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Abstract

Various efforts to improve technical success rates and decrease adverse
event rates have also been described in endoscopic ultrasound (EUS)-guided
choledochoduodenostomy (CDS). In particular, lumen-apposing metal stents
(LAMS) may open novel opportunities in EUS-biliary drainage (BD). To date,
various studies have been reported with EUS-CDS using LAMS, so we should
clarify the benefits and limitations of recent EUS-CDS based on develop-
ments in both techniques and devices. In this review, we provide technical
tips and describe recent developments in EUS-CDS, along with a review of
the recent literature (between 2015 and 2020). The overall technical suc-
cess rate is 95.0% (939/988), and the overall clinical success rate is 97.0%
(820/845). The most frequent adverse event is cholangitis or cholecystitis
(24.5%, 27/110). According to previous review, pneumoperitoneum (28%,
9/34) or peritonitis associated with bile leak (23.5%, 8/34) was most com-
monly observed. This difference might be based on improvements in dilation
devices or the use of covered metal stents. Several randomized controlled tri-
als comparing EUS-CDS and endoscopic retrograde cholangiopancreatog-
raphy (ERCP) for malignant biliary obstruction have recently been reported.
To summarize, overall technical success rates for ERCP and EUS-CDS were
92.7% (101/109) and 91.1% (72/79), respectively (p = 0.788). Overall clini-
cal success rates for ERCP and EUS-CDS were 94.1% (96/102) and 93.6%
(72/78), respectively (p = 0.765). Further high-quality evidence is needed to
establish EUS-CDS as a primary drainage technique.
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(PTBD) is traditionally attempted as an alternative
drainage method, but adverse event rates are report-

The gold-standard treatment technique for bile duct
obstruction is stent deployment under endoscopic ret-
rograde cholangiopancreatography (ERCP) guidance,
and technical success is usually obtained in most
cases. However, failed biliary cannulation is observed
in up to 10% of cases.! Therefore, in cases of failed
biliary cannulation, alternative access methods are
needed. Percutaneous transhepatic biliary drainage

edly relatively high>® In addition, PTBD is an external
drainage method, so quality of life may be decreased.
Recently, clinical impacts of endoscopic ultrasound
(EUS) have been reported with diagnostic modalities
such as fine-needle aspiration (FNA) and treatment
modalities such as biliary drainage (BD). EUS-BD
can be divided into two main approach routes: trans-
gastric or trans-duodenal. As representative procedures,
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EUS-guided hepaticogastrostomy (HGS) can be per-
formed via the trans-gastric route, while EUS-guided
choledochoduodenostomy (CDS) can also be per-
formed via the ftrans-duodenal route. EUS-BD is
indicated for patients who failed ERCP. Normally, if
duodenum approach can be performed, EUS-CDS
may be selected as alternative method. On the other
hand, if patients who are complicated with duodenal
obstruction or surgically altered anatomy, EUS-HGS is
selected. In addition, EUS-guided antegrade stenting
(AG) or EUS-HGS combined with AG is also developed.
However, most suitable indication for these procedures
is still unclear; therefore, further comparison studies are
needed.

Although adverse event rates have frequently been
reported in EUS-BD, various efforts to improve technical
success rates and decrease adverse event rates have
also been described. In particular,lumen-apposing metal
stents (LAMS) may open novel opportunities in EUS-BD.
Because the intrahepatic bile duct is not overly dilated
and the saddle length is short, LAMS may not be suitable
in EUS-HGS procedures. On the other hand, various
studies have been reported with EUS-CDS using LAMS,
so we should clarify the benefits and limitations of recent
EUS-CDS based on developments in both techniques
and devices.

In this review, we provide technical tips and describe
recent developments in EUS-CDS, along with a review
of the recent literature.

OVERVIEW OF RECENT CLINICAL
OUTCOMES OF EUS-CDS

Table 1 shows recent studies regarding EUS-CDS (pub-
lished in the last 5 years [between 2015 and 2020],
and including over 15 cases)*2° The main indica-
tion is failed ERCP, but recent studies have tried to
evaluate the clinical efficacy of EUS-CDS for primary
drainage 13192026 Technical success rates of EUS-
CDS range from 88.8% to 100%, and the clinical suc-
cess rate ranges from 85.5% to 100%. Further, the
overall technical success rate is 95.0% (939/988), and
the overall clinical success rate is 97.0% (820/845).
Based on comparisons of technical and clinical success
rates between recent and previous data (technical suc-
cess, 93% [199/213]; clinical success, 98% [183/187]) in
reviews from 2003 to 201427 satisfactory results may
have already been obtained.

On the other hand, the overall early adverse event rate
was 12.2% (110/900), lower than described from previ-
ous data (16%, 34/213), although significant difference
was not observed (p = 0.09). EUS-CDS has the potential
to cause several adverse events, including (1) infection
(peritonitis, cholangitis, cholecystitis); (2) pneumoperi-
toneum; (3) bile leakage, biloma; (4) bleeding; (5)
abdominal pain; (6) perforation; (7) stent migration;

and (8) double mucosal puncture. The most frequent
adverse event is cholangitis or cholecystitis (24.5%;
27/110) in recent data. On the other hand, according
to previous data, pneumoperitoneum (28%, 9/34) or
peritonitis associated with bile leak (23.5%, 8/34) was
most commonly observed. This difference might be
based on improvements in dilation devices or the use
of covered metal stents. Indeed, Matsumoto et al. ana-
lyzed peritonitis as an adverse event during EUS-CDS,
and concluded that plastic stents were a risk factor for
peritonitis.® That study enrolled 151 patients who under-
went EUS-CDS. Early adverse events were observed
in 29 patients, with peritonitis observed in 14 patients
(9.9%). In univariate analysis, plastic stent deployment
was a significant factor compared with deployment of
a covered self-expandable metal stent (SEMS) (odds
ratio [OR] 3.69; 95% confidence interval [CI] 1.15-11.8;
p = 0.043). Multivariate analysis showed an OR of 4.13
(95% CI 1.13-16.39; p = 0.03). Covered SEMS may thus
be suitable in EUS-CDS compared with plastic stents.

TECHNICAL REVIEWS OF EUS-CDS

Bile duct puncture and guidewire
deployment

The echoendoscope is inserted into the duodenum, and
the common bile duct is identified in a long position. The
common bile duct is then punctured using a 19-G nee-
dle under color Doppler guidance to avoid injury to blood
vessels. Before bile duct puncture, we should pay atten-
tion to two important issues.

First, to prevent double mucosal puncture, careful
monitoring for the double mucosal sign should be per-
formed (Figure 1a). If the common bile duct is punc-
tured in this situation, double mucosal puncture may
occur. Bleeding or perforation might occur if double
mucosal puncture is complicated?’ To prevent this
adverse event, the water-filling technique may be use-
ful (Figure 1b)28 Matsumoto et al. described risk fac-
tors for double mucosal puncture during EUS-CDS? In
that study, double mucosal puncture occurred signifi-
cantly more frequently with oblique-viewing echoendo-
scopes (7.0%) compared with forward-viewing echoen-
doscopes (0.0%; p = 0.024). Because a forward-viewing
echoendoscope can adhere closely to the puncture site
without catching on the duodenum membrane, Mat-
sumoto et al. recommended attempting EUS-CDS using
a forward-viewing echoendoscope. However, indications
for procedures using forward-viewing echoendoscopes
are less frequent than for those using oblique-viewing
echoendoscopes, and this scope is thus unavailable in
many institutes. Further evaluations of favorable tech-
niques to prevent this adverse event are needed.

Second, we should pay attention to not only EUS
imaging, but also fluoroscopic imaging. After common



OGURA AND ITOI

(senunuo))

(¥ = u ‘uonounysAp jusis) |°|g

(1 =u’nQg oy uonoeduw
we)s ‘g = u ‘uonoedwi
pooy/ebpn|s {9 = u ‘uoneibiw) 6z

(1 = u ‘uoneibiwu
JUS)S {| = U ‘UOISN[OD0 JUB)S) /'

(L=u
‘uononJsqo Aleljiq Juaiinodal) G /L

(L =u‘elwaispeqi, =u
Jeozaq 0} anp spibuejoyd i = u
‘uonelbiw oy anp avipunel

% = U ‘uonNLsqo Jowny) 0°0L

(¢ = u'snnshosioyd) Lz

(1 = u‘ssaosqge
Janl| 'z = u ‘sishosioyd) 0°¢

(1 = u‘uoneooysip
els ig = U ‘Bupjuny Jusis) Z'gl

anN

anN

anN

(z = u‘yuL)s paxoolq) 22

(uonounysAp juals Buipnjoui)o,
‘a)eJ JUSAD 9SIaApe wud)-Buo]

(1 = u ‘spiuopsad) g

(1 = u'snnshosjoyo
‘{1 = u ‘siibuejoyo
‘g = u‘uied jeuiwopqge) 0'z1

(z = u‘snnshosioyd) /g

(1 = u‘simuoyuad
‘Z = u‘uted [euiwopge
'} = u‘Buipes|q) gL

(L =u'nys
urjusys | = u ‘buipssiq) 0'g

(1 = u‘uoneibiw jusls

‘L =u‘snnsAosoyoig =u

‘Buipa9lq iz = u ‘sipibuejoyo

‘6 = U ‘uonounysAp uals
Aues iy = u ‘spuojued) 40z

(1 = u ‘wnuaponp

10 uonesjpuad sjgnop | =

u ‘Buipaalq ‘g = U ‘sipuoyad
‘G = u ‘syibuejoyd) 0°0l

(z = u‘uied jeulwopqe) 06

aN
(L =udaylo ‘| = u ‘ebeyes|
|9 ‘| = u ‘spiskosjoyo

{} = u‘siBuejoyd) 00z
(1L = udayo ‘g = u ‘buipas|q
‘L = u ‘snpiskosjoyo

‘) = u‘sybuejoyo) gl

(€ = uyuswAholdap-siw) 'L |
(sjuana asianpe
leanpaosoadysod Buipnjoui)y,
‘SJUDAD dSI9APE WIB)-}I0YS

(61/61) 004

(verve) 00l

(ez/22) 1°96

(ov/0%) 001

(0£/69) 986

(ZeL/sel) 5786

(€8/92) 9'16

(zzrze) ool

aN

(0z/02) 001

(28/9¢) L'v6

(L2v2) 6'88
(u) o, ‘a3ed
$S999NS
|eaiut|g

(0z/61) 0'S6

(veree) 126

(cz/61) 928

(£9/¥9) 5766

(02/69) 986

(zvi/2€1) 5796

(c6/£8) 8'26

(zzrze) ool

(95/95) 004

(0z/02) 001

(2¢/2€) 001

(9z/£2) 588
(u) % ‘ayeu
S$S92INns
|eauyoa)

SOSED G| JaA0 Buipnjoul pue siesk G ise| 8y} ul payodal SQD-SNT 4O SaIpnis Jusdsy

(uesw) g'61

(uepsw) Gz

(uesw) g0¢

(uesw) 92

(ueaw) g

aN

(ueipsw) g7/

(ueipsw) 9°z|

aN

aN

aN

oy
(urw)

awn
ainpasoid

(ysnyeng)
SN3S

(xa1d11en)
SIN3S

(S-1HN paiyipow)
SIN3S

(SOIXV 10H)
SV

(SOIXV 10H)
SNV

(HIN HNS-X ‘Xalepm) SIS
(ewixa|4 ‘wnequauue] )

Jus)s onseld

(4IN
INs-X ‘Xal|lep Jusls euogq)

SIN3S
(aJeq

a|gnop 193 ‘Jus)s euogq)

SIS

(SOIXV 10H)
SV
(xaulrem
‘Jus)s euog ‘jusjsoleueH)
SIN3S

(SOIXY 10H ‘SOIXYV)
SV

(snxedg S-11IN)
SNV

(aweu jonpoud)
sadA} juays

0¢

123

€¢

19

0L

LGI

c6

[44

9g

(4

A%

9Z
sjuaned
Jo
JaquinN

»,610z/ebeuoy

¢,610c/1eXeN

2,610z/ebeUIN

116102/o%eYD 13

0,020z/senboer

s0c0c/oownsiey

40202/B3j0NnY]

,0202/8In6BO
9020Z/UIyD

020Z/2ues
ojuag ap

;020z/zues
ojuag ap

y0202/YoaL
Jeakjioyiny

1 3749Vl



OGURA AND ITOI

4010 WILEY DEN Open @

‘Jud)s |ejow a|gepuedxa-4|9s ‘SINTS {pPaquoIsap Jou ‘gN ‘uals |eyaw Buisodde-uswin| ‘SA Y] ‘Awo}sousponpoyoopajoyd papinb-punosed)n 91dodsopus ‘Sgo-SN3 ‘wnuaponp ‘N :SuoleInaIqqy

(¢ = u ‘uonesbiw
JUBIS ‘G = U ‘UOISN|D20 JUd}S) €€

(¢ = u ‘awoipuhs
dwns ¢} = u ‘uonelbiw Juals) £'6

(g = u‘uoIsn|o20 JUd}S) |'GL

aN

(aN) z'ie

(aN) v'6
(1 = u ‘uoneoojsip
JUS)S {| = U ‘uonoNJISqo
Jowny ‘g = u ‘uonoedwi

pOO0} 0} 8NP UOISN|920 JUd}S) |°LZ

anN

(1L = u ‘uonoedwi
pOoO} 0} 8NP UOONIISO JU)S) €2

(1 = u‘uonesbiw

JU93S ‘g = U ‘BwolpuAs dwns
'y = U ‘uoloNIISgo Jowny) G'gl
(uonounysAp juays Buipnjoui),
‘a)ed JUSIAS 9sIaApe wud)-Buo]

(L = u‘syibuejoyo il =u
‘siiuoyad ‘g = u ‘ssaosqe
Janl| ‘g = u ‘sishosioyo) 69z

(1 = u ‘wnauojadownaud

¢} = u ‘uonelopad

‘g = u‘spneasoued

{L =u‘buipag|qiL =u

‘spibuejoyo f| = u ‘yes|
99} = u‘spiuojuad) gl

(b=u

‘siibuejoyo {| = u ‘Buipeslq
‘Z = u ‘uoneiopad jeusponp)

(¢ = u ‘snibuejoyo
{L =u‘Buipss|qil =u
‘wnauojuadownaud) |G|

(z = u‘ebeyrioway) gL |
(1 = u ‘smuoyuad
a9} = u ‘snnshosjoyo
‘G = u‘uted |[euiwopae) L |

(an) e
(e=u

‘siibue|oyo 8)nde) G|
(1 = u*yoo|q

jusls i) = u ‘eljiqowsay
‘) = u'yes| 8liq) 0°0L

(1 = u ‘uoneibiw

Ju8)s snoauejuods

‘e = U ‘uopoedwi pooy

0] 8Np UOISN[O20 JUd)S
'} = u‘Buipas|q [eje}) 9| |

(1L = u‘Buipss|q
'} = u‘syibuejoyd) g'¢
(sjuana asianpe
leanpaosoadysod Buipnjoui)y,
‘SJUDAD 9SI9APE WId)-}I0YS

(9z/52) 296

(aN) g's8

(96/¥S) ¥'96

(ee/ee) 001

(Z1/21) 001

(e€rze) 0'26

(ze/182) 5718

(61L/81) 0°G6

(8z/82) 001

(eviey) 116

(9v/9%) 001
(u) % ‘a3e1
SS902INns
leauny

anN

(09/95) €£'€6

(26/95) Z'86

(ee/eg) 001

(21721) 001

(e€/0¢€) 6'06

(ze/62) 906

(61L/61) 001

(0e/82) £°¢6

(9v/ey) 5°€6

(zg/9v) 5788
(u) % ‘a3e1
S$S929Nns
|eaiuysa)

(uesw) 261

(uesw) 0°}5

(uesw) y'ze

(uepsw) 0z

(uesw) g'Ge

(uesw) gz

(uelpsw) g'g

(uesw) z'9y

(uepaw) og

(uesw) 2y

an
(urw)

awn
ainpasolid

(xa1d11eA0)
SIS

onseld ‘[eleN

(SOIXV 10H)
SNV

(PHAARH)
SIN3S

(xenrem)
SIN3S

(1qein)
SIN3S

(sn3a)
SIN3S

(SOIXV 10H)
SNV

(xel1rem)
SIS

(SOIXV 10H)
SV

(SOIXYV 10H)
SV

(aweu jonpoud)
sadA} juays

9z 52910z/0gn3emy|
09 +2910Z/qeyseyy
15 cz910Z/epunyy
€e 222102/04D
Ll 122102/
€e 0z810z/Bueg
€e s.8L0ZMed
6l 1810z/eAIyons|.
0¢ ,1810Z/1eY
9%  ,6L0Z/IUOlBPUY
4 ,610z/senboer

sjuaned Jeakjioyny
jo

JaquinN
(penupuog) | 379VL



OGURA AND ITOI

DEN Opcsag @ WILEY 50f10

FIGURE 1

Double mucosal sign. (a) Double mucosal sign is observed (arrow). (b) After water injection, echo-free space is obtained

b

FIGURE 2

Common bile duct puncturing. If the common bile duct is punctured as shown (a), the guidewire may be easily advanced toward

the ampulla of Vater. On the other hand, if the common bile duct is punctured as shown (b), the guidewire may be easily advanced into the

intrahepatic bile duct

bile duct puncture, a guidewire should be advanced into
the intrahepatic bile duct. On EUS imaging, when the
CBD is aligned parallel to the FNA needle, the guidewire
can be easily advanced toward the hepatic hilum2’
However, if the common bile duct is punctured as shown
in Figure 2a, the guidewire may be easily advanced
toward the ampulla of Vater. On the other hand, if the
common bile duct is punctured as shown in Figure 2b,
the guidewire may be easily advanced into the intra-
hepatic bile duct. Echoendoscope shape should thus be
checked before bile duct puncture under fluoroscopic
imaging. As a novel device, Ryou et al. reported the initial
experience with a steerable access device during EUS-
BD2° Interestingly, after stylet removal, the blunt-tipped
access catheter assumes a predetermined curvature
(90° or 135°) and is fully rotatable. In addition, wire
shearing can be avoided because of the blunt tip and the
coaxial alignment with the wire relative to the catheter
tip. In this study, 22 patients underwent EUS-BD using
this novel device, including seven EUS-CDS cases. As

a result, after bile duct puncture, rotation of the access
system and selective wire advancement in the preferred
direction were successful in all patients. This device
may be clinically useful, although further evaluation
is needed. After bile duct puncture, guidewire deploy-
ment is attempted. In almost all reports, a 0.025-inch
guidewire was deployed. Although evidence remains
lacking, deployment of a stiff-type guidewire or double
guidewire may be preferred over insertion of various
devices and stabilization of the echoendoscope by the
guidewire. Shiomi et al. described the clinical benefits
of double guidewire deployment2® In that report, they
mentioned that the double guidewire facilitates stability
of the echoendoscope position, improved visualization
of the guidewire under EUS imaging, easy insertion of
devices, and safe guidewire roles. Guidewires may thus
play important roles in stabilizing the echoendoscope
itself, not only in EUS-HGS but also in EUS-CDS. How-
ever, further comparative studies are needed between
single and double or between soft and stiff guidewires.
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FIGURE 3
Japan). (c) Fine 025 (Medico’s Hirata Inc., Osaka, Japan)

Finally, no evidence has been accumulated regarding
guidewire deployment site (left or right intrahepatic bile
duct).

Tract dilation

In stent deployment, dilation of the common bile duct
and duodenum wall is needed. During EUS-BD, bile
leakage can occur after fistula dilation. Procedural
steps during fistula dilation should thus be minimized.
Fistula dilation should be certainly performed in a single
step. Novel dilation devices are now available, such
as an ultra-tapered mechanical dilator?! a fine-gauge
balloon catheter®?> and a fine-gauge electrocautery
dilator®® (Figure 3a—c). Honjo et al. compared use of an
ultra-tapered mechanical dilator in 26 patients with use
of an electrocautery dilator in 23 patients during EUS-
HGS23" Technical success rates did not differ signifi-
cantly between groups (100% [23/23] vs. 92.3% [24/26];
p = 0.52). Overall adverse event rates also differed sig-
nificantly between groups (30.4% [7/23] vs.15.3% [4/26];
p = 0.35). However, bleeding was significantly more fre-
quent in the electrocautery dilator group (p = 0.04).
Although EUS-CDS cases were not included, technical
tips are similar. This device may thus be useful for EUS-
CDS procedures. Also, in that study, the authors noted
that electrocautery dilation can cause burning effects to
the hepatic parenchyma and vessels around the needle
tract or gastrointestinal lumen, causing unexpected
bleeding or inflammation. To avoid such effects, a novel
fine-gauge electrocautery dilator has been developed 33
Compared with conventional electrocautery dilators, the
burning effects are smaller, so this device may be clin-
ically safe. On the other hand, Amano et al. conducted
a prospective study of EUS-BD using a fine-gauge bal-
loon catheter3? A total of 20 patients were enrolled in

Novel dilation devices. (a) ES dilator (Zeon Medical Co., Tokyo, Japan). (b) REN biliary dilation catheter (KANEKA, Osaka,

that study, and technical success was obtained in each.
Among this group, 11 patients underwent EUS-CDS with
a short procedure time (median 11 min;range 8—16 min)
without any severe adverse events. In terms of dilation
devices, evidence remains lacking regarding whether
dilation devices should be used, such as electrocautery
or nonelectrocautery. The most favorable dilation device
should be determined in a prospective randomized
controlled trial. Even if these novel devices are used,
bile leakage can occur after fistula dilation. In addition,
compared with EUS-HGS, no tamponade effects such
as with hepatic parenchyma are seen during EUS-
CDS3* Bile leakage from the fistula is thus more likely
in EUS-CDS compared with EUS-HGS. Ultimately, inser-
tion of a stent delivery system without fistula dilation
may be ideal, such as electrocautery-enhanced LAMS.
Indeed, according to previous reports of EUS-CDS
using electrocautery-enhanced LAMS#5:10.11.15,16,18,23
bile peritonitis and leakage have not been reported
as procedure-related adverse events. Electrocautery-
enhanced LAMS thus offers theoretical advantages
in preventing this adverse event, because this sys-
tem allows a single-step procedure, although further
comparative studies between conventional SEMS and
LAMS are needed to confirm such advantages.

Stent deployment

After the common bile duct and duodenum wall are
dilated, insertion of the stent delivery system is per-
formed. Stent release is then carefully started from the
common bile duct. Under such circumstances, perform-
ing this procedure with visual confirmation under EUS
imaging may be important to prevent misplacement.
Also, to prevent stent migration into the abdominal cav-
ity, an intrascope channel-release technique may be
useful 2°
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FIGURE 4 Comparison between braided type and laser-cut type
in transluminal stenting. Because radial force is smaller than with the
braided type (a, arrow), a deep notch is formed after stent
deployment (b, arrow)

Stent selection is an important factor to prevent
adverse events. Plastic stents, SEMS or LAMS can be
selected as EUS-CDS stents. As noted above, plastic
stents carry a risk of bile leakage or peritonitis. If a
large fistula is created before stent placement, bile
leakage from the gap between the stent and fistula is
likely to occur because of the fine gauge of the plastic
stent. Therefore, according to the recent studies shown
in Table 1, most endoscopists select SEMS or LAMS
as EUS-CDS stents. Fully covered SEMS (FCSEMS)
are available in two forms: braided or laser cut. Fig-
ures 4a and 4b show comparative images of braided
and laser-cut stents after transluminal stenting. From
the perspective of preventing stent migration during
stent deployment, the laser-cut type may be suitable.
Because radial force is smaller than with the braided
type, a deep notch is formed after stent deployment.?
However, this theory should be confirmed in a compar-
ative study, because evidence for which stent types are
optimal for use as EUS-CDS stents remains lacking.

Several novel covered SEMS, which are focused on
preventing bile peritonitis, stent kinking, and stent migra-
tion, have recently been reported. ltonaga et al. evalu-
ated EUS-CDS using a thin stent delivery system in a
multicenter prospective study.14 In that study, a novel,
laser-cut SEMS with a 7.5-Fr delivery system was used
as the EUS-CDS stent, and the stent delivery tip was
tapered. They reported that the thinness of the deliv-
ery system may facilitate successful insertion without
fistula dilation as an advantage of this stent. However, in
fact, the stent delivery system without fistula dilation was

DEN Op& @ WILEY 70f10

successful in only 31.6% (6/19). They also discussed
the need for stent improvements such as a thinner and
more tapered tip. Stent migration is one critical limita-
tion of EUS-CDS if FCSEMS is selected. Cho et al. con-
ducted a study of EUS-CDS using a new hybrid stent.??
The distal portion of this stent, which is 3.5-cm long, is
composed of silicone-covered nitinol wire to prevent bile
leakage. The covered portion shows proximal and dis-
tal anchoring flaps to immobilize the stent and prevent
proximal and distal stent migration. In this study, EUS-
CDS was attempted in 33 patients. As a result, tech-
nical and clinical success was obtained in all patients
with a short procedure time (median, 20 min). In addition,
stent migration was not observed in any patients. More-
over, after long-term follow-up (median, 148.5 days), no
stent migration was observed. This anchoring flap sys-
tem may thus act to prevent stent migration. From the
perspective of one factor associated with early stent
dysfunction, axial force, which can cause stent kinking
between the stent and common bile duct, may result2”
A novel SEMS has been developed with low axial force
(double-bared stent). We previously conducted compar-
isons between FCSEMS and double-bared stents dur-
ing EUS-CDS.” Among 22 patients, stent dysfunction
occurred in five patients (FCSEMS, n = 4; double-bared
stent, n = 1) and was associated mainly with cholangitis.
Kinking caused cholangitis in three FCSEMS patients
treated by stent exchange. Stent selection may thus be
an important factor to prevent this adverse event.

As a recent expansion to the indications for LAMS,
various reports of EUS-CDS using LAMS have been
reported. LAMS was first reported by Binmoeller and
Shah in 201136 This conventional LAMS has facilitated
the technical improvement of EUS-guided translumi-
nal stenting. LAMS facilitates adhesion between the tar-
get lesion and gastrointestinal lumen with high appo-
sitional force. Stent migration during stent deployment
can thus be prevented. More recently, LAMS with an
electrocautery tip has been developed. This device has
allowed for innovative changes in techniques, such as
insertion of the stent delivery system without fistula
dilation.'® This fact may play important roles such as
decreasing adverse events associated with bile leakage,
and reducing procedure time and fluoroscopy exposure
time.3’~39 This stent uses a relatively large, stiff deliv-
ery system and a new stent-release system, so stent
deployment can be technically demanding.2® Indeed, the
utility of LAMS with a conventional SEMS delivery sys-
tem has been reported**° Jacques et al. evaluated
EUS-CDS using electrocautery-enhanced LAMS based
on operator experiences with EUS-BD.'? In this study,
EUS-CDS was performed by 29 experts and 23 nonex-
perts. No significant difference between the two groups
was seen in terms of technical success rates (82.8%
vs. 95.7%; p = 0.21), clinical success rates (96.6% vs.
100%; p > 0.99), and mean procedure time (9.9 min
vs. 10.6 min; p = 0.85). This result may encourage
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TABLE 2 Randomized controlled trials comparing EUS-CDS and ERCP for primary drainage
Technical
Number of success rate,
Author/year Method patients, n % (n)
Paik?/2018"9 ERCP 64 90.2 (55/61)
EUS-CDS 33 90.6 (29/32)
Bang/20182° ERCP 34 94.1 (32/34)
EUS-CDS 33 90.9 (30/33)
Park/2018%6 ERCP 14 100 (14/14)
EUS-CDS 14 92.8 (13/14)

Stent
Clinical Adverse patency
success rate, Procedure event (mean,
% (n) time, min rate, % days)
94.5 (52/55) 11 (median) 19.7 165
87.5 (28/32) 5P (median) 6.3 208
91.2 (31/34) 21 (median) 14.7 170
97.0 (32/33) 25 (median) 21.2 182
92.8 (13/14) 31 (mean) 0 403
100 (13/13) 43 (mean) 0 379

Abbreviations: BD, biliary drainage; ERCP, endoscopic retrograde cholangiopancreatography; EUS-CDS, endoscopic ultrasound-guided choledochoduodenostomy;

ND; not described.
a@Among EUS-BD, hepaticogastrostomy (HGS) patients are excluded.
bIncluding EUS-HGS cases.

endoscopists, even if they are unfamiliar with the use
of the LAMS system. Despite investigating the first US
experience, El Chafic et al. reported clinical results of
EUS-CDS using LAMS with a high technical success
rate (95.5%, 64/67) and low adverse event rate (6.3%,
4/64)."" In this study, technical success was not obtained
in two patients because of mispositioning of LAMS. Also,
inability to puncture electrocautery enhanced LAMS
delivery system into the bile duct, which was suspected
tangential entry tract to the bile duct, was observed in
one patient.

As described above, LAMS appear to be favorable
stents in EUS-CDS procedures. However, because the
proximal site is open toward the gastric side, food
impaction or residue may easily occur. Matsumoto et al.
compared SEMS direction to the oral or anal side in
EUS-CDS? In this study, stent direction to the oral side
represented an independent risk factor for early stent
dysfunction (OR 43.47;95% CIl 6.21-304.32; p < 0.001)
in multivariate analysis. They also reported that when
the distal side of the stent faces the oral side, food
residue can enter the stent and lead to early stent dys-
function as a complication. On the other hand, de Benito
Sanz et al. recently conducted a comparison between
LAMS and SEMS. Although the direction of SEMS was
not described in that study, no significant difference
between groups was seen regarding adverse events,
reinterventions, or survival rates. Whether the direction
of EUS-CDS stent has real-world influences in clinical
practice should be evaluated in future prospective com-
parative studies.

EUS-CDS VERSUS ERCP AS FIRST-LINE
DRAINAGE METHODS

EUS-CDS is currently indicated for patients with
failed ERCP or inaccessible papilla due to duodenal
obstruction.?” Compared with ERCP, a critical advan-
tage of EUS-CDS is the theoretical absence of any risk
of postprocedural acute pancreatitis. In addition, recent

developments in various devices have facilitated the
next steps in EUS-CDS, such as primary drainage rather
than merely an alternative option. For the first clinical
trial of EUS-CDS as primary drainage, Hara et al. con-
ducted a prospective feasibility study of EUS-CDS using
plastic stents for malignant lower bile duct obstruction.*'
In that study, technical and clinical success rates were
94% (17/18) and 100% (17/17), respectively. Procedure-
related adverse events were encountered in three
patients (17%). Nakai et al. also conducted a prospec-
tive feasibility study of EUS-CDS using SEMS in a
multicenter setting.'® Thirty-four patients were enrolled
in the study, with SEMS successfully deployed in 33
patients (97%), while one patient underwent EUS-CDS
using a plastic stent because of failed insertion of
the SEMS delivery system into the common bile duct.
Median procedure time was 25 min, and clinical suc-
cess was obtained in all patients. In addition, although
adverse events were observed in 15% of cases (n = 5),
acute pancreatitis was not seen in any patient.

Several randomized controlled trials comparing EUS-
CDS and ERCP for malignant biliary obstruction have
recently been reported (Table 2).920-26 To summarize,
overall technical success rates for ERCP and EUS-
CDS were 92.7% (101/109) and 91.1% (72/79), respec-
tively (p = 0.788). Overall clinical success rates for
ERCP and EUS-CDS were 94.1% (96/102) and 93.6%
(72/78), respectively (p = 0.765). In addition, acute pan-
creatitis was only observed in the ERCP group. Accord-
ing to a multicenter randomized trial by Paik et al.,'®
which included EUS-HGS cases, although technical
and clinical success rates were comparable between
groups, overall adverse events including acute pancre-
atitis (ERCP vs. EUS-BD, 14.8% vs. 0%) were signifi-
cantly more frequent in the ERCP group (19.7%) than
in the EUS-CDS group (6.3%; p = 0.03). In addition,
stent patency at 6 months was higher in EUS-BD (85.1%
vs. 48.9%; p = 0.001) and mean stent patency was
longer (208 days vs. 165 days). Interestingly, EUS-BD
was associated with greater preservation of quality of
life after 12 weeks of biliary drainage. The authors
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therefore concluded that EUS-BD may be superior in
terms of lower adverse event rates and preserved qual-
ity of life. According to a recent meta-analysis that
included retrospective studies;*? the technical success
rate was 94.73% in the ERCP group and 93.67% in the
EUS-CDS group (OR 1.2,95% CI 0.44-3.24; p = 0.72).
Clinical success rates were also similar in the ERCP and
EUS-CDS groups (94.21% vs. 91.23%; OR 1.44, 95%
Cl 0.63-3.29; p = 0.66). Although procedure-related
adverse event rates did not differ significantly between
ERCP and EUS-CDS groups (15.2% vs. 22.3%; OR
1.59, 95% CI 0.89-2.84; p = 0.40), pancreatitis was
observed only in the ERCP group (9.5%). EUS-CDS
may thus be worth considering for primary drainage,
especially from the perspective of avoiding postproce-
dural pancreatitis.

On the other hand, Bang et al. also evaluated
EUS-CDS and ERCP as primary drainage for malig-
nant biliary obstruction due to pancreatic cancer in a
randomized controlled trial?? In that study, technical
success (ERCP vs. CDS: 94.1% vs. 90.9%; p = 0.637),
clinical success (ERCP vs. CDS: 91.2% vs. 97.0%;
p = 0.614), and median procedure time (ERCP vs. CDS:
21 min vs. 25 min; p = 0.178) showed no significant
differences between groups. In addition, adverse events
(ERCP vs. CDS: 21.2% vs. 14.7%; p = 0.490) were
similar between groups. They therefore concluded both
procedures were similar in clinical practice. Park et al.
conducted a randomized controlled trial and concluded
that EUS-CDS was not superior to ERCP in terms of
relief from malignant biliary obstruction.26 Characteris-
tically, although EUS-CDS may show a lower frequency
of tumor ingrowth compared with transpapillary stent-
ing, stent dysfunction due to food impaction or stent
migration was frequently observed in EUS-CDS. There-
fore, although EUS-CDS may have potential for use as
a first-line drainage method in place of ERCR stricter
evidence from a large-scale randomized trial is needed.

CONCLUSIONS

Electrocautery-enhanced LAMS can be deployed with-
out fistula dilation, which may reduce adverse event
rates associated with bile leakage. In addition, several
studies have shown the potential of primary drainage
methods for malignant biliary obstruction. However, fur-
ther high-quality evidence is needed to establish EUS-
CDS as a primary drainage technique.
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