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Current uses and outcomes of lumen-apposing metal stents
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Abstract

The lumen-apposing metal stent (LAMS) is one of the revolutionary devices recently developed

for gastrointestinal endoscopy. This device has a saddle-shaped design and large lumen. It was
originally designed for drainage of transmural pancreatic fluid collection and in the last few years
it has been used extensively for that indication. More recently, other in- and off-label indications
have been proposed. Several types of LAMS are available, with or without an electrocautery-
enhanced delivery system. In the current review we discuss the state of the art with regard to
LAMS and their indications, usage, and outcomes.
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Introduction

The lumen-apposing metal stent (LAMS) is a recently
developed device. It has a “barbell” shape with flanged ends
that give it a theoretically very low risk of migration. This stent
was originally created for pancreatic fluid collection (PFC)
drainage, because of its larger inner lumen diameter than either
plastic or traditional self-expanding metal stents. In addition,
it allows for an endoscope to pass into collections to perform
direct necrosectomy. Over time, many indications have been
proposed.

There are several different LAMS systems available at this
time, with different lengths and diameters (Aixstent, Axios,
HOT AXIOS, Nagi, Spaxus, Hanaro-stent and Microtech-
stent for pseudocysts) (Fig. 1). The diameter and length
measurements vary between 6 x 8 mm and 16 x 30 mm. The
first described and most widely used and studied is the Axios
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system, “HOT”, in the novel electrocautery-tipped delivery
version (EC-LAMS).

This manuscript will review the current state of the art with
regards to LAMSs and their indications.

Technical aspects of EC-LAMS

The use of a LAMS designed for transluminal drainage was
first reported by Binmoeller and Shah in 2011 [1]. The AXIOS
stent (Boston Scientific, Marlborough, MA, USA, Fig. 1)
was designed to provide anchorage across non-adherent
luminal structures. The handle of the AXIOS delivery system
is Luer-locked onto the echoendoscope channel, analogous
to a standard fine needle. The mechanism of release of the
LAMS with an electrocautery-enhanced delivery system
allows puncture and release of the stent in a single-step
procedure, thus decreasing the number of accessories
to be exchanged and consequently potentially reducing
the frequency of complications. In fact, cautery enables
transmural advancement of the stent delivery catheter into
the target lumen without prior needle or guidewire insertion
or preliminary dilation. In addition, while endoscopic-guided
drainage has traditionally utilized fluoroscopy to optimize
visualization, the EC-LAMS system has the potential to be
deployed safely and effectively without fluoroscopic guidance,
using ultrasound alone. Immediately after entry into the
target lumen, the apposing stent is easily deployed under
endoscopic ultrasound (EUS) and endoscopic guidance.
The first clinical use of this device was described by Teoh,
Binmoeller and Lau [2].
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PFCs

PFCs are a frequent complication of acute pancreatitis and
are classified into pancreatic pseudocysts (PP) and walled-off
pancreatic necrosis (WON). Symptomatic PFC requires drainage
options that include endoscopic approaches. Endoscopic drainage
has emerged as the first-line therapy in the management of PP
and WON and has significant advantages compared with surgical
and percutaneous drainage [3]. EUS-guided drainage by use of
plastic stents or self-expanding metal stents (SEMS) has been well
established, but some concerns have been raised about the small
diameter of the first and the risk of migration of the second.

LAMS have been shown to be efficacious for endoscopic
transmural drainage of PP and WON (Fig. 2,3). Reports in
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Figure 1 Examples of lumen-apposing metal stents. (A) HOT AXIOS
stent (Boston Scientific), (B) Nagi stent (Taewoong Medical Co. Ltd.).
Adapted from Boston Scientific and Taewoong Medical Co. Ltd.

the literature concerning LAMS and PFC are continually
increasing (Table 1) [4-10]. A recent meta-analysis [11],
including technical and clinical success rate, and percentage
of adverse events, included 14 studies from 2012 to 2016 and
812 patients (608 WON, 204 PP). For drainage of WON, the
pooled technical success was 98.9% and clinical success was
90%. For drainage of PP, the pooled technical success was 97%
and clinical success was 98%. More recent studies confirmed
the good efficacy of the LAMS in the management of PFCs,
even in the “electrocautery-enhanced fluoreless” version. Yoo
et al identified 25 patients with PFC (3 PP, 22 WON) in whom
EUS-guided transmural drainage was performed using EC-
LAMS. Technical success with placement of the EC-LAMS was
achieved in all 25 patients. There were no procedure-related
complications. PFC resolved in 24 patients (96%) [10].

Some studies compared the efficacy and the safety of
LAMS and other stents in the treatment of PFC. A multicenter
retrospective study by Siddiqui ef al [9] showed that endoscopic
drainage and debridement of WON using LAMS was superior
to double-pigtail plastic stents (DPPS) in terms of overall
treatment efficacy. However, no significant differences were
observed in WON resolution when comparing LAMS with fully
covered SEMS (even though the mean number of procedures
required for WON resolution was significantly lower with LAMS
than with fully covered SEMS). A single-center retrospective
collection of data by Law et al [12] compared fully covered
SEMS and LAMSs in the drainage of WON and revealed
that, while the two stents were comparable in terms of clinical
efficacy and safety of EUS-guided drainage and debridement,
the LAMSs were associated with early revision necessitated
by either migration, dislodgment during necrosectomy, or
ineffective drainage. A single-center retrospective comparison
between LAMS and DPPS was performed by Lang, including
a total of 103 patients (84 DPPS, 19 LAMS) [13]. This analysis
showed that DPPS and LAMS were equally effective treatments
for PP and WON, but LAMS were associated with higher rates
of adverse events (53% vs. 11%), specifically bleeding.

Recently, more concerns have been raised about
complications of LAMS. An interim analysis of an ongoing
trial [14] showed a high rate of adverse events in patients with
WON treated using LAMS vs. WON treated with plastic stents
(6 patients vs. 0 patients, 50% vs. 0%). None of these adverse
events were encountered intraprocedurally; they manifested
late or were evident only at the time of clinical follow up.

Table 1 Comparison of main studies using lumen apposing metal stents for pancreatic fluid collections

Author [ref.] N° of patients PP WON Technical success rate (%) Clinical success rate (%) Adverse event rate
(%)

Rinninella [4] 93 18 75 WON 98.7 PP 100 WON 90.7 PP 100 5

Shah [5] 33 22 11 WON 81.8 PP 95.5 WON 63.6 PP 95.5 15.2

Siddiqui [6] 82 14 68 WON 100 PP 100 WON 88.2 PP 85.7 9.8

Walter [7] 61 15 46 WON 97.8 PP 92.9 WON 81.4 PP 100 9

Sharaiha [8] 124 0 124 WON 100 WON 86.3 11.3

Siddiqui [9] 86 0 86 WON 97.7 WON 89.5 12.8

Yoo [10] 25 3 22 WON 100 PP 100 WON 95.4 PP 100 8

WON, walled-off pancreatic necrosis; PP, pancreatic pseudocsts
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Figure 2 Endoscopic ultrasound image (7.5 MHz) of a large pancreatic
fluid collection with solid and liquid contents. HOT AXIOS stent
(Boston Scientific Corp.) on its delivery catheter before deployment
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Figure 3 Lumen stent immediately after deployment

The adverse events were bleeding (3 patients), buried LAMS
syndrome (2 patients) and biliary stricture secondary to
mechanical compression of the stent (1 patient). In particular,
delayed bleeding represents the most worrisome adverse event;
in fact LAMS, with the resolution of collection, causes a friction
against regional vasculature surrounding the necrotic cavity and
this can leading to bleeding. The authors suggest performing an
early computed tomography scan (no more than 3 weeks post
LAMS placement) to evaluate the response, potentially followed
by stent removal to prevent bleeding and buried syndrome [14].

In conclusion, the LAMS is an effective endoscopic
device and has the potential to significantly simplify and
streamline EUS-guided management of PFCs; this could
help its widespread adoption as an alternative to surgery.
With particular regard to the safety of these procedures, it
seems to be mandatory to perform prospective randomized
studies assessing risk factors for procedural adverse events of
EUS-guided treatment of PFCs, including the role of direct
necrosectomy.
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EUS-guided biliary drainage

After gaining initial experience with draining pancreatic
fluid collections, the indication for EUS-guided drainage
has expanded to the biliary system, including EUS-guided
hepaticogastrostomy, EUS-guided choledochoduodenostomy
and EUS-guided cholecystostomy in particular, in cases where
endoscopic retrograde cholangiopancreatography (ERCP) is
not feasible. LAMS have an increasing role in the setting of
choledochoduodenostomy (CDS) and gallbladder drainage
(GBD).

CDs

The increasing interest in LAMS for EUS-guided CDS was
stimulated by the lack of a dedicated metal stent. One of the first
cases described was by Itoi and Binmoeller [15]; the stent was
placed correctly without any adverse events in a patient with
unresectable pancreatic cancer and a previous failed ERCP.
In a retrospective study in seven tertiary European centers
that included 57 patients with unresectable distal bile duct
obstruction after ERCP failure, Kunda et al [16] demonstrated
technically successful placement of EUS-guided CDS with
AXIOS or HOT AXIOS LAMS in 56/57 patients (98.2%).
A range of stent sizes was used. Clinical success was achieved
in 54/56 patients (96.4%; 94.7% of entire cohort). The adverse
event rate was 7% and included two duodenal perforations, one
bleeding, and one transient cholangitis. Five patients required
re-intervention for a stent migration and sump syndrome in
4 patients. At the end of follow up, the stent was patent without
any intervention in 49/54 patients (90.7%).

A more recent prospective study by Tsuchiya [17] evaluated the
long-term outcome of EUS-CDS using LAMSs. Nineteen patients
with unresectable malignant diseases were treated in 5 tertiary
referral centers after a failed ERCP. EUS-CDS was performed using
a fully covered LAMS with a cautery-enhanced delivery system.
All stents were successfully deployed without any adverse events.
Jaundice improved finally in 95%. In 95% of patients the stents
remained in good anastomotic position without migration or
dislocation during a median six-month follow-up period. During
follow up, 5 patients had secondary stent obstruction because of
food residue (n=2), kinking (n=1), suspected tumor ingrowth
(n=1), and spontaneous dislodgement (n=1). The overall adverse
event rate was 36.8%, mostly with mild severity.

An approach for the palliation of patients presenting with
simultaneous duodenal and biliary obstruction, based on the
single-session sequential deployment of the novel cautery-tipped
LAMS and a duodenal stent in patients with unreachable papilla
or failed ERCP was also described, with optimal results [18].

In conclusion, the novel dedicated LAMSs have high
technical and clinical success rates for EUS-CDS. The adverse
events and patency rates may represent a limitation and further
comparison studies with transpapillary stents are needed. In
addition, stent design improvements are necessary to produce
a more suitable and dedicated LAMS [17].
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EUS-guided GBD

EUS-guided GBD (Fig. 4,5) using LAMS is still in
development but has been performed in specific situations with
very encouraging results. The indication remains the need for
decompression of the gallbladder in patients unfit for surgery,
in the setting of acute cholecystitis and/or biliary obstruction
due to neoplastic conditions.

In a retrospective review of 15 non-surgical patients in 3
tertiary care centers who underwent EUS-GBD using the
AXIOS LAMS to decompress the gallbladder, Irani et al [19]
had technical success in 93.3% of patients and achieved clinical
success in 15/15 patients over a median follow up of 160 days.
Indications for the procedures included 7 patients with
calculous cholecystitis, 4 with acalculous cholecystitis, 2 with
biliary obstruction, 1 with gallbladder hydrops, and 1 with
symptomatic cholelithiasis. One patient had post-procedure
fever for 3 days; no other adverse events were noted. No
patients had evidence of post-procedure bile leakage or stent
migration.
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Figure 4 Endoscopic ultrasound image (7.5 MHz) of drainage,
performed from the duodenal bulb directly with the HOT AXIOS
device (distal flange opened inside the gallbladder)

Figure 5 Endoscopic image showing pus draining through the stent
from the gallbladder
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The first multicenter prospective study of the use of a
LAMS for EUS-GBD in high-risk surgical patients with acute
cholecystitis was published by Walter et al [20]. Technical success
was achieved in 27/30 patients (90.0%) and clinical success in
26/27 patients (96.3%). Interestingly, half of the patients did not
undergo LAMS removal because of their poor functional status
and/or because they declined a repeat procedure. These stents
were left in place for an average time of 364 days, during which
time no LAMS-related complications were observed. Regarding
safety, the 30-day mortality in the study was 17%, comparable
with the 30-day mortality or in-hospital death of 15.4% after
percutaneous GBD (PTGBD). In addition, the 7% stent-
related or procedure-related mortality observed in the study is
comparable with that of PTGBD (around 4%). However, the rate
of non-fatal serious adverse events (n=9, 30%) is substantially
higher than reported for PTGBD (15%).

A recent multicenter study focused on GBD using LAMS.
The authors retrospectively evaluated a large cohort of
prospectively enrolled patients with acute cholecystitis and
high surgical risk who underwent EUS-GBD using the newly
available electrocautery-enhanced delivery system. The study
showed technical and clinical success rates of 98.7% and 95.9%,
respectively, with procedure-related and short- and long-term
adverse events occurring in 10.7% of the entire cohort. The
authors reported serious stent- or procedure-related adverse
events in 13% of patients [21].

A retrospective study of 118 patients that compared PTGBD
(59 patients) and EUS-guided drainage with both AXIOS and
HOT AXIOS devices (59 patients) found no differences in
technical and clinical success between the PTGBD and EUS-
GBD arms, but the overall adverse events and severe adverse
events were much more frequent in the PTGBD subgroup as
compared with the EUS-GBD subgroup (74.6% vs. 32.2%,
P<0.001, and 74.6% vs. 23.7%, P<0.001, respectively) [22].

Similar conclusions (but with more advantages for EUS-
GBD) were drawn by Irani et al [23] in a retrospective study
comparing EUS-GBD and PTGBD in 7 centers across USA,
Europe and Asia. A total of 90 patients with acute cholecystitis
underwent EUS-GBD (n=45) or PTGBD (n=45). No statistically
significant differences were reported concerning the technical
and clinical success. A nonsignificant trend toward fewer
adverse events was appreciated in the EUS-GBD group. Patients
who underwent EUS-GBD seemed to have shorter hospital
stays, lower pain scores, and fewer repeated interventions.

Another field of research for LAMSs will surely be GBD
for rescue treatment of malignant distal biliary obstruction
after unsuccessful ERCP. In 2016 Imai et al [24] tested the
use of SEMS in this setting with good results. The rates of
technical success, functional success, adverse events, and stent
dysfunction were 100%, 91.7%, 16.7%, and 8.3%, respectively.

Thus, EUS-guided transmural GBD is emerging as an
attractive, elegant alternative to PTGBD for the management
of acute cholecystitis in surgical high-risk patients. Moreover,
“salvage” GBD with LAMS seems to be an attractive option
in malignant obstructing conditions. Comparative controlled
studies are required to confirm these results in terms of long-
term outcomes and cost-effectiveness.



Other procedures

Gastroenterostomy (GE)

EUS-guided GE has regained traction as a feasible, less
invasive alternative to surgical bypass, fueled by the use of
LAMS. In the direct EUS-GE technique, a 22-G needle is used
for transgastric (TG) puncture into the lumen of the apposing
jejunum and saline infusion is used to distend the bowel. A larger
19-G needle is then used to coil a wire within the distended
jejunum, the gastroenterostomy tract is dilated over that wire,
and the LAMS may be deployed across the tract. HOT-AXIOS is
available to avoid the steps of TG puncture and wire placement.

Tyberg et al examined the utility of LAMS for EUS-guided
gastrojejunostomy (EUS-GJ) in patients with benign and
malignant gastric outlet obstruction (GOO). In an international,
prospective trial of 26 patients with GOO, the authors
demonstrated technical success using LAMS in 24 patients
(92.3%). The authors used EUS to identify a loop of small bowel
beyond the level of obstruction and access it via EUS fine-needle
aspiration and guidewire placement, allowing transluminal
LAMS placement. Clinical success, in which patients were able
to tolerate an oral diet, was achieved in 22 patients (84.6%) [25].

In recent times, a direct comparison between EUS-GJ
using LAMS and laparoscopic gastrojejunostomy (Lap-GJ)
was performed in a multicenter study and 54 patients were
enrolled [26]. Technical success was achieved in 29 (100%)
patients in the Lap-GJ group and 22 (88%) in the EUS-GJ group
(P=0.11). Clinical success was achieved in 28/29 patients (90%)
in the Lap-GJ group and 21/25 patients (84%) in the EUS-GJ
group (P=0.11). Adverse events occurred in 41% (n=12) of
patients in the Lap-GJ group and 12% (n=3) in the EUS-GJ
group, i.e., significantly lower in the EUS-GJ group (P=0.0386).

EUS-directed TG ERCP

ERCP in patients who have undergone Roux-en-Y gastric
bypass is technically challenging. The technical success rate of
deep enteroscopy-assisted ERCP is 63%, but this is dependent
on the length of the roux limb and operator experience.
Ngamruengphong et al [27] describe a multicenter experience
using LAMSs (AXIOS and HOT AXIOS Stent) to create an
EUS-guided TG fistula to facilitate peroral ERCP in these
patients. The technical success rate of EUS-TG was 100%, from
jejunum to the excluded stomach in 54% of patients and from
the gastric pouch to the excluded stomach in the remaining
patients. After EUS-TG, ERCP through the LAMS placed
through the transgastric fistula was performed successfully
in all 13 patients (100%). Clinical success was achieved in all
patients (100%). Two patients with severe acute cholangitis
underwent ERCP during the same session. In 11 patients who
underwent ERCP at a subsequent session the LAMS was kept
in situ for a median of 11 days prior to the ERCP. Regarding
LAMS removal, one of 13 patients still had the stent in place
at the time of writing the article. In the remaining 12 patients,
the LAMSs were removed at a median of 20 days after EUS-TG.
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Postsurgical fluid collections (PSFCs)

PSFCs are traditionally drained either percutaneously
or surgically. Endoscopic drainage offers several advantages
compared with either percutaneous or surgical approaches,
including avoiding repeat surgery or the need to have a
percutaneous drain in place for weeks. Mudireddy et al [28]
presented their data about drainage with LAMS (“hot” and
“cold” AXIOS in 47 patients with fluid collection after various
surgeries). Most collections (26/47, 55%) were the result of
pancreatic duct leaks after pancreatic resections. Other surgical
procedures resulting in PSFCs managed with LAMS placement
included liver transplantation, liver resection, cholecystectomy,
colorectal resection, gynecologic surgery, or bariatric surgery.
The site of drainage was transgastric (technical success 32/34),
transduodenal (4/5), or transrectal (8/8). The overall technical
success rate was 93.6% and the clinical success rate 89.3%.
The rate of intraprocedural adverse events (migrations) was
4.25% and the postprocedural rate was 6.4% (1 migration, 1
perforation, 1 infection).

Gastrointestinal (Gl) benign strictures

Intuitively, it would seem that LAMS could be used also for
selected luminal GI strictures with appropriate anatomy; some
recent studies investigated the use of this device in benign
luminal GI stricture (BLGS), often refractory to standard
endoscopic interventions.

Yang et al [29] presented an observational, retrospective,
single-arm, multicenter consecutive case series of patients
undergoing LAMS placement for BLGS. Overall, most luminal
strictures were anastomotic (25/30; 83.3%), with gastrojejunal
anastomotic strictures being the most common type. Median
stricture diameter and length were 4.5 mm and 8 mm,
respectively. Technical success was achieved in 29 patients
(96.7%), with an adverse event rate of 13.3% (one bleeding and
one perforation). The stent migration rate was 8.0% (2/25) on
follow-up endoscopy. Short-term clinical success was achieved
in 90.0% at a median of 60 days. Most patients (19/23; 82.6%)
experienced sustained symptom improvement or resolution
without the need for additional interventions at a median
follow up of 100 days after LAMS removal.

Concluding remarks

EUS connection of luminal structures within the GI tract
using LAMSs has gained wide acceptance and has been the
subject of many studies with different indications, as these
minimally invasive procedures provide great opportunities to
avoid invasive surgical procedures. Of the currently available
LAMSs, the AXIOS stent is the most commonly described
in the literature and has shown very satisfactory rates of
technical and clinical success for the procedures described
above, in particular for the drainage of PFCs and the bile duct
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system. Because of its cost and the non-negligible adverse
events associated with it, further comparative studies with
“traditional” techniques are required before LAMSs come
into widespread use, but the early results are promising
and novel indications will further challenge and expand its
applicability.
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