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Abstract
In the last years, endoscopic ultrasonography (EUS) has evolved from a purely
diagnostic technique to a more and more complex interventional procedure, with
the possibility to perform several type of therapeutic interventions. Among these,
EUS-guided biliary drainage (BD) is gaining popularity as a therapeutic approach
after failed endoscopic retrograde cholangiopancreatography in distal malignant
biliary obstruction (MBO), due to the avoidance of external drainage, a lower rate
of adverse events and re-interventions, and lower costs compared to
percutaneous trans-hepatic BD. Initially, devices created for luminal procedures
(e.g., luminal biliary stents) have been adapted to the new trans-luminal EUS-
guided interventions, with predictable shortcomings in technical success,
outcome and adverse events. More recently, new metal stents specifically
designed for transluminal drainage, namely lumen-apposing metal stents
(LAMS), have been made available for EUS-guided procedures. An
electrocautery enhanced delivery system (EC-LAMS), which allows direct access
of the delivery system to the target lumen, has subsequently simplified the classic
multi-step procedure of EUS-guided drainages. EUS-BD using LAMS and EC-
LAMS has been demonstrated effective and safe, and currently seems one of the
most performing techniques for EUS-BD. In this Review, we summarize the
evolution of the EUS-BD in distal MBO, focusing on the novelty of LAMS and
analyzing the unresolved questions about the possible role of EUS as the first
therapeutic option to achieve BD in this setting of patients.

Key words: Interventional endoscopic ultrasonography; Endoscopic ultrasonography-
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Core tip: Endoscopic ultrasonography (EUS)-guided choledocho-duodenostomy
represents one of the possible therapeutic options to achieve biliary drainage after failed
endoscopic retrograde cholangiopancreatography. Lumen-apposing metal stent (LAMS)
are fully covered metal stents specifically designed for EUS-guided transluminal
interventions, such as peripancreatic fluid collection or gallbladder drainage, that have
been proposed for biliary drainage in the setting of distal malignant biliary obstruction,
in order to overcome the limits of non-dedicated devices. This Review focuses on the
new role of LAMS in the complex scenario of EUS-guided biliary drainage.

Citation: Anderloni A, Troncone E, Fugazza A, Cappello A, Del Vecchio Blanco G,
Monteleone G, Repici A. Lumen-apposing metal stents for malignant biliary obstruction: Is
this the ultimate horizon of our experience? World J Gastroenterol 2019; 25(29): 3857-3869
URL: https://www.wjgnet.com/1007-9327/full/v25/i29/3857.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i29.3857

INTRODUCTION
Management of obstructive jaundice is of paramount importance in patients with
malignant biliary obstruction (MBO), as impaired biliary drainage dramatically affects
the possibility of systemic therapy in unresectable disease, reduces quality of life and
increases morbidity and mortality[1].  The most frequent causes of distal MBO are
adenocarcinoma of the head of the pancreas, distal cholangiocarcinoma, ampullary
carcinomas and adenopathy or metastasis from other cancers. It is estimated that
more than half of patients with unresectable ductal adenocarcinoma of the head of the
pancreas presents with obstructive jaundice, and nearly 80% of these patients will
develop jaundice in absence of therapy or interventions[2,3]. Regardless of the cause,
unresolved biliary obstruction increases  the risk of  cholangitis  and liver  failure;
determines fat and fat-soluble vitamins malabsorption, contributing to malnutrition
and cachexia; associates in up to 25% with pruritus, which poorly responds to medical
therapy and dramatically compromises quality of life. It is responsible, directly or
indirectly, for death of a great proportion of non-palliated patients[1,4]. For many years,
palliation of obstructive jaundice has been achieved with open surgery, by performing
surgical choledocho-enterostomy, cholecysto-enterostomy or hepatico-jejunostomy,
with or without gastrojejunostomy in case of concomitant gastric outlet obstruction
(GOO). Operative biliary bypass has shown high rate of technical success and low rate
of jaundice recurrence, but at the expense of significant post-operative morbidity and
mortality, which range from 27%-60% and 5.4%-23% respectively in some series[4-6].
More recent studies that compared endoscopic biliary stenting and operative biliary
bypass  found  a  higher  post-operative  morbidity  in  the  operative  group,  while
endoscopic drainage was associated with lower costs, shorter duration of hospital stay
and a better quality of life[7,8].  Due to these evidences, less invasive approaches to
achieve biliary drainage, namely percutaneous transhepatic biliary drainage (PTBD)
and endoscopic retrograde cholangiopancreatography (ERCP) with biliary stenting,
have progressively spread, with a concomitant reduction of the patients undergoing
operative palliation over the years[2].

ENDOSCOPIC AND PERCUTANEOUS BILIARY DRAINAGE
IN DISTAL MALIGNANT BILIARY OBSTRUCTION
Currently, ERCP with placement of plastic or self-expanding metal stent (SEMS) is
widely recognized as the first strategy to achieve biliary drainage in distal MBO and,
when feasible, should be preferred over PTBD and surgery[9]. Reaching the papillary
region in the second portion of the duodenum and cannulating the bile duct represent
the first fundamental steps to perform endoscopic operative procedures on the biliary
system. The success of such steps depends on several  factors related,  among the
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others, to the patient’s anatomy and to the experience of the endoscopist. The success
rate of ERCP for all indications reported in literature is high, ranging from 86%-99%.
However,  an underlying neoplastic process could predict  a lower success rate,  a
higher need of advanced cannulation techniques (i.e., needle knife pre-cut, double
guidewire (DGW) technique, pancreatic septotomy) with consequent higher risk of
adverse events (AE)[10-12]. During ERCP, malignant biliary stricture could be very hard
to pass, even for experienced endoscopists; neoplastic diseases involving the distal
common bile duct (CBD) can determinate infiltration and distortion of the ampulla,
thus making very difficult the identification and the subsequent attempt to cannulate
the papilla (Figure 1). Moreover, advanced neoplastic disease could associate with
concomitant biliary and duodenal obstruction, determining the inaccessibility of the
ampullary region.  In  addition to  the  aforementioned possibilities,  also  common
benign conditions such as  intradiverticular  papilla  or  gastroduodenal  surgically
altered anatomy could make ERCP difficult. For several years, a common accepted
therapeutic algorithm after a failed ERCP has provided these options: in cases of an
accessible papilla, a possible new attempt at the same institution or after referral to a
tertiary-care hospital in 3-5 d, after the resolution of the edema of the ampulla; in case
of  inaccessible  papilla,  or  after  definitely  failed  ERCP,  a  PTBD  performed  by
interventional radiologists. First described in the seventies, PTBD is performed under
fluoroscopic or ultrasonographic guidance, and allows to place an external biliary
catheter with subsequent drainage internalization with placement of plastic or metal
stent, in a one-step or two-step procedure[13-17]. PTBD is a highly effective procedure,
but is burdened of significant morbidity, with a high rate of procedure-related or
drainage- related AE[18]. Most frequent AE reported are occlusion or dislocation of the
catheter, cholangitis, bile leakage alongside the drain[18-21]. A retrospective study of
more  than  2000  PTBD procedures  in  385  patients  reported  that  40% of  patients
presented at least one drainage-related AE, with malignant disease being a risk factor
for drainage occlusion and cholangitis[18]. A recent retrospective study from Sarwar
and  co-workers  on  266  PTBD  procedures  in  266  patients  reported  a  45.9%  of
readmission at 30 d, 63.9% of which were unplanned[22].  The high rate of AE and
readmissions, in addition to the presence of the external drainage, could heavily
impair the patient’s quality of life and, at the same time, significantly increases the
costs. Thus far, the widespread and easy availability have confirmed PTBD as the first
option to drain MBO after ERCP failure. However, alternative techniques based on
interventional  endoscopic  ultrasonography  (EUS),  such  as  EUS-guided  biliary
drainage  (EUS-BD)  have  progressively  demonstrated  feasibility  and  high
effectiveness, providing useful alternatives for jaundice palliation.

EUS-GUIDED BILIARY DRAINAGE
Since the early  2000’s,  the development  of  echoendoscope with larger  operative
channel  allowing  devices  up  to  10  French,  opened  the  way  for  an  increasingly
interventional role for EUS procedures. Over the year, several types of EUS-guided
procedures such as biliary and pancreatic drainage, peri-pancreatic fluid collections
(PFC)  drainage,  gastro-enteral  anastomosis,  vascular  interventions  and ablative
treatment of neoplasms have been successfully reported[23]. EUS-guided biliary access
and drainage procedures are primarily performed as alternative of percutaneous or
surgical drainage after failed ERCP, but the rapid widespread of interventional EUS is
currently challenging the role of ERCP as primary approach for MBO[24-27]. EUS-BD
can be achieved through different approaches,  depending on the experience and
preference of the endoscopist, the availability of specific devices, the localization of
the  biliary  obstruction  and  the  accessibility  of  the  papilla:  Rendez-vous  (RV)
technique, EUS-guided antegrade stenting; EUS-guided choledocho-duodenostomy
(EUS-CD) or choledocho-gastrostomy; EUS-guided hepato-gastrostomy (EUS-HGS);
EUS-guided cholecysto-gastrostomy (as  a  last  resort).  To date,  which is  the best
technique is still a matter of debate among interventional endoscopists[28]. A recent
systematic review on EUS-CD versus EUS-HGS including 10 studies with 434 patients
showed a very high technical [94.1% vs 93.7%, pooled odds ratio (OR) = 0.96, 95%
confidence interval (CI) = 0.39-2.33,  I  = 0%] and clinical  success (88.5% vs  84.5%,
pooled OR = 0.76, 95%CI = 0.42-1.35, I = 17%) without difference for AE (OR = 0.97,
95%CI = 0.60-1.56, I = 37%) for these procedures[29].

Regardless of  the preferred approach,  the first  step is  the access to the biliary
system. Using a curved linear array echoendoscope, the bile duct is punctured with a
19 Gauge needle and the correct positioning of the needle is confirmed by aspiring
bile and injecting contrast to fluoroscopically visualize the biliary tree. Then, a 0.035
inch or 0.025 inch guidewire is passed through the needle and manipulated in the
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Figure 1

Figure 1  Currently lumen-apposing metal stent and fully covered self-expanding metal stent with peculiar
anti-migratory shape available on the market.

desired direction. The biliary system can be accessed through a trans-hepatic route, by
which the intrahepatic biliary ducts are usually punctured at the third segment with
the scope positioned at the gastro-esophageal junction, or through the extra-hepatic
bile duct, generally from the bulb or the stomach[23,30].  In case of RV or antegrade
stenting, the guidewire is manipulated toward the papilla across the obstruction, and
then coiled in the duodenum. On the contrary, the wire is directed toward the hepatic
hilum  in  case  of  CD  or  choledocho-gastrostomy.  For  the  RV  procedure,  the
echoendoscope is subsequently exchanged over the guidewire and a duodenoscope is
inserted in  the duodenum. Then,  biliary cannulation is  attempted alongside the
guidewire previously placed, or, after grasping the guidewire with a snare or forceps
and pulling back through the operative channel of the duodendoscope, performed
over  the  guidewire.  As  already  mentioned,  directing  the  guidewire  toward  the
papilla, negotiating the obstruction and reaching the duodenum are key steps for a
successful RV procedure or antegrade stenting, and are usually facilitated by keeping
the scope in “short” position when puncturing the bile duct[23]. Although the high
clinical success rate once these steps are achieved, they could fail in up to 25% of
cases[31]. For the other EUS-BD technique, tract dilation with cystotome, needle-knife
or balloon is needed before plastic stent or SEMS placement, with a sequence of over-
the-wire procedural steps which are crucial for the success of the procedure as well as
critical for possible AE[23]. Since the first EUS-CD has been described by Giovannini et
al[32], several studies have investigated technical and clinical success of different EUS-
BD. A systematic review and meta-analysis from Wang et al[33] reported the technical
success rate, final success rate and AE rate in 1192 patients treated with EUS-BD,
including transluminal drainages, RV procedures and antegrade stenting from 42
studies (14 prospective, 25 retrospective single-centre studies and 3 retrospective
multi-centre studies). The overall technical and final success rate were 94.71% and
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91.66% respectively, while technical and final success rate of EUS-guided transluminal
biliary drainage procedures from 29 studies were 95.68% and 90.32%. This study was
not able to compare the outcome between all  types of EUS drainages, however a
comparison between the trans-gastric and trans-duodenal approach did not show
significant  differences  in  success  or  AE.  The same systematic  review reported a
cumulative risk of AE of 23.32% (278 patients), being bleeding (4.03%), bile leakage
(4.03%), pneumoperitoneum (3.02%), stent migration (2.68%), cholangitis (2.43%),
abdominal pain (1.51%), and peritonitis (1.26%) the most frequent. Strikingly, the use
of metal stent vs plastic stents was associated with a lower risk of AE (17.52 vs 31.03, P
= 0.013), with no significant differences in technical and clinical success rate[33]. The
difference  is  probably  due  to  the  radial  force  exerted  by  the  SEMS  during  the
expansion, which seals the fistula between the gastrointestinal wall and the bile duct
wall,  reducing the risk of bile leakage and bile peritonitis.  In addition, the larger
calibre of metal stent compared to plastic stent probably reduces the risk of occlusion
and subsequent  cholangitis.  Currently,  SEMS instead  of  plastic  stent  should  be
preferred for EUS-BD[24]. The efficacy of EUS-BD questioned the primary role of PTBD
after failed ERCP in MBO (Figure 2). In 2017, a systematic review and meta-analysis
from Sharaiha et al[34] including 9 studies (483 patients) aimed to compare EUS-BD and
PTBD outcome and safety.  Despite  a  similar  technical  success,  a  slightly  higher
clinical success rate [although data from 3 randomized clinical trials (RCTs) reported
no significant differences] and a lower risk of AE were found in EUS-BD compared to
PTBD. Bile leak, bleeding, cholangitis, sepsis and peritonitis were the most frequent
AE reported, and were all more frequent in the PTBD group. Moreover, EUS-BD was
associated with less re-intervention and lower costs. A retrospective study comparing
EUS-BD and PTBD in 60 patients also reported lower post-procedures pain score in
EUS-BD group[35].  Analysing the issue from a different point of view, Nam et al[36]

aimed to  evaluate  the  patient’s  preference  in  case  of  failed  ERCP conducting  a
multicentre survey in 7 tertiary referral centers. Among 313 patients who responded
about a simulated scenario of failed ERCP, 251 (80.2%) preferred EUS-BD, mainly for
the possibility of internal drainage. Taken together, these data promoted a novel
therapeutic algorithm, which favours EUS-BD, where the expertise is available, as
primary approach after failed ERCP in MBO.

LUMINAL-APPOSING METAL STENTS FOR EUS-GUIDED
BILIARY DRAINAGE
Despite the exciting reports of clinical efficacy and the favourable safety data over
PTBD, the AE rate for EUS-BD is not negligible and is up to 24%[33]. In the last years,
interventional EUS has spread rapidly, but the devices available have remained that
adapted from other interventional procedures for a long time. In fact, all the devices
commonly used come from luminal indications (i.e., biliary dilation balloon, biliary
stent, needle-knife), have adapted for transluminal indication and, even if the results
have been motivating, it was reasonable that they could be improved. As already
discussed, the use of fully covered SEMS (FCSEMS) partially resolved the issue of bile
leaks and bile peritonitis due to expanding radial force of the stent that seals the
transluminal fistula. However, in absence of specific anti-migratory properties, all the
biliary stent designed for luminal indication present a significant risk of dislocation
when used  for  transluminal  drainage  due  to  their  tubular  shape,  with  possible
subsequent peritonitis, perforation and cholangitis. With this regard, lumen-apposing
metal stent (LAMS) are fully covered “dumbbell”-shaped short stent made up of
braided nitinol, specifically designed for interventional trans-luminal EUS-guided
procedures, with distal anti-migratory flanges which provide the lumen-to-lumen
apposition effect[37]. The device is pre-loaded in a 9 French or 10.8 French catheter with
a through-the-scope delivery system compatible with therapeutic echoendoscope with
a working channel of 3.7 mm or larger. Currently, two different LAMS are available
on the market: Axios stent (Boston Scientific); Spaxus (Taewoong Medical). The 16
mm Spaxus stent has the largest flange (31 mm), followed by the 20 mm Axios stent
(29 mm). Moreover, short FCSEMS with peculiar anti-migratory shape have been
commercialized for similar indications: NAGI (Taewoong Medical); Aixstent (Leufen
Medical); Hanarostent (M.I. Tech)[38] (Figure 1). LAMS have been originally designed
for  EUS-guided  PFC  drainage,  as  they  provided  large  calibre  to  drain  solid
components  of  walled-off  necrosis,  low  risk  of  leak  alongside  the  stent  and  of
migration,  allowing  trans-stent  interventional  procedures,  such  as  endoscopic
necrosectomy[34,39-42]. In 2011, Binmoeller and Shah first described transluminal stenting
between two non-adherent lumens of the gastrointestinal tract using LAMS in an ex-
vivo model[43]. Soon after, in 2012, Itoi et al[44] reported the first experience of LAMS in
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Figure 2

Figure 2  Endoscopic view of infiltration of the papilla by invasive pancreatic cancer.

humans, describing the successful drainage of 15 symptomatic pancreatic pseudocyst
and 5 acute cholecystitis in patients unfit for surgery. Since then, several reports have
confirmed the feasibility and efficacy of LAMS in these settings, and the indication
has expanded to biliary drainage, where the smaller target [i.e., the bile duct instead of
PFC or gallbladder (GB)] lead to the development of smaller LAMS. In 2014, the first
EUS-CD with LAMS was successfully performed by Itoi and Binmoeller[45] in a patient
with unresectable pancreatic cancer and obstructive jaundice. Despite the innovative
and dedicated design, the LAMS delivery system was the same of the “old” non-
specific plastic stent or SEMS, and still included the same several steps: (1) Puncture
of  bile  duct  with FNA needle;  (2)  Guidewire introduction;  (3)  Tract  dilation;  (4)
Introduction and delivery of the LAMS. As discussed above, a multi-steps procedure
carries per se the risk of AE due to multiple exchanges (e.g., losing the wire and/or the
scope position, bile leakage during tract dilation). To overcome these shortcomings, a
LAMS delivery system has further evolved with the addition of an electrocautery tip
[electrocautery-enhanced  (EC)-LAMS-HOT-AXIOS,  Boston  Scientific  Corp.,
Marlborough, Massachusetts, United States] which allows a single-stage technique
with  the  access  to  the  target  lumen in  one-step  procedure,  without  the  need  of
multiple exchanges and with reduced fluoroscopy and procedure time[46-49] (Figures 3-
7). Data from the main studies on biliary LAMS are summarized in Table 1. In 2016,
Kunda et al[50] reported a retrospective analysis of 57 patients who underwent EUS-CD
with  LAMS (27  patients)  and EC-LAMS (30  patients).  The  overall  technical  and
clinical success were 98.2% and 94.6% respectively. The major AE rate was 7%, with 2
duodenal  perforation (one caused by the  tip  of  the  scope and not  related to  the
delivery of the stent; the other during tract dilation for subsequent LAMS placement
without cautery), 1 bleeding and 1 transient cholangitis. During the mean follow-up
of 151 ± 145 d, 5 out 54 patients (9.3%) need a re-intervention (1 LAMS migration; 4
sump syndrome). A prospective study from Tsuchiya et al[51] evaluated 19 patients
who underwent EUS-CD with EC-LAMS for MBO after failed ERCP. The stent was
deployed using the electro-enhanced catheter over a guidewire previously placed
with  a  19  Gauge  FNA needle  puncture.  The  Authors  reported  a  100% and 95%
technical and clinical success rate, with an AE rate of 36.3% (5/19), mostly with mild
severity. Five patients experienced stent obstruction due to occlusion by food residue
(n = 2), kinking (n = 1), tumour progression (n = 1) and spontaneous dislodgement (n
= 1),  and 4 patients underwent a successful  re-intervention.  Recently,  our group
reported a retrospective analysis of 46 patients with MBO treated with EC-LAMS after
failed ERCP with a single-stage procedure, that is with a direct access to the bile duct
with electro-enhanced catheter  without a  previously placed guidewire[48].  In our
series, the technical and clinical success rate were 93.5% (43/46) and 97.1% (42/43),
with a major AE rate of 11.6% (3 stent obstruction; 1 stent migration; 1 fatal bleeding).
The only case of stent migration was a mild AE that occurred after 148 d from the
procedure, and was successfully treated with a RV technique through the remaining
fistula and placement of a trans-papillary biliary SEMS. Stent obstruction were also
successfully managed with endoscopic interventions. Currently, no specific effective
measures have been identified to avoid AE in the setting of biliary LAMS. As far as
the  risk  of  LAMS  obstruction  is  concerned,  it  could  be  reasonable  to  manage
concomitant duodenal obstruction in the same session, as we reported higher rate of
LAMS  obstruction  in  this  sub-group  of  patients [48].  Technical  failures  with
misdeployment of the first flange of the stent occurred in case of endoscope instability
in the duodenal bulb, or due to a smaller CBD diameter. For such reason, we now
recommend to proceed with single-stage EUS-CD in more dilated CBD (i.e., 15 mm)
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and to pre-load the delivery system with a guidewire in difficult cases, in order to
perform an over-the-wire stent placement in case of misdeployment of the LAMS. Of
note, these cases were all successfully treated during the same endoscopic session, by
performing  a  RV  technique  through  the  fistula  with  subsequent  transpapillary
drainage or with a successful second attempt with EC-LAMS. Finally, nine patients
(19.6%) with concomitant duodenal obstruction were treated in the same session with
EUS-BD and subsequent duodenal stent placement, confirming the feasibility of a
complete  endoscopic  palliation  in  this  subgroup  of  patients[48,52-54].  A  recent
retrospective study of 52 patients treated with EC-LAMS for MBO confirmed the high
rate of technical and clinical success (88.5% and 100% respectively)[55]. The Authors
reported a 3.8% short-term (1 stent occlusion and 1 bleeding from pre-cut site of
previous failed ERCP) and 13.5% long-term AE rate (including stent obstruction due
to tumor progression or food impaction and stent migration). Various technique for
EC-LAMS placement have been used in this work, and the single-stage technique, in
addition  to  bile  duct  diameter  >  15  mm and EC-LAMS 6  mm,  was  found to  be
significantly associated to technical success. AE related to the use of LAMS for biliary
drainage in the setting of MBO are summarized in Table 2. Taken together, the cited
works highlight a high efficacy and a good safety of EUS-BD with LAMS. Of note, AE
reported were mostly successfully managed with endoscopic re-intervention (stent
cleansing,  stent-in-stent  placement),  and the risk of  bile  leakage,  bile  peritonitis,
perforation or  pneumoperitoneum compared to  classic  multi-steps  EUS-BD was
definitely lower. With an easier deployment technique, a good safety and a very short
procedural time, EUS-CD with LAMS seems currently one of the most performing
EUS-BD approaches[48,55].

FUTURE PERSPECTIVES AND UNRESOLVED QUESTIONS
The impressive results of EUS-BD have recently questioned the role of interventional
EUS as  a  mere  second  option  after  failed  ERCP,  advancing  the  hypothesis  of  a
possible primary role in MBO alternative to ERCP. It is clear that a trans-papillary
approach is difficult in case of duodenal obstruction, and EUS-BD could be the best
solution, but which is actually the best drainage strategy in a patient with MBO and
an accessible papilla remains debatable.  ERCP for MBO can be associated with a
significant morbidity, including acute pancreatitis and cholangitis, and pre-operative
drainage  is  not  indicated  in  patients  with  obstructive  jaundice  and  surgical
indication[9,10].  Moreover,  some  studies  reported  that  advanced  techniques  of
cannulation  (i.e.,  DGW  techniques,  pre-cut  sphincterotomy,  trans-pancreatic
septotomy) are associated with increased risk of AE[11,56]. These observations stressed
the  need  of  high  quality  evidences  comparing  ERCP  and  EUS-BD  as  primary
approach for MBO. Recently, 3 RCT trying to address the issue have been published,
and all concluded that EUS-BD has comparable outcome to ERCP in this setting[25-27].
However,  it  should  be  noted  that  these  RCT  have  been  powered  on  different
outcomes: AE rate for the study from Bang et al[25]; stent patency for the study from
Park et al[27]; technical success (designed as non-inferiority RCT) for the study from
Paik et al[26]. Despite the good design and the importance of the data provided, these
studies did not offered conclusive information about EUS-BD in primary biliary
drainage. Moreover, for the study from Paik et al[26], it should also be noted that the
AE rate in the ERCP group was higher than EUS-BD group, but extremely high in
absolute (39.1%), probably also because of the lack of prophylactic measure to prevent
post-ERCP pancreatitis[57]. However, the risk of pancreatitis in EUS-BD groups from
all  studies  was  0%,  as  expected  for  a  procedure  in  which  the  papilla  is  not
manipulated  and  the  pancreatic  parenchyma  is  always  spared.  None  of  the
aforementioned RCT used LAMS for  EUS-BD,  and a  future  challenge will  be  to
address in a RCT the outcome of EUS-CD with LAMS compared to ERCP for primary
biliary drainage.

Patency of biliary stents is a crucial issue in jaundice palliation, as stent occlusion
determines morbidity (e.g., cholangitis) and increases the need of re-interventions,
thus impacting on quality of life and costs. Biliary SEMS have demonstrated a longer
patency compared to plastic stents[9,58]. However, even SEMS carries a risk of occlusion
due to tumor ingrowth (for uncovered SEMS), and overgrowth (for FCSEMS)[59]. EUS-
CD is performed in a CBD segment above the obstruction and the stent does not cross
the neoplastic tissue. On the other hand, EUS-CD carries the risk of occlusion due to
food impaction or biliary sludge deposits, and this has been reported as particularly
relevant for patients with duodenal obstruction[48,50,51]. The long-term patency of LAMS
for EUS-CD has yet to be evaluated, and possible technical precautions aimed to
extend the patency duration needs further studies.
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Table 1  Comparison of the main studies reporting patients treated with lumen-apposing metal stent for distal malignant biliary
obstruction

Author n, patients EC-LAMS, n (%) Technical success (%) Clinical success (%) Adverse events (%)

Kunda et al[50] 57 27 (47.4) 98.2 96.4 7

Tsuchiya et al[51] 19 19 (100) 100 94.7 36.8

Anderloni et al[48] 46 46 (100) 93.5 97.7 11.6

Jacques et al[55] 52 52 (100) 88.5 100 17.3

Clinical success is reported as percentage among patients with technical success. EC-LAMS: Electrocautery lumen-apposing metal stent.

Another point that should be addressed is whether EUS-CD with LAMS is feasible
in patients candidate for pancreatic surgery. Almost all mentioned studies included
patients with unresectable malignancies, and very few information are available on
performing Whipple procedures in patients with an indwelling duodenal LAMS. In
the retrospective study from Jacques and colleagues[55], 2 patients underwent EUS-CD
with LAMS for pre-operative drainage, and a Whipple procedure was subsequently
performed without complications. Recently, a case series of patients who underwent
EUS-CD with LAMS before pancreatic surgery confirmed that duodenal LAMS did
not interfere with surgery[60]. Due to the small numbers, the question remain to be
clarified,  but  data are encouraging about the possibility  of  LAMS placement for
patient possibly candidate for surgery.

In patients with MBO and failed ERCP, an alternative to EUS-BD through the
traditional approaches (i.e.,  EUS-CD or hepatogastrostomy) is GB drainage. EUS-
guided GB drainage has emerged as an alternative treatment for acute cholecystitis in
patients unfit for surgery due to relevant comorbidity[61,62]. In this setting, GB drainage
with LAMS has been demonstrated as safe and effective[47,63]. A retrospective study
evaluated EUS-guided GB drainage with SEMS for jaundice palliation in 12 patients
with MBO[64]. The study reported a high technical and clinical success rate (100% and
91.7% respectively),  with AE in 16.7% and stent  dysfunction in  8.3%.  Currently,
further studies are needed to evaluate if LAMS could offer a better safety and efficacy
in this setting. Finally, technical innovation in design and delivery system could be
improve LAMS performance in the future,  especially to increase the duration of
patency and to reduce AE during deployment.

CONCLUSION
In a few years, advances in knowledge and technology radically changed the role of
interventional EUS in clinical practice and, at the same time, questioned therapeutic
algorithms which have been unchanged for several  years.  The last  technological
advance has been represented by LAMS, whose innovative design contributed to
improve  the  already exciting  results  of  EUS-BD.  A consistent  body of  evidence
highlights the advantages of EUS-BD over PTBD: lower AE; fewer re-interventions;
lower costs; internal drainage with a better quality of life; lower post-procedural pain;
different routes of drainage (trans-hepatic or extra-hepatic); the possibility to proceed
to drainage during the same session and with the same operator after failed ERCP;
concomitant jaundice and GOO palliation. With this background, LAMS contributed
to make easier and faster the drainage, to reduce the shortcomings of complex multi-
step procedures and probably will be responsible for further widespread of EUS-BD.
RCT  including  LAMS  to  compare  EUS-BD  and  ERCP  for  primary  drainage  are
lacking, and conducting high quality studies in this field will be one of the hardest
challenges in the next future.
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Table 2  Comparison of the adverse events reported in the main studies with lumen-apposing metal stent for distal malignant biliary
obstruction

Author Migration Bleeding Obstruction Cholangitis Others

Kunda et al[50] 0 1.7% (1/57) 0 1.7% (1/57) 3.5% (2/57)

Tsuchiya et al[51] 0 0 26.3% (5/19) 10.5% (2/19) 10.5% (2/19)

Anderloni et al[48] 2.2% (1/46) 2.2% (1/46) 6.5% (3/46) 0 0

Jacques et al[55] 1.9% (1/52) 1.9% (1/52) 13.5% (7/52) 11.5% (6/52) 0

Others: Include perforation, pneumoperitoneum, fever. In the study from Jacques et al[55], 6 patients presented both stent obstruction and cholangitis (total
adverse events: 9).

Figure 3

Figure 3  Graphic representation of the main interventional techniques applied to perform biliary drainage after failed endoscopic retrograde
cholangiopancreatography in malignant biliary obstruction. A: Percutaneous transhepatic biliary drainage; B: Endoscopic ultrasonography-guided choledocho-
duodenostomy with placement of bilary fully covered self-expanding metal stent; C: Endoscopic ultrasonography-guided choledocho-duodenostomy with placement of
lumen-apposing metal stent.

Figure 4

Figure 4  Echoendoscopic view of the first flange deployment of electrocautery-enhanced lumen-apposing metal stent in a dilated common bile duct.
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Figure 5

Figure 5  Final endoscopic appearance of electrocautery-enhanced lumen-apposing metal stent deployed in the duodenal bulb.

Figure 6

Figure 6  Final RX appearance of electrocautery-enhanced lumen-apposing metal stent deployed across the duodenal bulb into the common bile duct.

Figure 7

Figure 7  Computed tomography scan appearance of electrocautery-enhanced lumen-apposing metal stent deployed across the duodenal bulb and plastic
pancreatic stent previously placed during failed endoscopic retrograde cholangiopancreatography.
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