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ABSTRACT

Background and study aims Endoscopic ultrasound

(EUS)-guided transmural (TM) deployment of lumen-ap-

posing metal stents (LAMS) is considered relatively safe in

non-cirrhotic patients and is cautiously offered to cirrhotic

patients.

Patients and methods This was a retrospective, multicen-

ter, international matched case-control study to study the

safety of EUS-guided TM deployment of LAMS in cirrhotic

patients.

Results Forty-three cirrhotic patients with model for end-

stage liver disease score 12.5 ±5, with 23 having ascites

and 16 with varices underwent EUS-guided TM LAMS de-

ployment, including 19 for pancreatic fluid collection (PFC)

drainage, 13 gallbladder drainage, six for endoscopic ultra-

sound-directed transgastric endoscopic retrograde cholan-

giopancreatography (ERCP), three for EDGI, one for endo-

scopic ultrasound-directed transenteric ERCP, and one

postsurgical collection drainage. Technical failure occurred

in one LAMS for PFC drainage. Clinical failure was encount-

ered in another PFC. Nine adverse events (AEs) occurred.

The most common AE was LAMS migration (3), followed by

non-bleeding mucosal erosion (2), delayed bleeding (2),

sepsis (1), and anesthesia-related complication (pulseless

electrical activity) (1). Most AEs were graded as mild (6),

followed by severe (2), and moderate (1); the majority

were managed conservatively. On univariable comparison,

risk of AE was higher when using a 20×10mm LAMS and

the absence of through-the-LAMS plastic stent(s). Condi-

tional logistic regression of matched case-control patients

did not show any association between potential predicting

factors and occurrence of AEs.

‡ These authors contributed equally.
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Introduction
The transmural deployment of lumen-apposing metal stents
(LAMS) under endoscopic ultrasound (EUS) guidance has ex-
panded the array of gastrointestinal pathologies that can be
endoscopically managed [1, 2]. Although LAMS were originally
developed for the device-labeled uses of pancreatic fluid collec-
tion (PFC) and walled-off necrosis (WAN) drainage, the electro-
cautery-assisted bi-flanged design of LAMS paved the way for
its use in many other indications that rely on the creation of de
novo fistulas, such as endoscopic gallbladder drainage, man-
agement of gastric outlet obstruction, and access to the distal
parts of the gastrointestinal tract for pancreaticobiliary inter-
ventions in patients with surgically altered anatomy [3, 4, 5, 6,
7, 8, 9, 10]. The high success rates with low adverse event (AE)
rates seen in procedures that involve transmural LAMS has led
to a shift away from invasive surgical or transcutaneous inter-
ventions toward novel, minimally invasive endoscopic proce-
dures [3, 4, 5, 6, 7, 8, 9, 10].

The most common AEs encountered with transmural LAMS
placement range from post-procedure abdominal pain, bleed-
ing, and obstruction, to stent migration, and rarely, perfora-
tion, which all can be managed endoscopically with a short hos-
pital stay [11, 12, 13, 14, 15]. Rates of AEs have been reported
to be approximately 16% to 21% by Choi et al. However, for
high-risk patients such as individuals with liver cirrhosis, inva-
sive endoscopic procedures are often only cautiously offered.
This is because patients with liver cirrhosis are prone to higher
rates and increased severity of AE, because the loss of synthetic
function in the liver and portal hypertension increase risks of
bleeding and infection and can lead to poor healing capacity
[16, 17]. In addition, endoscopy in this subpopulation of pa-
tients carries a theoretical risk of aggravating already existing
disruptions in intestinal wall permeability, which could precipi-
tate bacterial peritonitis [18, 19].

Only a handful of studies have evaluated the risks associated
with EUS-guided transmural LAMS placement in patients with
liver cirrhosis. Laique et al [20] assessed the risks associated
with use of self-expandable metal stents for managing pancre-
atic fluid collections in patients with and without cirrhosis and
found that this procedure can, indeed, carry significant risks in
patients with cirrhosis [20]. Another study by James et al [21]
looked at the efficacy and risks of EUS-guided gallbladder
drainage (EUS-GBD) in patients with cirrhosis who were not eli-
gible for surgical cholecystectomy. They showed that patients
who were Child-Pugh class A or B were not at increased risk of
AEs after EUS-GBD. [21]. Thus, given the paucity of data on
EUS-guided transmural deployment of LAMS in patients with
cirrhosis, and given the critical need for minimally invasive pro-
cedures to treat different conditions that increase the risk of

morbidity and mortality in this patient population, we aimed
to explore outcomes in patients with cirrhosis who received
EUS-guided transmural LAMS to shed light on the safety and
utility of this approach.

Patients and methods
This was a retrospective, matched case-control study that in-
cluded patients with a diagnosis of liver cirrhosis who under-
went EUS-guided transmural LAMS placement at four US and
two international tertiary care centers between March 2015
and September 2021. Patients who had intra-procedure or
post-procedure AEs were identified as cases and those without
reported AEs were identified as controls. Cases were matched
with two controls based on type of procedure and Child-Pugh
class based on the Child-Pugh scoring system using 1:2 case to
control ratio (▶Fig. 1).

Procedure techniques

All procedures were performed by 10 interventional endos-
copists in the endoscopy unit with clinical experience in thera-
peutic endoscopy ranging from 5 to 20+years. All patients un-
derwent EUS-guided LAMS placement under general anesthe-
sia during procedures. All LAMS stents used in this cohort were
AXIOS stents (▶Fig. 2). Both hot and cold LAMS placement
techniques were used in our cohort. Hot technique included
using of an electrocautery-enhanced catheter to create a tract
between desired lumens for placement of LAMS and was used
in 36 cases (84%), whereas the cold technique used the fine
needle with a guidewire to create a tract between desired lu-
mens for placement of LAMS without using electrocautery and
was used in seven cases (16%). The five EUS-guided transmural
LAMS deployment procedures included the following.

EUS-guided PFC drainage was used for management and
drainage of PFC or WAN. This procedure was performed by ad-
vancing a therapeutic linear array echoendoscope to the stom-
ach or duodenum. After the hypoechoic fluid collection within
the pseudo-membrane was located, an electrocautery-en-
hanced LAMS was deployed under EUS guidance through a
trans-gastric or trans-duodenal approach creating a cystogas-
trostomy/duodenostomy, allowing drainage and endoscopic
necrosectomy of the necrotic matter [22].

EUS-directed trans-gastric endoscopic retrograde cholan-
giopancreatography (EDGE) was used to perform endoscopic
retrograde cholangiopancreatography (ERCP) in patients with
Roux-en-Y gastric bypass (RYGB). EDGE was performed by ad-
vancing a therapeutic linear array echoendoscope to the gastric
pouch or the proximal jejunum. The excluded stomach was
identified under EUS guidance and punctured with a 19-gauge
fine-needle aspiration (FNA) needle followed by the trans-gas-

Conclusions Our study demonstrated that mainly in pa-

tients with Child-Pugh scores A and B cirrhosis and despite

the presence of mild-to-moderate ascites in over half of

cases, the majority of AEs were mild and could be managed

conservatively. Further studies are warranted to verify the

safety of LAMS in cirrhotic patients.
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tric deployment of electrocautery-enhanced LAMS. This proce-
dure creates a de novo gastro-gastric fistula, or gastro-jejunal
fistula [23].

EUS-directed trans-enteric ERCP (EDEE) was used to perform
ERCP in patients who did not have RYGB surgically altered anat-
omy. EDEE was performed by advancing a therapeutic linear ar-
ray echoendoscope to the efferent bowl loop. The distended af-
ferent limb was localized under EUS guidance and punctured
with a 19-gauge FNA needle followed by trans-enteric deploy-
ment of electrocautery-enhanced LAMS, which creates a de
novo entero-enteric fistula [24].

EUS-directed trans-gastric intervention (EDGI) is similar to
EDGE; however, EDGI is used for interventions other than

ERCP, such as EUS-guided FNA or fine-needle biopsy and EUS-
guided cystogastrostomy [25].

EUS-guided gallbladder drainage (EUS-GBD) was used to
drain the gallbladder in patients with cholecystitis who were
not candidates for surgical cholecystectomy. EUS-GBD was per-
formed by advancing a therapeutic linear array echoendoscope
into the prepyloric antrum or duodenal bulb, and under EUS
guidance, a 19-gauge FNA needle was used to puncture the
gallbladder. This was then followed by trans-gastric deploy-
ment of electrocautery-enhanced LAMS, which creates a de
novo cholecystoduodenostomy or cholecystogastrostomy [26].

Postsurgical fluid collection drainage was performed by ad-
vancing a therapeutic linear array echoendoscope to identify
the fluid collection and/or abscess and drain the collection by
deploying a transluminal LAMS. The approach depends on the
location of the fluid collection having been previously identi-
fied with cross-sectional imaging [27].

Definitions and data collection

Henry Ford Hospital was the lead center for this multicenter
study. The study was approved by the Institutional Review
Board for Human Research or its equivalent in all participating
institutions. All de-identified data were compiled and shared
with the lead center.

An AE was defined as a symptomatic event that was directly
related to the transmural LAMS deployment procedure or anes-
thesia necessitating temporary/permanent cessation of the
procedure and/or necessitating additional pharmacologic and/
or surgical intervention. Post-procedure events that required
prolonged hospital stay or additional diagnostic study or inter-
vention other than the standard of care or medical consultation
were considered AEs. The following procedure-related data

Patients with liver cirrhosis who underwent LAMS placement at 4 US centers and 
2 international tertiary care cnteres. (n = 43)

Child Pugh Class Procedure
A (n = 1) PFC drainage (n = 5)
B (n = 8) EDGE (n = 1)
C (n = 0) EDEE (n = 0)
 EDGI (n = 2)
 EUS-GBD (n = 1)
 Postsurgical cellection drainage (n = 0)

▪ Cases are patients with liver cirrhosis and underwent an
 endoscopic intervention with Lumen Apposing Metal Stents
 (LAMS) who developed at least one adverse event related to
 the procedure.

▪ Controls are patients with liver cirrhosis and underwent an
 endoscopic intervention with Lumen Apposing Metal Stents
 (LAMS) who did not develop any adverse events related to
 the procedure.

Child Pugh Class Procedure
A (n = 2) PFC drainage (n = 10)
B (n = 16) EDGE (n = 2)
C (n = 2) EDEE (n = 1)
 EDGI (n = 1)
 EUS-GBD (n = 1)
 Postsurgical cellection drainage (n = 1)

Developed any adverse event during procedure.

Cases (n = 9) Controls (n = 18)Yes No

▶ Fig. 1 Flowchart explaining the matched case-control ratio and selection process.

▶ Fig. 2 Lumen-apposing metal stent used in our cohort, also
known as AXIOS stent.
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were collected: procedure duration, relevant technical details,
and events. All pertinent data on AEs in terms of severity ac-
cording to the ASGE (American Society for Gastrointestinal
Endoscopy) severity grading system and AGREE (adverse events
in gastrointestinal endoscopy) classification, timing, and man-
agement approach were collected [28, 29]. “Early” AEs were
those that occurred within 48 hours of the procedure and all
others were considered “late.” Other patient data collected in-
cluded the following: sex, age, model for end-stage liver dis-
ease (MELD) score, Child-Pugh class, Charlson comorbidity in-
dex (CCI), international normalized ratio (INR), American Socie-
ty of Anesthesiologists (ASA) physical status score, and labora-
tory test results (platelet count, creatinine, alanine aminotrans-
ferase, aspartate transferase, and bilirubin).

Statistical analysis

A case-control analysis was performed with the aim of identify-
ing factors associated with the occurrence of AEs after EUS-
guided transmural LAMS placement. “Cases” were those pa-
tients at each participating center who underwent transmural
LAMS placement and experienced an AE. “Controls” were those
patients who underwent transmural LAMS placement without
any AEs. For each case, two control patients were randomly se-
lected by each center and matched by type of procedure and
Child-Pugh Score.

Patient, physician, and procedure characteristics were re-
ported as mean and standard deviation (SD) and case and con-
trol groups were compared. P<0.05 was considered significant.
A stepwise logistical regression analysis was performed to de-
termine risk factors for AEs. For the matched case-control anal-
ysis for risk factors, conditional logistic regression was used.
Risk factors were grouped based on their relation to patient,
physician, and procedure. The variables were selected in a step-
wise manner to be included in the model for multivariable anal-
ysis of each group. P≤0.2 was set as a cut-off to include the
variable in the model. Statistical analysis was performed using
SPSS software (SPSS 16.0, Chicago, Illinois, United States).

Results
A total of 43 patients with liver cirrhosis (mean ± SD age 58.4 ±
12.3 years; 21 [49%] female) underwent EUS-guided transmur-
al LAMS placement. There were 19 (44%) who underwent EUS
for PFC drainage, six (14%) who received EDGE, one (2%) who
underwent EDEE, three (9%) who underwent EDGI, 13 (30%)
who had EUS-GBD, and one (2.3%) who had postsurgical collec-
tion drainage. A total of 23 patients (53%) had ascites (69%
mild; 30% moderate), and 16 (37%) had varices (87% esopha-
geal; 13% gastric). The mean MELD score was 12.5 ±5. There
were 14 patients (33%) who were in Child-Pugh class A, 26
(60%) in class B, and 3 (7%) in class C (▶Table 1).

Technical failure occurred in one control patient (2%) who
received PFC drainage, during which the LAMS was deployed in
close proximity to the splenic artery, which required its removal
and a repeat procedure during the same session. Clinical failure
occurred in one other control patient (2%), in which the walled-

off pancreatic necrosis did not resolve, and thus required per-
cutaneous drainage (▶Table 1).

Adverse event severity, timing, and management

A total of nine adverse events (21%) occurred. The most com-
mon AE was LAMS migration in three patients (33%), followed
by non-bleeding mucosal erosion in two patients (22%), de-
layed bleeding in two patients (22%), sepsis in one patient
(11%), and anesthesia-related complication (pulseless electrical
activity) in one patient (11%). No intra-procedure AEs were re-
ported. There were two early AEs (22%), both of which occurred
within 24 hours of the procedure, while seven AEs (78%) were
late (> 48 hours after procedure). Most AEs were graded as
mild (n =6 [67%]), followed by two (22%) that were severe and
one (11%) that was moderate, with most (n=5 [56%]) having
been managed conservatively (▶Table2).

Early post-procedure adverse events

The two early post-procedure AEs were classified as severe. In
one EUS-GBD procedure, the patient developed septic shock 4
hours after the procedure and required escalation of the level
of care to the Intensive Care Unit (ICU). The patient received in-
travenous broad-spectrum antibiotics and temporary vasopres-
sor support and recovered. The second patient who had an ear-
ly AE had received PFC drainage and had pulseless electrical ac-
tivity immediately after the procedure. The patient required
advanced cardiovascular life support and supportive care in
the ICU.

Late post-procedure adverse events

Of the seven patients who had late AEs, six (86%) were mild,
and most (n =5 [71%]) were treated conservatively. Asympto-
matic LAMS migration was encountered in three patients (2
PFC drainage; 1 EDGI). The stents from these procedures were
repositioned or replaced during scheduled routine procedures.
Non-bleeding mucosal erosion occurred in two patients (1
EDGI; 1 EDGE) who were treated conservatively, and mucosal
erosion healing was documented in one patient.

There were two patients who experienced delayed bleeding.
The first had undergone EDGE. The bleeding was characterized
as moderate because it required an unscheduled upper endos-
copy 4 days after the initial procedure, during which time old
blood clots were noted inside the LAMS. The patient received
conservative treatment. The other patient underwent PFC
drainage, and the bleeding was characterized as mild because
blood clots inside the LAMS were noted at the time of the
scheduled removal (▶Table 2).

Characteristics associated with adverse events:
Matched case-control analysis

No significant differences in occurrence of AEs were observed
among the different categories of transmural LAMS deploy-
ment (P =0.231) (▶Table 1). Although a higher proportion of
cases than controls were in Child-Pugh class B, the difference
between groups was not significant (89% case vs 53% control;
P =0.21).
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▶Table 1 Baseline patient, disease, and procedure characteristics.

Total

(N =43)

Cases

with adverse

events (n =9)

Controls

no adverse events

(n =34)

P value

Sex, F n (%) female sex, no. (%) 21 (49%) 4 (44%) 17 (50%) –

Age, years, mean ± SD 58.44 ± 12.3 58.13 ± 6.2 57.71 ± 11.2 0.213

ASA, mean ± SD 3.4 ± 0.6 3.6 ± 1.3 3.3 ± 0.7 0.116

Charlson Comorbidity Index (CCI), mean ± SD 5.2 ± 2.9 5.1 ± 1.2 5.3 ± 2.7 0.214

INR, mean ± SD 1.3 ± 0.3 1.6 ± 1.2 1.4 ± 0.7 0.235

Platelets, mean ± SD 263.9 ± 156 251.2 ± 136 253.9 ± 253 0.123

Total bilirubin, mg/dL, mean ± SD 1.6 ± 1.7 1.4 ± 2.1 1.7 ± 1.8 0.223

AST, U/L, mean ± SD 55.4 ± 62.4 54.3 ± 61.3 53.1 ± 65.1 0.124

ALT, U/L, mean ± SD 44.4 ± 68 44.1 ± 58 44.8 ± 62 0.214

Creatinine, mg/dL, mean ± SD 0.9 ± 0.6 0.9 ± 0.4 1 ± 0.7 0.221

MELD score, mean ± SD 0.241

▪ Basic MELD 12.5 ± 5 13.1 ± 4 12.4 ± 2.6

▪ MELD-Na, mean ± SD 13.9 ± 5.8 12.8 ± 4.2 13.1 ± 5.6

Child-Pugh score, n (%) 0.127

▪ A 14 (33) 1 (11) 13 (38)

▪ B 26 (60) 8 (89) 18 (53)

▪ C 3 (7) 0 3 (8.8)

Ascites, n (%) 0.112

▪ No 16 (37) 2 (22) 14 (41)

▪ Mild 20 (37) 6 (67) 14 (41)

Presence of varices, n (%) 0.231

▪ Esophageal grade 1 11 (26) 3 (33) 8 (24)

▪ Esophageal grade 2 3 (7) 0 (8.8) 3 (8.8)

▪ Gastric 2 (4.7) 1 (2.9) 1 (2.9)

Procedure, n (%) 0.231

▪ PFC drainage 19 (44) 5 (56) 14 (42)

▪ EDGE 6 (14) 1 (11) 5 (15)

▪ EDEE 1 (2.3) 0 1 (2.9)

▪ EDGI 3 (7) 2 (22) 1 (3)

▪ EUS-GBD 13 (30) 1 (11) 12 (36)

▪ Postsurgical (abscess/seroma) collection drainage 1 (2.3) 0 1 (2.9)

LAMS size, n (%) 0.039

▪ 10 × 10 mm 12 (28) 1 (11) 11 (32)

▪ 15 × 10 mm 29 (67) 6 (67) 23 (68)

▪ 20 × 10 mm 2 (5) 2 (22) 0

LAMS deployment technique, n (%) 0.172

▪ Hot/electrocautery-enhanced 36 (84) 8 (89) 28 (82)

▪ Cold/over a guide wire 7 (16) 1 (11) 6 (18)
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Univariate analysis showed that LAMS size and LAMS place-
ment of a plastic stent were significantly different between
groups. While approximately the same proportion of patients
in each group received a 15×10mm LAMS (67% case vs 71%
control), a smaller proportion of patients who received a 10×
10mm LAMS had an AE (11% case vs. 32% control) and a much
higher proportion of those who received a 20×10mm LAMS
had an AE (22% case vs 0% control; P =0.039). Notably, a much
smaller proportion of patients in the case group than in the
control group received LAMS placement of at least one plastic
stent (22% vs 68%; P =0.045) which may be related to the an-
choring effect lowering the risk for stent migration or bleeding
from mucosal irritation of the metal flanges of the LAMS (▶Ta-
ble1). However, conditional logistic regression of matched
case and control patients did not show any association between
any potential predicting factors and occurrence of AEs.

Discussion
In this study of AEs seen in patients with cirrhosis who under-
went endoscopic transmural LAMS placement, we observed
that 21% of patients experienced AE. While we did not assess
AE development relative to patients who did not have cirrhosis,
we looked at various different endoscopic LAMS placement
procedures and did not see a significant difference in number
of AEs based on procedure type. However, our results suggest
that plastic stent placement and smaller LAMS size may be
associated with lower rates of AE development in this patient
population, and that placement of larger LAMS may lead to
more AEs.

Endoscopic LAMS placement is an important emerging alter-
native to many complex and invasive procedures. LAMS deploy-
ment represents an easier, relatively low risk and less invasive
procedure that results in mortality and quality-of-life outcomes
to more invasive options [3]. Overall AE rates for endoscopic
LAMS placement were found to be about 16% to 21% depend-
ing on indication, intervention and patient population and
these include abdominal pain, bleeding, infections, stent mal-

function, stent migration and rarely perforation [29]. However,
several underlying medical conditions can affect the safety pro-
file of any procedural intervention, including surgeries and en-
doscopies, and patients with multiple comorbid conditions can
be at a higher risk for complications and AEs from the interven-
tion itself or from periprocedure aspects, such as anesthesia
[30].

Liver cirrhosis is a medical condition that carries a higher risk
of periprocedure complications. Postsurgical mortality is about
2- to 10-fold higher in patients with cirrhosis than in the gener-
al population [31, 32], and endoscopic procedures are generally
considered higher risk for patients with cirrhosis. Simon et al.
found that the major AEs that complicate general endoscopic
procedures in patients with cirrhosis are hemorrhage, perfora-
tion, and generalized infections, among others [33]. In our
study, 43 patients with cirrhosis had undergone different pro-
cedures of transmural LAMS deployment in six international
centers. Despite the fact that most of the cohort (79%) had
Child-Pugh class B liver cirrhosis, only nine patients experi-
enced an AE, a rate of 21%. A study of patients with cirrhosis
who had ERCP found that of 158 patients with cirrhosis 27
(17.1%) experienced an AE, which is a slightly lower rate than
what we observed [34]. James TW et al also reported two AEs
in a cohort of 15 patients (13.3%) with cirrhosis who underwent
EUS-GBD, which included stent misdeployment requiring sur-
gery and acute pancreatitis. They also reported a patient with
hepatic decompensation after the procedure [35]. But both of
these studies looked at only one type of procedure, whereas our
study looked at a range of LAMS deployment approaches; thus,
our study gives insight into the types of AEs that may follow
from specific uses of LAMS.

Almost half of our cohort (19/43) underwent EUS-guided
LAMS deployment for PFC drainage, and five of these patients
developed an AE, four of which were mild, including asympto-
matic LAMS migration (2 patients) found at routine repeat eso-
phagogastroduodenoscopy, non-bleeding mucosal erosion (1
patient 38 days after procedure), and delayed bleeding (1 pa-
tient with blood clots within LAMS at routine repeat EGD with

▶Table 1 (Continuation)

Total

(N =43)

Cases

with adverse

events (n =9)

Controls

no adverse events

(n =34)

P value

LAMS placement of plastic stent, n (%) 25 (58) 2 (22) 23 (68) 0.045

▪ 1 stent 15 (35) 0 15 (44)

▪ 2 stents 9 (21) 2 (22) 7 (21)

▪ 3 stents 1 (2) 0 1 (3)

Technical success, n (%) 42 (98) 9 (100) 33 (97) 0.211

Clinical success, n (%) 42 (98) 9 (100) 33 (97) 0.131

ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists physical status score; AST, aspartate transferase; EDEE, EUS-directed trans-enteric ERCP;
EDGE, EUS-directed trans-gastric ERCP; EDGI, EUS-directed trans-gastric interventions; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic
ultrasound; EUS-GBD, EUS-guided gallbladder drainage; FNA, fine-needle aspiration; INR, international normalized ratio; LAMS, lumen-apposing metal stent; MELD,
model for end-stage liver disease score; MELD-Na, model for end-stage liver disease with sodium; PFC, pancreatic fluid collection; SD, standard deviation.
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▶Table 2 Severity, timing, and treatment of adverse events.

Ad-

verse

event

Type of

proce-

dure

Liver status ASGE

Lexicon

Severity

Score

AGREE clas-

sification

system for

adverse

events

Timing AE details Manage-

ment

Follow-up

findings

LAMS
migra-
tion
#1

PFC
drain-
age

INR: 1.3
Platelets:
276
Ascites:
moderate
Varices:
none
MELD: 10
Child-Pugh
Score: B

Mild Grade I Late
post-
proce-
dure
(30
days)

A 10 × 10mm hot
LAMS was deployed
+2 plastic stents
through LAMS.No
necrosectomy was
performed. On re-
peat routine EGD,
LAMS was found to
be displacement
distally into the cyst.

Redeploy-
ment of a
new LAMS
and removal
of the old
one

PFC was re-
solved and
LAMS was re-
moved 45-
days post ini-
tial procedure

LAMS
migra-
tion
#2

EDGI INR: 1.8
Platelets:
252
Ascites: mild
Varices:
none
MELD: 10
Child-Pugh
Score: B

Mild Grade I Late
post-
proce-
dure
(2 days)

A 15 × 10mm hot
LAMS was deployed
to access the ex-
cluded stomach to
investigate a bleed-
ing source which
was managed suc-
cessfully. On repeat
routine EGD, LAMS
was found to be dis-
placed distally into
the excluded stom-
ach.

The pre-
viously de-
ployed LAMS
was fixed
with endo-
scopic sutur-
ing

Stent removed
2 weeks post-
deployment

LAMS
migra-
tion
#3

PFC
drain-
age

NR: 1.6
Platelets:
240
Ascites: mild
Varices:
none
MELD: 10
Child-Pugh
Score: A

Mild Grade I Late
post-
proce-
dure
(45
days)

A 15 × 10mm hot
LAMS was deployed.
Necrosectomy was
performed. At the
time of LAMS (re-
peat routine EGD)
removal, displace-
ment of stent into
the stomach was no-
ted.

None – Con-
servative
manage-
ment.

LAMS was re-
moved at 45
days post-de-
ployment

Non-
bleed-
ing
muco-
sal
ero-
sion
#1

PFC
drain-
age

INR: 1.6
Platelets:
216
Ascites: mild
Varices:
Grade 1
MELD: 15
Child-Pugh
Score: B

Mild Grade I Late
post-
proce-
dure
(38
days)

A 20 × 10mm hot
LAMS was deployed
with 2 plastic stents
through LAMS.No
necrosectomy was
performed. On re-
peat routine EGD,
mild non-bleeding
gastric mucosal ero-
sion was noted adja-
cent to LAMS

None - Con-
servative
manage-
ment

LAMS was re-
moved 38 days
post-deploy-
ment. No fur-
ther interven-
tions were re-
quired post-
LAMS removal

Non-
bleed-
ing
muco-
sal
ero-
sion
#2

EDGI INR: 1.6
Platelets:
310
Ascites:
moderate
Varices:
Grade 1
MELD: 14
Child-Pugh
Score: B

Mild Grade I Late
post-
proce-
dure
(23
days)

A 15 × 10mm hot
LAMS was utilized to
access the excluded
stomach and limb to
perform diagnostic
EUS-FNA of pancre-
atic mass.
On repeat routine
EGD, non-bleeding
gastric mucosal ero-
sion was noted adja-
cent to LAMS

None – Con-
servative
manage-
ment

Stent removed
3 weeks post-
deployment.
No further in-
terventions
were required
post-LAMS re-
moval
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no signs of active bleeding or overt gastrointestinal bleeding 27
days after procedure). The next most performed procedure was
EUS-GBD in 13 patients (30%). While all the patients who had
EUS-GBD had successful gallbladder drainage with no proce-
dure-related complications, one patient developed sepsis
shortly after the procedure, requiring intensive care admission
with intravenous antibiotics. This patient received EUS-GBD
with a 15 × 10mm hot LAMS for treatment of acute cholecysti-

tis, and the patient improved with care. In descending order of
number of procedures performed, EDGE, EDGI, EDEE, and post-
surgical abscess collection drainage were the final procedures
assessed. Of the six patients who underwent the EDGE proce-
dure, only one patient had a moderate AE, which was delayed
bleeding 3 days after LAMS deployment. Blood clots were no-
ticed inside of the LAMS on repeat EGD, but no bleeding source
or active bleeding was found. This patient was in Child-Pugh

▶Table 2 (Continuation)

Ad-

verse

event

Type of

proce-

dure

Liver status ASGE

Lexicon

Severity

Score

AGREE clas-

sification

system for

adverse

events

Timing AE details Manage-

ment

Follow-up

findings

De-
layed
bleed-
ing

EDGE INR: 1.9
Platelets:
200
Ascites: mild
Varices:
Grade 1
MELD: 14
Child-Pugh
Score: B

Moder-
ate

Grade IIIa Late
post-
proce-
dure
(2 days)

A 20 × 10mm cold
LAMS was deployed
to access the ex-
cluded stomach and
limb. On repeat (un-
scheduled) EGD,
blood clots were
found Inside the
LAMS with no signs
of active bleeding.

None – Con-
servative
manage-
ment

LAMS was re-
moved 1
month later,
with no fur-
ther signs of
active bleed-
ing

De-
layed
bleed-
ing

PFC
drain-
age

INR: 1.9
Platelets:
215
Ascites: mild
Varices:
none
MELD: 10
Child-Pugh
Score: B

Mild Grade I Late
post-
proce-
dure
(27
days)

A 15 × 10mm hot
LAMS was deployed.
Necrosectomy was
performed. At the
time of LAMS re-
moval (routine re-
peat EGD), blood
clots were found In-
side the LAMS with
no signs of active
bleeding.

None – Con-
servative
manage-
ment

LAMS was re-
moved with no
further signs
of active
bleeding

Sepsis EUS-
guided
gall-
bladder
drain-
age

INR: 1.4
Platelets:
189
Ascites:
moderate
Varices:
None
MELD: 10
Child-Pugh
Score: B

Severe Grade IVa Early
post-
proce-
dure
(same
day)

A 15 × 10mm hot
LAMS was deployed
into the gallbladder
for the management
of acute cholecysti-
tis (trans-gastric ap-
proach). Shortly
after the procedure
patient became sep-
tic.

Sepsis man-
agement +
ICU admis-
sion

Cholecystect-
omy was not
performed
during the
duration of
the study.

Pulses
Elec-
tric
Activ-
ity

PFC
drain-
age

INR: 1.35
Platelets:
671
Ascites: mild
Varices:
None
MELD: 17
Child-Pugh
Score: B

Severe Grade IVa Early
post-
proce-
dure
(same
day)

A 15 × 10mm hot
LAMS was deployed.
Necrosectomy was
performed. Shortly
after the procedure
patient suffered a
PEA with ROSC
achieved. The pa-
tient was later found
to have a pulmonary
embolism

ACLS + ICU
admission

LAMS was re-
moved 2
weeks post-
procedure

AE, adverse event; AGREE, adverse events in gastrointestinal endoscopy; ASGE, American Society for Gastrointestinal Endoscopy; PFC, pancreatic fluid collection;
EDEE, EUS-directed trans-enteric ERCP; EDGE, EUS-directed trans-gastric ERCP; EDGI, EUS-directed trans-gastric interventions; ERCP, endoscopic retrograde cho-
langiopancreatography; EUS, endoscopic ultrasound; INR, international normalized ratio; LAMS, lumen-apposing metal stent; MELD, model for end-stage liver dis-
ease score.
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class B with a MELD of 14 and an INR of 1.9, and they experi-
enced other sequalae of decompensated portal hypertension
(ascites and varices). The patient was treated conservatively
and recovered successfully.

For EDGI procedures, two of the three patients who received
this procedure had mild AEs. This included a LAMS migration 2
days after placement in a patient who underwent EDGI for in-
vestigation of a possible upper gastrointestinal bleeding
source, and this event was managed by suturing in place. The
second patient, who had an RYGB, experienced non-bleeding
mucosal erosion diagnosed incidentally on routine EGD 3 weeks
after LAMS deployment for EUS-guided FNA, which was requir-
ed to access the excluded stomach to investigate a concerning
pancreatic mass. The two cases of mucosal erosions reported
were thought to be related to the LAMS stent flanges rubbing
into the mucosa, but it was only discovered on routine EGD fol-
low-up after LAMS placement and there were no significant
clinic symptoms associated with these mucosal erosions, in-
cluding bleeding or pain. The LAMS stent was removed in both
cases at the time of diagnosis of mucosal erosions, but also be-
cause the indication for the intervention had already been
achieved.

We believe that the rate of AEs from transmural LAMS de-
ployment in this high-risk population was not unusual because
the complications observed were all mild. Stent migration was
the most common AE seen in three patients, and can be related
to performing subsequent intervention during the same ses-
sion after LAMS placement. This is a well-known risk factor for
stent migration even in patients without liver cirrhosis and mul-
tiple interventions are used to prevent such complication, in-
cluding LAMS stent fixation with suturing or clipping. We ob-
served only two severe AEs, which occurred on the same day
that the procedures were performed and in the most common-
ly performed procedures. Also, whether these AEs were directly
related to the procedures or the underlying disease process for
which these procedures where performed remains unclear.
However, our data suggest that plastic stents may lead to fewer
AEs in patients with cirrhosis, and larger-sized LAMS may best
be avoided in patients with cirrhosis.

This study had several limitations, including limited sample
size, its retrospective nature, and limited follow-up time. How-
ever, this was the first attempt to comprehensively analyze a
range of variables that could be associated with AEs after differ-
ent modes of transmural LAMS deployment in patients with cir-
rhosis. Thus, our study should be cautiously interpreted. Trans-
mural LAMS placement is still considered a high-risk procedure
overall, and patients with liver cirrhosis are considered a high-
risk population. Therefore, further prospective controlled stud-
ies are required to reveal the true risks associated with endo-
scopic LAMS procedures in patients with cirrhosis.

Conclusions
In conclusion, the safety profile of endoscopic transmural LAMS
placement among patients with liver cirrhosis, especially with
CPS A and CPS B patients, may be comparable to that reported
in patients without liver cirrhosis. Most of the AEs reported in

our cohort were mild in severity and often managed conserva-
tively.
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