes EST: 1.2 EPBD: 1.2 NA Yes EST: 2.4 EPBD: 2.4
ESBD: 96.5 ESBD: 96.5 ESBD: 1.2 ESBD: 2.4
Cheon™” EPBD: 95.2 ESBD: EPBD: 97.6 ESBD: Yes EPBD: 24 ESBD: 23  EPBD: .0 ESBD: .0 Yes EPBD: 7.1 ESBD: 114
97.7 100.0

e —e:i GBS
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