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ABSTRACT

Background and study aims Although outcomes of lu-

men-apposing metal stents (LAMS) placement in native

anatomy have been reported, data on LAMS placement in

surgically altered anatomy (SAA) are sparse. We aimed to

assess outcomes of LAMS placement in patients with SAA

for different indications.

Patients and methods This was an international, multi-

center, retrospective, observational study at 25 tertiary

care centers through November 2023. Consecutive patients

with SAA who underwent LAMS placement were included.

The primary outcome was technical success defined as cor-

rect placement of LAMS. Secondary outcomes were clinical

success and safety.

Results Two hundred and seventy patients (125 males;

average age 61 ± 15 years) underwent LAMS placement

with SAA. Procedures included EUS-directed transgastric

ERCP (EDGE) and EUS-directed transenteric ERCP (EDEE) (n

=82), EUS-guided entero-enterostomy (n =81), EUS-guid-

ed biliary drainage (n =57), EUS-guided drainage of peri-

pancreatic fluid collections (n =48), and EUS-guided pan-

creaticogastrostomy (n =2). Most cases utilized AXIOS

stents (n =255) compared with SPAXUS stents (n =15).

Overall, technical success was 98%, clinical success was

97%, and the adverse event (AE) rate was 12%. Using AGREE

classification, five events were rated as Grade II, 21 events

as Grade IIIa, and six events as IIIb. No difference in AEs

were noted among stent types (P =0.52).

Conclusions This study shows that placement of LAMS is

associated with high technical and clinical success rates in

patients with SAA. However, the rate of AEs is noteworthy,

and thus, these procedures should be performed by expert

endoscopists at tertiary centers.
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Introduction
The lumen apposing metal stent (LAMS) is a cutting-edge
endoscopic device utilized for both benign and malignant con-
ditions [1, 2]. Its unique "barbell" shape features flanged ends
that provide a remarkably low risk of migration. While initially
designed for draining pancreatic fluid collections (PFC) due to
its larger inner lumen diameter compared with plastic stents
or traditional self-expanding metal stents, it also enables endo-
scopes to access collections and conduct direct necrosectomy.

Numerous endoscopic ultrasound (EUS)-guided techniques
have been described in recent years [2]. Notably, the deploy-
ment of LAMS through EUS guidance has enabled the treatment
of a wider range of gastrointestinal conditions, including gastric
outlet obstruction (GOO), drainage of fluid collections in the
pancreas and other intraabdominal and pelvic areas, gallblad-
der drainage, and treatment of distal malignant biliary obstruc-
tion, among others [2, 3].

Recently, there has been a surge in use of LAMS to manage
patients with surgically altered anatomy (SAA). These patients
would have otherwise needed surgical or percutaneous inter-
ventions. The wide lumen design of LAMS allows easy access to
the distant parts of the gastrointestinal tract that would have
previously been difficult to reach [3]. As a result, minimally in-
vasive interventions have gained immense popularity, with a
growing body of literature [4, 5].

However, data are limited on outcomes following LAMS
placement in SAA. To bridge this critical knowledge gap, we
aimed to analyze a large cohort of patients who underwent
LAMS placement in SAA for various indications.

Patients and methods
Study design and population

Our study analyzed data from 25 international tertiary care
centers, with 12 located in Italy, five in the United States, two
in Belgium, and one each from Norway, Switzerland, Ecuador,
Costa Rica, Saudi Arabia, and India. Consecutive patients with
SAA underwent EUS-guided placement of LAMS through No-
vember 2023 for various indications, including malignant bili-
ary obstruction, cholecystitis, drainage of peri-PFC, EUS-guided
creation of enteric anastomoses, and EUS-directed transgastric
endoscopic retrograde cholangiopancreatography (EDGE). De-
mographic information, procedure-related details, and follow-
up data were collected from electronic charts and telephone
contacts. The study was approved by the institutional review
board of Humanitas Mater Domini as well as individual contri-
buting centers.

Study outcomes, definitions, and statistical analysis

We considered technical success as the primary outcome,
which meant successful placement of LAMS.We also measured
clinical success by monitoring improvements in clinical param-
eters such as bilirubin level, white blood cell count, and ability
to tolerate an oral diet. We categorized adverse events (AEs) as
either early, occurring within 48 hours, or late, occurring after
48 hours. These events included bleeding, perforation, stent

migration, mortality, and others. The AGREE classification was
used to rate AEs [6]. Descriptive statistical analysis was per-
formed using SPSS v27 (IBM, Armonk, New York, United States).
A test of proportion (Z-test) was used to compare AE rates
among stent types.

Technique

Experienced operators performed all procedures under general
anesthesia or propofol sedation using therapeutic EUS. LAMS,
which included both AXIOS (Boston Scientific) and SPAXUS
(Taewoong Medical) stents, were utilized. The AXIOS stents
were available in sizes ranging from 6 × 8mm to 20 × 10mm,
while the SPAXUS stents were available in sizes ranging from 8
× 20mm to 16 × 20mm. Endoscopists used either LAMS with or
without a cautery tip based on their preferences or institutional
availability. Placement of LAMS with a guidewire or using free-
hand puncture technique was also at the discretion of the
endoscopist.

Results
A total of 270 patients were included, 125 of whom were male.
The average age of the cohort was 61 ± 15 years (▶Table 1).
Overall, use of LAMS in SAA was associated with a high techni-
cal success rate (98%) as well as a high clinical success rate
(97%). The AE rate was 12% (n =32/270). Twenty-one cases uti-
lized non-cautery enhanced LAMS while 249 utilized cautery
enhanced LAMS. In addition, 15 cases utilized SPAXUS stents
where one AE was noted compared with the remaining 255

▶ Table 1 Procedures and outcomes of lumen apposing metal stents in
surgical anatomy.

Procedure and outcomes Values

EUS-guided transgastric ERCP (EDGE) and EUS-directed
transenteric ERCP (EDEE)

82

EUS-guided entero-enterostomy 81

EUS-guided biliary drainage 57

EUS-guided drainage of peri-pancreatic fluid collections 48

EUS-guided pancreatogastrostomy 2

AXIOS 255

SPAXUS 15

Technical Success 98%

Clinical Success 97%

Overall adverse events 12%

AGREE Classification

▪ Grade II 5

▪ Grade IIIa 21

▪ Grade IIIb 6

EUS, endoscopic ultrasound; ERCP, endoscopic retrograde cholangiopan-
creatography.
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cases which utilized AXIOS stents with 31 associated AEs. To
this end, there was no statistical differences in AEs between
SPAXUS and AXIOS (P =0.52). Cases using SPAXUS stents had
100% technical and 100% clinical success rates while AXIOS
was associated with 98% technical success and 97% clinical suc-
cess rates.

Overall, AEs included early bleeding (2%), late bleeding (2%),
perforation (2%), early migration (1%), late migration (1%), pul-
monary embolism (< 1%), jaundice (< 1%), subhepatic fluid col-
lection (< 1%), fever (< 1%), nausea & abdominal distention (<
1%), stent misdeployment (< 1%), and stent occlusion (< 1%).
Two cases of late stent migration led to the formation of gastro-
colonic fistulas.

EUS-directed transgastric ERCP and EUS-directed
transenteric ERCP

Eighty-two patients with SAA underwent the EDGE procedure
or EUS-directed transenteric ERCP (EDEE). Surgical anatomy in-
cluded Roux-en-Y gastric bypass (80) and other (2). Indications
included abdominal pain (4), abnormal computed tomography
findings (1), afferent loop syndrome (1), bile leak (2), bleeding
(1), common bile duct (CBD) stricture (3), cholangitis (21),
choledocholithiasis (24), elevated liver enzymes (1), fine-need
aspiration and radiofrequency ablation of an insulinoma at the
head of the pancreas (1), unknown jaundice or obstruction
(12), access pancreas (3), surgical stricture (1), unknown/other

(6), and surgical exclusion (1). The stents used included 8 × 8
mm (HOT AXIOS; 1), 15 × 10mm (Hot AXIOS; 9), and 20 × 10
mm (Hot AXIOS; 71). Overall, stent placement was associated
with a high technical success rate and clinical success rate, as
well as a low rate of AEs though two perforations were noted
with one stent misdeployment (▶Table2).

EUS-guided entero-enterostomy

Eighty-one patients with SAA underwent creation of entero-en-
terostomy. Sixty-nine percent were indicated for malignancy
whereas 31% were indicated for benign etiology. Surgical anat-
omy included proximal total gastrectomy (2), proximal subtotal
gastrectomy (5), Billroth I (3), Billroth II (7), pylorus preserving
Whipple (17), not pylorus preserving Whipple (18), Roux-en-Y
gastric bypass (20), duodenal switch (1), distal gastrectomy
(1), and others (7). Stents used for drainage included 16 × 20
mm (Cold SPAXUS; 2), 8 × 20mm (Hot SPAXUS; 1), 10 × 20
mm (Hot SPAXUS; 1), 10 × 10mm (Hot AXIOS; 1), 15 × 10mm
(Cold AXIOS; 28), 15 × 15mm (Hot AXIOS; 3), and 20 × 10mm
(Hot AXIOS; 45). Overall, stent placement was associated with a
high technical success rate and clinical success rate, as well as a
low rate of AEs although two perforations were noted with one
stent misdeployment (▶Table 3). Two cases (within the malig-
nant subgroup) were not technically successful due to difficulty
with distending the distal small bowel.

▶ Table 2 Outcomes following EDGE and EDEE.

Procedure n Technical success Clinical success Adverse event

EDGE 79 97.5% 97.5% Early bleeding (1)
Early perforation (1)
Late perforation (1)
Abdominal distension/nausea (1)

EDEE 3 100% 100% Stent misdeployment (1)

EDGE, endoscopic ultrasound-directed transgastric endoscopic retrograde cholangiopancreatography; EDEE, endoscopic ultrasound-directed transenteric endo-
scopic retrograde cholangiopancreatography.

▶ Table 3 EUS-guided placement of LAMS for biliary drainage.

Procedure n Technical success Clinical success Adverse event

EUS-cholecystogastrostomy 24 87.5% 79.2% Early bleeding (2)
Early perforation (1)

EUS-choledochoduodenostomy 14 100% 93% Impacted food (1)

EUS-colecystoduodenostomy 10 100% 100% Stent occlusion from BD stone (1)
Jaundice 2/2 BD stricture (1)
Late bleeding (3)
Early bleeding (1)

EUS-cholecystojejunostomy 6 83.3% 83.3% Stent misdeployment (1)

EUS-hepaticogastrostomy 2 100% 100% Late migration (1)
Sub-hepatic collection (1)

EUS-choledochojejunostomy 1 100% 100% None

EUS, endoscopic ultrasound; LAMS, lumen apposing stent.
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Biliary drainage

Fifty-seven patients with SAA underwent EUS-guided biliary
drainage (BD) for malignant (n =35) and non-malignant etiolo-
gies (n =22). Surgical anatomy included Billroth II (14), Billroth I
(12), pylorus preserving Whipple (8), not pylorus preserving
Whipple (4), Roux-en-Y bypass (3), sleeve gastrectomy (3), to-
tal gastrectomy (2), proximal subtotal gastrectomy (2), partial
gastrectomy with Roux-en-Y bypass (2), hepaticojejunostomy
(2), bilio-digestive anastomosis (1), duodenojejunostomy (1),
gastrojejunostomy (1), McKeon esophagectomy with Roux-en-
Y bypass (1), and esophagectomy with hemigastrectomy and
gastric pull-up (1).

For cases of malignant biliary obstruction, 34% of patients (n
=12/35) failed prior ERCP and stayed on average of 11 days in
the hospital (total) and 9 days after their procedure. In patients
who underwent CBD drainage, the average diameter was 18 ± 4
mm. Only AXIOS stents were used, which included 20 × 10mm
(8), 15 × 15mm (5), 15 × 10mm (8), 10 × 10 (4), 8 × 8mm (4),
and 6 × 8mm (3), unknown (3). For non-malignant BD, cases
were performed for indications of cholecystitis (15), biliary
stones (3), biliary strictures (3), and cholangitis (1). LAMS used
included 10 × 20mm (1; SPAXUS), 10 × 10mm (15), 15 × 10
mm (4), and 20 × 10mm (2). Patients were discharged on aver-
age 6.5 days after their procedure. Overall, stent placement
was associated with a very high technical success rate and clin-
ical success rate, as well as a low rate of AEs (▶Table4).

Drainage of peri-PFC

Forty-eight patients with SAA underwent drainage of peri-PFC.
Surgical anatomy included proximal subtotal gastrectomy (1),
Billroth I (4), Billroth II (2), sleeve gastrectomy (13), pylorus
preserving Whipple (15), not pylorus preserving Whipple (8),
Total pancreatectomy pylorus preserving (1), Roux-en-Y gastric
bypass (2), and others (2). Patient symptoms included fever
(16), nausea/vomiting (15), abdominal pain (13), fever + ab-
dominal pain (2), asymptomatic (1), and poor oral intake with
elevated CRP (1). The average fluid collection size was 82.5 ±
28.8mm while the average fluid collection size at the time of
stent removal was 19.2 ± 13.1mm. Stents used for drainage in-
cluded 10 × 20mm (Cold SPAXUS; 5), 16 × 20mm (Cold
SPAXUS; 1), 16 × 20mm (Hot SPAXUS; 4), 10 × 10mm (Hot AX-
IOS; 14), 15 × 10mm (Cold AXIOS; 9), 15 × 15mm (Hot AXIOS;
10), and 20 × 10mm (Hot AXIOS; 5). Overall, stent placement
was associated with a high technical success rate and clinical
success rate, as well as a low rate of AEs (▶Table 5). Further-
more, 20 cases utilized double pigtail stents whereas 28 cases
did not use double pigtail stents, with no difference in out-
comes noted.

Pancreaticogastrostomy

Two cases of pancreaticogastrostomy were reported in patients
with non-pylorus preserving Whipple that utilized 6 × 8mm hot
AXIOS stents. Both procedures had 100% technical success and
100% clinical success with no AEs.

▶ Table 4 Outcomes following EUS-guided creation of entero-enterostomy.

Procedure n Technical suc-

cess

Clinical success Adverse event

EUS-gastroenterostomy 64 97% 97% Late bleeding (1)
Early stent migration (2)
Late stent migration (2)
Early perforation (1)
Pulmonary embolism (1)

EUS-jejunojejunostomy 13 100% 100% Early migration (1)

EUS-gastroduodenostomy 1 100% 100% None

ESU-duodenojejunostomy 3 100% 100% Late bleeding (1)
Perigastric effusion (1)

▶ Table 5 EUS-guided drainage of peri-pancreatic fluid collections.

Procedure n Technical suc-

cess

Clinical success Adverse event

EUS-cystgastrostomy without pigtail stents 25 100% 100% Intraprocedural bleeding (1)

EUS-cystgastrostomy with pigtail stents 20 100% 100% Delayed bleeding (1)
Fever (1)

EUS-cystjejunostomy without pigtail stents 1 100% 100% None

Other 2 100% 100% None

EUS, endoscopic ultrasound.
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Discussion
Our study represents the first extensive evaluation of LAMS
placement in SAA. By conducting an international multicenter
study involving 270 patients, we found that LAMS placement
in SAA boasts impressive technical and clinical success rates.
While AEs were notable, there were no endoscopy-related cases
of mortality. Use of LAMS in SAA yielded a remarkable technical
success rate of 98% and a clinical success rate of 97%. In total,
32 of 270 individuals experienced AEs, resulting in a 12% AE
rate. These events encompassed early and late bleeding, per-
foration, migration, pulmonary embolism, jaundice, subhepa-
tic fluid collection, fever, nausea and abdominal distention,
stent misdeployment, and stent occlusion.

In our study, LAMS were used for biliary decompression in
treatment of malignant biliary obstruction as well as treatment
of non-malignant etiologies. To this end, EUS-BD is a viable al-
ternative to ERCP, specifically by directly accessing the bile duct
or the gallbladder [7]. A meta-analysis of 18 studies examining
EUS-BD in SAA reported pooled technical success, clinical suc-
cess, and AE rates of 97.8% (95% confidence interval [CI], 95.8–
99.7%), 94.9% (95% CI, 91.8–98.1%), and 12.8% (95% CI, 7.4–
18.1%), respectively [8]. Our results are in line with these out-
comes. It is important to note that the European Society of Gas-
trointestinal Endoscopy recommends considering EUS-BD as a
treatment option for malignant biliary obstruction after failed
ERCP, provided local expertise is available [9].

Moreover, endoscopic gallbladder drainage is used in man-
agement of patients with cholecystitis who are deemed poor
surgical candidates [10, 11]. Compared with the percutaneous
approach, EUS-BD using LAMS has demonstrated similar tech-
nical and clinical success, but lower AE rates, shorter hospital
stays, and reduced rates of unplanned readmissions and recur-
rent cholecystitis [12]. Despite limited data on LAMS placement
for acute cholecystitis in SAA, our findings support the feasibil-
ity of this procedure in this specific patient population. Notably,
our study showed 100% technical success and 100% clinical suc-
cess, and minor AEs with no cases of perforation, misdeploy-
ment, or stent migration.

LAMS are used for managing symptomatic patients with
peri-PFC. Our study reported outcomes of LAMS placement in
SAA for the drainage of peri-PFC. To this end, we found that
LAMS placement for this indication was associated with good
technical and clinical success rates with minor AEs. No differ-
ence in outcomes was noted in cases utilizing double pigtail
stents versus those not using double pigtail stents. A meta-a-
nalysis of eight studies (n =460) showed that the clinical suc-
cess rate (relative risk [RR] 1.00, 95% CI 0.87–1.14) and overall
AE risk (RR 1.60, 95% CI 0.95–2.68) remained comparable be-
tween groups who used double pigtail stents versus those who
did not use double pigtail stents [13].

In past decades, the EDGE or EDEE procedure has gained sig-
nificant popularity, with Tyberg et al. suggesting 25 to 35 pro-
cedures were needed to become proficient [14, 15]. A retro-
spective multicenter study conducted by Runge et al. with 178
patients undergoing the EDGE procedure showed a technical
success rate of 98% (175/178) with a mean procedure time of

92 minutes [16]. However, periprocedural AEs occurred in
15.7% of patients (mild 10.1%, moderate 3.4%, severe 2.2%),
with laparoscopic management required for four severe cases
[16]. A meta-analysis of 16 studies involving 470 patients
showed a pooled technical success rate of 96% (95% CI 92% -
97.6%) where clinical success was achieved in 91% of cases
(95% CI 85% - 95%) [17]. In addition, the study reported a 17%
rate of AEs including failure of fistula closure (17%), stent mi-
gration (7%), bleeding (5%), post-EDGE weight gain (4%), per-
foration (4%), and post-ERCP pancreatitis (2%) [17]. Our study
also found high technical and clinical success rates; however,
two cases of perforation and one case of stent misdeployment
were reported. Thus, this underscores a need for prudence and
good endoscopic skills to minimize these risks.

This study also examined outcomes associated with creation
of EUS-guided entero-enterostomies. Traditionally, this proce-
dure was performed using a surgical approach. More recently,
EUS-GE has been shown to be superior to enteral stenting in
treating GOO. A recent randomized trial showed that EUS-guid-
ed gastroenterostomy led to reduced reintervention rates, bet-
ter stent patency, and improved eating habits when compared
with duodenal stenting [18]. Our study contributes to the
growing body of literature showing that creation of entero-en-
terostomies is viable, even in patients with SAA [19, 20, 21]. Fi-
nally, two cases of pancreaticogastrostomy were reported with
good outcomes. Although our study drew from a large interna-
tional multicenter cohort, only two cases of LAMS placement
for this indication were observed, thus illustrating that this pro-
cedure is rarely performed, even by expert endoscopists [22].
Larger studies evaluating endoscopic pancreaticogastrostomy
are needed.

Our study has limitations. First, this was a retrospective
study, which is subject to inherent bias, particularly selection
bias. Second, we were unable to perform statistical compari-
sons due to the heterogeneity of the sample and the small sam-
ple sizes of specific procedures. Third, this study was under-
powered to detect differences between stent types and should
be interpreted with caution. Finally, long-term follow-up data
are lacking. Despite these limitations, it remains the first and
most extensive analysis of LAMS in patients with SAA across
various indications. Moreover, our study draws on a vast sample
size from multiple international centers. Given that prospective
studies or randomized trials are not readily available specifically
for patients with surgical anatomy, we are confident that our
study offers valuable insights and guidance to endoscopists
who frequently employ LAMS for these indications.

Conclusions
In conclusion, interventional EUS has greatly broadened our
therapeutic capabilities in creating novel gastrointestinal con-
duits. With the emergence of additional data, particularly in pa-
tients with SAA, it is anticipated that these endoscopic meth-
ods will become more common practice. Our study shows that
LAMS placement in patients with SAA is effective and associat-
ed with good clinical outcomes. However, these procedures are
associated with notable AEs.
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