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Efficacy and safety of SpyGlass treating difficult bile duct stones:
a Meta-analysis*

Jun-hong Chen, Li-jia Wen, Kai Liu
(Department of Hepatopancreatobiliary Surgery, the First Hospital of Jilin University,
Changchun, Jilin 130012, China)

Abstract: Objective To evaluate the efficacy and safety of SpyGlass, in addition, to compare the efficacy of
first/second-generation SpyGlass, electrohydraulic and laser lithotripsy in treating difficult bile duct stones.
Methods Several Chinese and English databases were searched up to February 2021. The methodological quality of
studies was evaluated by Newcastle-Ottawa Scale (NOS) and JADAD scale, and random-effects models were used
to calculate the pooled estimates. Important outcomes were complete stone clearance rate, single-session stone
clearance rate, stone removal times and adverse events rate. Results 37 studies met the inclusion criteria, involving
3 728 patients. The complete stone clearance rate was 0.947 (95%CI: 0.920 ~ 0.970), the single-session stone
clearance rate was 0.747 (95%CI: 0.682 ~ 0.807), the stone removal times was 1.10 (95%CI: 1.080 ~ 1.120), and the
adverse events rate was 0.065 (95%CI: 0.046 ~ 0.087); The second-generation SpyGlass is superior to the first-
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generation SpyGlass in the complete/single-session stone clearance rate and the stone removal times (97.3% vs

92.2%, 80.3% vs 67.8%, 1.03 vs 1.27); Electrohydraulic lithotripsy is superior to laser lithotripsy in the complete/

single-session stone clearance rate, the stone removal times and the adverse events rate (97.8% vs 91.0%, 80.4% vs
70.1%, 1.06 vs 1.19, 6.5% vs 7.8%). Conclusion SpyGlass is a safe and effective treatment for difficult bile duct

stones when conventional stone removal has failed, the second-generation SpyGlass combined with laser lithotripsy

may get a better effect.

Keywords: Meta-analysis; SpyGlass; cholangioscopy; choledocholi-thiasis; lithotripsy
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Table 1 Basic characteristics of included studies
=4 RFAFAY WFTHIX it BRI BEARR SpyGlass 28 WAL 1F4M4
BUXBAUM &5 20184 FEH LN RCT 42 i ot 4
LI 2021 4 GRS gy RCT 157 —/—4% o 4
FISHMAN ' 2009 4 e Z il [m] st e 128 —1% Wikh 4
CHEN 4 2011 4F g 2l i 297 —ft Pifh 4
DRAGANQV 2l 20114F EgH LN ARG 75 —fR Fikh 3
MAYDEO %! 20114 Iz gy 33 64 —ft ot 4
KALAITZAKIS %' 20124F B [E ZHil (5] gt P 165 i L 4
SEPE %" 20124F ESE ey (a4 13 —R HEGEN 4
ALAMEEL 212 2013 4F JIIEDN LN [l st 30 i TR 4
ALJEBREEN 45211 2014 4F S TERA(E Hrgy Il i 13 —f iGN 6
PATEL % 20144F % ZHl mites 69 = ot 4
ADLER %5 20154 ESE Zu E)uEs 224 —ft T 4
TIEU 5524 20154F e FLHL mites 88 =i G 4
EHHFEAER) 20154F | bty RCT 37 —ft ot 5
BHANDART 252! 20164F ENRE LN [ml e 34 i ot 4
KURTHARA 427 20164F H A EZ N i 148 —ft Pikh 4
NAVANEETHAN 251281 20164F L Zu [ml a4 105 —ft ot 4
BREWER %! 20184F Z [ ZHl (el gt 407 iy PR 4
LALEMAN 4801 2017 4E LEFIESS LN HTHETE 84 = W 4
MIZRAHI %P1 20184 ESH gy mUEdE 198126 —/—AQ T 6
OGURA % 2017 4F B LN ARG 55 —fR G 4
SHAH %5 20174 XH Zls [l JEsi e 108 —fR P 4
WONG 45 20174F | BAHL HTHETE 17 i o' 4
FRANZINT %) 20184F ELPE gy RCT 48 —ft T 5
KAMIYAMA %8¢ 2018 4F RN Hrpgy [m] e 42 —ft THL 4
SANDHA &7 20184 JIE-N gy [ml e 51 —/ZAR T 4
TUROWSKI % 20184F T Zrhs [m] a4 206 —fR Wi 4
VICENTE %! 20184 THYES gy E)ues 93 —f T 6
ANG S 20194F ik A [m] s e 47 —/ At ot 4
ANGSUWATCHARAKON ZH11 2019 4F R gy RCT 32 At Hot 5
CANENA 22 20194 4 ZH ARG 17 =t Wifh 4
MAYDEO %! 20194F ZH Zu jlif]5yé3 156 —I—fR PR 4
YAN £ 20194 ESH A [l s P 50 v THL 4
BANG 43 20204 S HLrL RCT 66 —fR ot 5
BOKEMEYER %! 20204F T Zrhs (5] a4 60 v Wi 4
MURABAY ASHI %7 20204F H A Harpgy E)ugEs 32 —ft T 6
E Gl 20204F i s [l g 144 —i ot 4




i NS ¥ 27 %
Study Events Total Proportion 95%:-Cl Weight
FISHMANZE(2009) 41 41 — 1l 41.000 [0.914; 1.000] 3.1%
CHEMZE(2011) &1 66 —— 0.924 [0.832; 0.975] 3.4%
DRAGAMOVIE(2011) 24 26 — . 0.9232 [0.749; 0.991] 2 6%
MAYDECQZE(2011) =] =] = 1.000 [0.940; 1.000] 3.4%
AL AITZAKISZE(2012) 24 23 —_— 0.727 [0.545; 0.867] 2. 9%
SEPEZE(2012) 10 13 0759 [0.462; 0.950] 1.9%
ALAMEELZE(2013) 2] 10 0.900 [0.555; 0.997] 1.6%
ALIEBREEMZE(Z014) 13 13 — 1.000 [0.7532; 1.000] 1.9%
PATELZE(2014) 67 59 —H 0.971 [0.899; 0.9965] 3.5%
TIEUZE(2015) 13 13 — 1.000 [0.753; 1.000] 1.9%
FIRFESE(2015) a7 20 0.850 [0.621; 0.968] 2. 3%
BHAMNDARIZE(2016) 34 34 — 1.000 [0.897; 1.000] 2. 9%
KURIHARAZSE(2016) 23 31 0.742 [0.554; 0.881] 2. 8%
MAVANMEETHAMNZE(2016) 31 31 — - 41 000 [0.888:; 1 000] 2 8%
BREWERSZE(Z018) 396 407 = 0.973 [0.952; 0.986] 4.2
BUXBALUMES(2018) 29 42 — 0.929 [0.805; 0.985] 3.1%
LALEMAMZE(Z017) 3z 20 —,——— 0.821 [0.665; 0.925] 3.0%
MIZRAHIZE(2018) 70 94 ——— 0.745 [0.644; 0.829] 3.7%
OGURAZZ(2017) 13 13 —— = 41 000 [0753; 1 000] -1
SHAHZE(2017) 19 19 — 1.000 [0.824; 1.000] 2. 3%
WOMNGEE(2017) 16 7 —_— - 0.941 [0.713; 0.999] 2 2%
FRAMZIMIZE(2018) 40 a7 — . 0.851 [0.717; 0.928] 3.2%
FAMIYAMAZSE(2018) 41 42 —H 0.976 [0.874; 0.999] 3.1%
SANDHAZE(2018) AT 51 —— 0.922 [0.811; 0.978] 3 2o
TUROWSKIZE(2018) 41 45 — 0.911 [0.728; D.975] 3.1%
VICEMNTEZE(2018) 29 21 —-— 0.925 [0.786; 0.992] 2 8%
AMNGEE(2019) 26 28 — - 0.929 [0.765; 0.991] 2 %
AMNGSUWAT CHARAKONZE(2019) 16 16 — = 41 000 [0794; 1 000] 2 1%
CANEMAZE(2013) 14 14 = 1.000 [0.768; 1.000] 2 0%
MAYDEQSE(2019) 136 156 —.— 0.872 [0.809; 0.920] 3.9%
YAMNZEE(2019) 19 21 —_— . 0.905 [0.696; 0.988] 2 4%
BAMNGZEE(2020) 33 33 — 1.000 [0.894; 1.000] 2 9%
BOKEMEYERZE(2020) 57 60 —,— 0.950 [0.861; 0.990] 3 494
LIZE(2021) 72 78 —— 0.923 [0.840; 0.971] 3 6%
MURABAYASHIZE(2020) 7 7 — 1.000 [0.805; 1.000] 2. 2%
TRaFESs(2020) 19 19 —= 1.000 [0.824; 1.000] 2 2%
Random effects model 1749 i 0.947 [0.920; 0.970] 100.0%
Heterogeneity: #~ = T3%, T° = 0.0144, p < 0.01 g = ; ; ! 1
05 06 07 08 09 -
B2 #AZEBERESHOZRWE
Fig.2 Forest plot of pooled complete stone clearance rate

Study Events Total Proportion 95%-Cl Weight
FISHMARNEE(2009) 37 41 P 0.902 [0.769;0.973] 3204
CHEMNZE(2011) A7 66 —i— 0.712 [0.587;0.817] 3.4%
DRAGANCOVEE(2011) 22 286 — = 0.846 [0.651;0.956] 3.0%
MAYDEOZE(2011) 50 60 . 0.833 [0.715; 0.917] 3.4%
KALAITZAKISZEE(2012) 14 33 —— H 0.424 [0.255;0.608] 3.1%
SEPESE(2012) 7 13 — 0.538 [0.251; 0.808] 2.4%
ALAMEELSE(2013) g 10 — i 0.800 [0.444; 0.975] 2.2%
ALIEBREEMZE(2014) 10 13 —— 0769 [0.462; 0.950] 2. 4%
PATELZE(2014) 51 59 — = 0.739 [0.619; 0.837] 3.5%
TIEUZE(2015) 10 13 — 0.769 [0.462; 0.950] 2.4%
BHAMNDARIZE(2016) 32 34 P 0.941 [0.803; 0.993] 31%
KURIHARASE(Z016) 3 31 I— : 0.097 [0.020; 0.258] 31%
MNAVANEETHAMNZE(2016) 27 31 —— 0.871 [0.702; 0.964] 31%
BREWERZE(2018) 315 407 - 0774 [0.730; 0.814] 3.8%
BLXBAUMEE(2018) 12 42 —i— | 0.286 [0.157; 0.446] 3.3%
LAL EMANEZE(2017) 26 39 — 0.667 [0.498; 0.809] 3.2%
MIZRAHIZE(2018) 70 94 —— 0.745 [0.644; 0.829)] 3.6%
OGURAZE(2017) 13 13 o 1.000 [0.753; 1.000] 2 4%
SHAHZE(2017) 17 19 — 0.895 [0.669; 0.987] 2 7%
WORNGEE(2017) 10 17 — 0.588 [0.329; 0.816] 2 7%
FRAMNZINIZEE(2018) 37 43 — = 0771 [0.627;0.880] 3.3%
TUROWSKIEE(2018) 24 61 —— i 0.393 [0.271,; 0.527] 3.4%
VICENTEEE(2018) 20 31 — 0.645 [0.454; 0.808] 3.1%
AMGEE(2019) 23 28 — 0.821 [0.631;0.939] 3.0%
AMNGSUWATCHARAKOMNSEE(2019) 16 16 P — 1.000 [0.794; 1.000] 2 6%
CAMNEMAZE(2019) 13 14 —'—'— 0.929 [0.661; 0.998] 2 5%
MAYDEOZE(2019) 125 156 - 0.8071 [0.730;0.861] 327%
YAMNZE(2019) 12 21 —E— 0.571 [0.340; 0.782)] 2.8%
BANGEE(2020) 31 33 ;o 0.939 [0.798, 0.993] 31%
BOKEMEYERSZE(2020) 50 60 — 0.833 [0.715; 0.917] 3.4%
LIZE(2021) E5 78 - 0.8332 [0.732; 0.908] 3.5%
MURABAYASHIZE(2020) 11 17 ——— 0.647 [0.383; 0.858) 2.7%
FrAHESE(2020) 14 19 —— 0.737 [0.488; 0.909)] 2T%
Random effects model 1653 == 0.747 [0.682; 0.807] 100.0%

Heterogeneity: I~ = 86%, T° = 0.0318, p < 0.01

[ I T T 1
0.2 0.4 0.6 0.8 1

3 ZERBRBRESHHIZRM
Fig.3 Forest plot of pooled single—session stone clearance rate
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Study Mean MRAW 95%%-Cl1 Weight
FISHMANZE(2009) 1.10 [1.01;1.19] 3. 9%
CHEMNZE(2011) - 140 [1.23; 1.57] 1.5%
DRAGANOWES(2011) - 1.10 [0.95; 1.25] 1.7%
MAYDEOQOZE(2011) 120 [1.10; 1.30} 3.14%
KALAITZAKISEE(2012) o= 1.30 [1.13; 1.47] 1.5%
SEPEZR(2012) = 1.20 [0.98; 1.42] 0.9%
ALAMEELZ(2013) -+ 1.10 [0.21; 1.29] 1.2%
ALJEBREENZ(2014) ——— 1.50 [0.90; 2.10] 0.1%
PATELSES(2014) = 1.20 [1.08; 1.32] 2.7%
BHAMDARIEE(2016) 110 [1.03; 1.17] 5.8%
KURIHARAZ (2016) i~ 1.90 [1.44; 2.36] 0.2%
MNAVANEETHANSS (2016) 1.10 [0.99; 1.21] 3.2%
BREWERZ:(2018) | 1.00 [0.93; 1.07] 5 3%
BUXBAUMZE(2018) [ 1.90 [1.69; 2.11] 1.0%
LALEMANZ(2017) - 1.20 [1.07; 1.33] 2.4%
OGURAZE(2017) : 1.00 [0.99; 1.01] 12.8%
SHAHZE(2017) —— 1.20 [0.98; 1.42] 0.9%
WONGES(2017) =i 1.00 [0.76; 1.24] 0.8%
KAMIYAMASE (2018) - 1.00 [0.85; 1.15] 1.8%
TUROWSKIE=(2018) s 3.00 [2.69; 3.31] 0.5%
ANGEE(2019) b 1.10 [0.99; 1.21] 3.0%
ANGSUWAT CHARAKONSES(2019) : 1.00 [1.00; 1.00] 12.8%
CANEMNASE(2019) —— 1.14 [0.88; 1.40] 0.7%
MAYDEOZ(2019) + 1.10 [1.05; 1.15] 8.1%
YAMNIE(2019) —— 1.37 [1.16; 1.58] 1.0%
BANGEE(2020) : 1.00 [1.00; 1.00] 12.9%
BOKEMEYERSE(2020) * 1.18 [1.05; 1.31] 2.4%
LIE=(2021) : 110 [1.03; 1.17] 5 9%
MURABAYASHIES(2020) =— 1.35 [1.12; 1.58] 0.8%
FAFEZE(2020) -— 1.30 [1.08; 1.52] 0.9%
Random effects model | Ii | | 1.10 [1.08; 1.12] 100.0%

Heterogeneity: 17 = 93%, 2 = 0.0010, p = 0.0}
o: I S 0 1 = 3

B4 BRXHEFHIFRHKE
Fig.4 Forest plot of pooled stone removal times

Study Events Total Proportion 95%-Cl Weight
FISHMAMEE(2009) o 12808 0.000 [0.000; 0.028] 3.2%
CHEMZE(2011) 4 297 & 0.012 [0.004; 0.034] 3.5%
DRAGAMONVEE(2011) 4 75 e 0.053 [0.015; 0.131] 2.8%
MAYDEOZE(2011) =] G4 . 0.125 [0.056; 0.232] 2.7%
KALAITZAKISEE(2012) 16 165 _— 0.097 [0.056; 0.153] 3.3%
SEPEZE(2012) 0 13— 0.000 [0.000; 0.247] 1.3%
ALAMEELZEE(2013) 1 30 = 0.022 [0.001; 0.172] 2.1%
AL IEBREEMEE(2014) 1 13— 0.077 [0.002; 0.360] 1.3%
PATELSZE(2014) 3 69 —=— 0.043 [0.009; 0.122] 2.8%
ADLERZE(2015) 20 224 -_ 0.089 [0.055; 0.135] 3.4%
TIEUZE(2015) 14 28 —a 0.159 [0.090; 0.252] 3.0%
FIRFESE(2015) 5 37 —=— 0.135 [0.045; 0.288] 2.3%
BHAMDARIZE(2016) 5] 34 — 0176 [0.068; 0.345] 2.2%
KURIHARAZE(2016) g 148 = 0.054 [0.024; 0.104] 3.2%
MNAVAMNEETHAMEE(2016) 3 105 &+ 0.029 [0.006; 0.081] 3.1%
BREWERZE(2018) 15 407 = 0.037 [0.021; 0.060] 3.6%
BUXBALUMEE(2018) 4 42 —E— 0.095 [0.027, 0.2256] 2. 4%
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Fig.5 Forest plot of pooled adverse events rate
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Table 2 Subgroup analysis

o i e RTERR S5 B R
SCHRES R P A IHE(95%CT) SCIHkFR AL r A IFHE(95%CT)

Wt

RCT 6 56% 0.939(0.878 ~ 0.983) 5 93% 0.801(0.574 ~ 0.971)

Uk 3 30 75% 0.949(0.917 ~ 0.974) 28 84% 0.737(0.671 ~ 0.800)
SpyGlass 257

SpyGlass 19 79% 0.922(0.864 ~ 0.966) 18 87% 0.678(0.566 ~ 0.782)

SpyGlass DS 14 51% 0.973(0.944 ~ 0.993) 13 84% 0.803(0.709 ~ 0.884)
e ik

TR 14 66% 0.910(0.850 ~ 0.958) 12 61% 0.701(0.611 ~ 0.784)

HOGHEA 12 45% 0.978(0.950 ~ 0.996) 11 86.5% 0.804(0.685 ~ 0.902)
i HUA TREL ANRF R AR

SCHRR AL r B IFE (95%CT) SCHRREL r B IFE (95%CT)

WFaTizit

RCT 4 96% 1.02(1.010 ~ 1.050) 6 36% 0.050(0.022 ~ 0.085)

Uk 3 26 92% 1.21(1.150 ~ 1.280) 31 83% 0.068(0.046~0.093)
SpyGlass 257

SpyGlass 14 83% 1.27(1.170 ~ 1.370) 20 82% 0.062(0.036 ~ 0.093)

SpyGlass DS 13 94% 1.03(1.000 ~ 1.050) 14 7% 0.067(0.037 ~0.103)
a5k

TR 9 84% 1.19(1.070 ~ 1.300) 15 77% 0.078(0.045 ~ 0.117)

O 11 92% 1.06(1.040 ~ 1.090) 12 61% 0.065(0.037 ~ 0.099)
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