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A B S T R A C T

Introduction: Endoscopic ultrasound (EUS)-guided lumen-apposing metal stents (LAMS) represent
a novel tool in therapeutic endoscopy. However, the presence of LAMS may dissuade surgeons
from operations with curative-intent. We report three clinical scenarios with deployment of LAMS
in patients that subsequently underwent pancreaticoduodenectomy (PD).
Methods: Six patients identified from our IRB-approved pancreas cancer database had EUS-LAMS
placement prior to PD. Patient, tumor, treatment-related variables, and outcomes are herein
reported.
Results: Two patients underwent a LAMS gastrojejunostomy (GJ) for duodenal obstruction.
Another patient underwent LAMS choledochoduodenostomy (CDS) for malignant biliary
obstruction. In three patients, a LAMS gastrogastrostomy or jejunogastrostomy was deployed post
Roux-en-Y gastric bypass (RYGB) for a EUS-directed transgastric ERCP (EDGE) procedure. The
hospital length of stay after LAMS placement was 0–3 days without morbidity. Patients subse-
quently proceeded to either classic PD (n = 5) or PPPD (n = 1). Interval from LAMS insertion to
surgery ranged from 28 to 194 days. Mean PD operative time and EBL were 513 minutes and 560
mL, respectively. Post-PD hospital length of stay was 4–17 days. Clavien-Dindo IIIb morbidity
required percutaneous drainage of intra-abdominal collections in two patients. In cases involving
LAMS-GJ and CDS, the LAMS directly impacted the surgeon’s preference not to perform pylorus
preservation.
Conclusions: In this case series, PD following EUS-LAMS was feasible with acceptable morbidity.
Additional studies with larger patient populations are needed to evaluate LAMS as a bridge to PD
with curative-intent.
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1. Introduction

Endoscopic ultrasound (EUS)-guided lumen-apposing metal stents (LAMS) have become an increasingly useful tool in the arma-
mentarium of advanced endoscopists [1,2]. Therapeutic benefits to patients are apparent due to the minimally invasive nature of the
procedure and as evidenced by the evolving indications for its use [1]. LAMS was originally designed for internal drainage of
pancreatic fluid collections and is now used, in part, to bypass intestinal obstructions, internally drain gallbladders with complicated
cholecystitis, decompress the biliary system, and as a method to gain access to the excluded stomach after a Roux-en-Y gastric bypass
[1,3–5]. For patients with advanced cancer, LAMS has demonstrated increasing utility for palliation when definitive surgical resection
is deemed futile.

The extension of LAMS as a potential ‘bridge-to-surgery’ with curative-intent has gone largely unrecognized among treatment
algorithms for patients with cancer. Due to the novelty and general unfamiliarity with LAMS technology, placement of a LAMS may
create a perception of greater disease severity. This combined with concerns over increased operative technical complexity due to the
LAMS likely contributes to the continued disuse of LAMS in the curative oncologic domain. Notably, LAMS has since been employed in
non-surgical candidates with periampullary cancers resulting from duodenal and malignant distal biliary obstruction (MDBO). The
most commonly reported use of LAMS for MDBO involves creation of a palliative choledochoduodenostomy (CDS) to decompress the
biliary tree after failed ERCP [6,7]. Several reports now describe the rare occurrence of a pancreaticoduodenectomy (PD) performed
after placement of a LAMS CDS [8–10].

Similarly, the world literature is limited to two case reports of a PD conducted after a LAMS gastrojejunostomy (GJ) [11,12]. PD
after a LAMS gastrogastrostomy (GG) or jejunogastrostomy (JG) deployed in patients with periampullary tumors with a previous
Roux-en-Y gastric bypass (RYGB) for EUS-Directed transGastric ERCP (EDGE) remains undescribed. In this case series, the early
surgical experience and short-term outcomes at a high-volume North American (Eastern Atlantic) tertiary referral center are high-
lighted. Three separate clinical case scenarios are presented in patients that underwent a LAMS procedure prior to a PD with the intent
to contribute to a small but growing body of evidence supporting the potential feasibility of LAMS in the setting of surgery with
curative-intent.

1.1. Case series presentation

Six patients were identified from our institutional review board (IRB)-approved pancreas cancer database (IRB approval number:
22E.136) who underwent LAMS placement prior to undergoing a PD or pylorus-preserving PD (PPPD) from 2020 to 2023. A retro-
spective chart review of this cohort was completed, and data recorded including patient demographics, medical and surgical history,
oncologic evaluation, radiologic assessment/response evaluation criteria in solid tumors (RECIST), endoscopic LAMS procedures,
surgical course, pathologic results, and short-term treatment outcomes. A descriptive analysis of the data was completed. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed during the conduct of this
study. A STROBE checklist was used in conjunction for data reporting [13].

2. Results

Two males and four females with a mean age of 63.5 years (SD ± 8.3 years) and mean Charlson comorbidity index of 5 were
identified and found to have a hepatopancreatobiliary or duodenal malignancy that underwent EUS-guided LAMS prior to undergoing
PD or PPPD at our institution. The indications for LAMS proceeding to PD are presented herein among three clinical scenarios: Scenario
I- duodenal obstruction in two patients, Scenario II- distal biliary obstruction in one patient, and Scenario III - LAMS as part of an EDGE
procedure in three patients with periampullary cancers.

2.1. Lumen-apposing metal stent procedural details

The technical aspects behind performing EUS-guided LAMS for creation of a bilioenteric or enteroenteric fistula has been previ-
ously described. Briefly, EUS LAMS is a single-staged transluminal stenting procedure between two nonadherent lumens of the
digestive tract using a bi-flanged covered metal stent establishing lumen-to-lumen apposition (Fig. 1). [14,15] Technical consider-
ations for each of the clinical scenarios (CS I-III) are summarized below.

Fig. 1. A: Structural depiction of bi-flanged covered lumen apposing metal stent (LAMS). B: Schematic of electrocautery-enhanced LAMS
deployment. (Credit for this figure is given to Boston Scientific – AXIOS™ stent).
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In the cases of LAMS GJ (CS I; patients 1 and 2), EUS was performed with LAMS deployment between the stomach and proximal
jejunal lumens separated by less than 1 cm and devoid of blood vessels. In each case a 20 mm× 10 mm electrocautery-enhanced LAMS
was interpositioned under EUS, fluoroscopic, and endoscopic guidance. The LAMS was subsequently dilated with an 18 mm balloon
(Fig. 2A).

In the case of LAMS CDS (CS II; patient 3), the major papilla was unable to be identified due to mass effect upon the second portion
of the duodenum, and biliary cannulation was not attempted. EUS revealed dilation of the common bile duct to 2 cm with a sludge-
filled lumen. There were no abnormal lymph nodes and the portal vein appeared uninvolved. A 10mm× 10mm lumen apposing metal
stent was deployed from the duodenal bulb to the common bile duct. Two 6 French x 4 cm double pigtail stents were placed co-axially
across the LAMS to optimize drainage (Fig. 2B).

In CS III (patients 4–6), a LAMS GG or LAMS JG was placed as part of the EDGE procedure. EUS was performed and the excluded
stomach visualized. The distance between the gastric pouch or proximal jejunum and excluded stomach was less than 1 cm and an
avascular path for the LAMS was confirmed. A 20 mm× 10 mm electrocautery-enhanced LAMS was deployed creating a JG or GG and
each was dilated with an 18 mm balloon. The proximal flange of the LAMS was sutured in place (Fig. 2C).

Fig. 2. CT and Endoscopic Images stratified by clinical scenario (CS). A: CS 1: EUS-guided LAMS gastrojejunostomy. B: CS 2: EUS-guided LAMS
choledochoduodenostomy. C: CS 3: EUS-guided LAMS gastrogastrostomy* CT: computed tomography; EUS: endoscopic ultrasound; LAMS: lumen
apposing metal stent; EDGE procedure: endoscopic ultrasound directed transgastric ERCP *gastrogastrostomy from gastric pouch to remnant stomach.
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2.2. LAMS outcomes

Overall, the hospital length of stay after LAMS placement ranged from 0 to 3 days. There were no complications related to the LAMS
procedure, including no perforation, stent migration or bleeding events. In the two patients (CS I) who had a LAMS GJ for duodenal
obstruction, the stomach was decompressed, and each patient was able to progress to an oral diet and achieve preoperative nutritional
parameters. The LAMS CDS (CS II) successfully decompressed the biliary tree with normalization of serologic bilirubin levels and
hepatic profile. In each of the three cases of LAMS as part of the EDGE procedure (CS III), EUS was able to be performed through the
LAMS so that the periampullary tumors could be biopsied. The LAMS also allowed for ERCP and biliary drainage (Table 1).

Two patients received and completed neoadjuvant chemotherapy after LAMS placement. In all cases, patients proceeded with PD
(five cases) or PPPD (one case). The time from LAMS insertion to surgery ranged from 28 to 194 days (Table 1).

2.3. Pancreaticoduodenectomy operative details

In each case, an open exploratory laparotomy was performed, and the abdominopelvic cavity evaluated to verify absence of visible
metastatic disease prior to proceeding. PD was then conducted, preserving the pylorus in one of the six cases [16]. Operative
reconstruction entailed either performance of an end-to-side two-layered invagination or transpancreatic U-suture technique with a
duct-to-mucosa pancreaticojejuniostomy (PJ) anastomosis [17,18], end-to-side one-layer hepaticojejunostomy (HJ), and lastly an
end-to-side two-layered GJ or duodenojejunostomy (DJ) [19]. In all three PDs performed after RYGB, the gastric remnant (GR) was
spared, performing either a GR-PD or GR-PPPD with the jejuno-gastric remnant anastomosed for drainage in-series with the PJ and HJ
to a single jejunal limb raised from the old common channel. Restoration of gastrointestinal continuity thereafter occurred between the
new limb with respective biliopancreatic and GR drainage anastomosed to the distal portion of the old alimentary limb [20]. Prior to
abdominal closure, two drains were positioned in place, one near the HJ and one near the PJ. A standard post-Whipple accelerated
recovery pathway (WARP) at our institution directed the management of patient recovery [21].

2.4. Operative conduct as relates to in situ LAMS

In case scenario I, a LAMS GJ was employed for patients 1 and 2. For each patient, the LAMS was positioned between the corpus of
the stomach and proximal jejunum. In both cases the LAMS traversed the transverse mesocolon creating significant inflammation and
fibrosis necessitating a time-intensive (≥ 1 hour) lysis of adhesions to adequately assess the LAMS-associated inflammation and po-
tential implications toward resection and reconstruction.

For patient 1, the placement of the LAMS in the more-distal jejunum allowed for the LAMS GJ to remain in situ. Pylorus preser-
vation was not performed due extensive adhesions involving the antrum and duodenum. Sufficient mobilization of the remaining
afferent biliopancreatic limb allowed reconstruction of the PJ and HJ anastomoses (Fig. 3A).

In patient 2, the more proximal positioning of the LAMS in the jejunum, in close proximity to the ligament of Trietz, required the
separate extraction of both the gastric and jejunal flanges of the LAMS. The LAMS-created fistulous tract was resected en bloc with the
PD specimen, precluding pylorus preservation (Fig. 3B) [12].

In case scenario II (patient 3), the LAMS CDS was removed en bloc with the specimen (Fig. 4). Notably, extensive adhesions were
encountered which were believed to be attributable to the LAMS, again necessitating a classic PD.

Lastly in case scenario-III, for each of the patients with a history of RYGB (patients 4–6), the GG or JG positioning of the LAMS
appeared to have no overall impact on the surgeon’s decision to perform pylorus preservation. In each case, the LAMS JG or GGwas left

Table 1
Distribution of Patient demographics and outcomes after LAMS interventions.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age (years) 62 51 60 61 78 69
Sex Male Female Male Female Female Female
Tumor Location HOP Duodenum-D3 Peri-ampullary Duodenum-D2-

D3
HOP HOP

Tumor Size 2.6 × 3.2cm 4.5 × 2.6cm 2.4 × 2.3cm 9.0 × 5.5cm* 1.3 × 1.1cm 1.8 × 2.3cm
Endoscopic Interventions

(LAMS excluded)
FNA CBD and duodenal

stents, FNA
duodenal stent,
FNA

CBD stent, FNA CBD and PD
stents, FNA

CBD stent,
FNA

Indication for LAMS Duodenal
Obstruction

Duodenal Obstruction MDBO RYGB RYGB RYGB

LAMS Intervention G-J G-J CDS J-G G-G G-G
LOS after LAMS 0 days 1 day 3 days 2 days 1 day 2 days
Interval from LAMS to Surgery 181 days 98 days 49 days 28 days 28 days 194 days
Neoadjuvant Therapy None FOLFOX None None None FOLFIRINOX

HOP: Head of Pancreas; FNA: Fine-needle Aspiration; CBD: Common Bile Duct; PD: Pancreatic Duct; EUS: Endoscopic Ultrasound; MDBO: Malignant
Distal Biliary Obstruction; RYGB: Roux-en-Y Gastric Bypass; G-J: Gastrojejunostomy; J-G: Jejunogastrostomy CDS: Choledochoduodenostomy; G-G:
Gastrogastrostomy; LAMS: Lumen opposing metal stent; LOS: Length of stay; FOLFOX: folinic acid, fluorouracil, oxaliplatin; FOLFIRINOX: folinic
acid, fluorouracil, irinotecan, oxaliplatin *Circumferential wall thickening of the second and third portion of the duodenum (measurement from gross
pathology).
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in situ (Fig. 5).

2.5. Pancreaticoduodenectomy operative outcomes

Mean operative time was 513 minutes, and mean EBL was 560 mL. The initial post-PD hospital length of stay ranged from 4 to 17
days. Patients 2 and 5 experienced Clavien-Dindo IIIb [22] morbidity requiring percutaneous drainage of intra-abdominal collections

Fig. 3. Clinical Scenario 1: A: EUS-guided LAMS gastrojejunostomy for malignant duodenal obstruction and subsequent classic PD (LAMS left in
situ) (Patient 1). B: EUS-guided LAMS gastrojejunostomy for malignant duodenal obstruction with subsequent classic PD (LAMS removed with
specimen) (Patient 2). EUS: Endoscopic Ultrasound; LAMS: lumen apposing metal stent; PD: pancreaticoduodenectomy; CBD: common bile duct.

Fig. 4. Clinical Scenario 2: EUS-guided LAMS choledochoduodenostomy with double-pigtail stents with subsequent classic PD (LAMS removed
with specimen) (Patient 3). EUS: endoscopic ultrasound; LAMS: lumen apposing metal stent; PD: pancreaticoduodenectomy; CDS:
choledochoduodenostomy.
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Fig. 5. Clinical Scenario 3: Roux-en-Y gastric bypass anatomy. A: EUS-guided LAMS jejunogastrostomy* for completion of EDGE procedure with
subsequent gastric remnant PPPD (LAMS left in situ) (Patient 4). B: EUS-guided LAMS gastrogastrostomy for completion of EDGE procedure with
subsequent gastric remnant classic PD (LAMS left in situ) (Patients 5–6). EUS: endoscopic ultrasound; LAMS: lumen apposing metal stent; EDGE pro-
cedure: endoscopic ultrasound directed transgastric ERCP; PPPD: pylorus-preserving pancreaticoduodenectomy; PD: pancreaticoduodenectomy *jejunogas-
trostomy from proximal alimentary limb to remnant stomach.

Table 2
Distribution of pancreaticoduodenectomy operative and treatment outcomes.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Type of Surgery Classic PD Classic PD Classic PD PPPD Classic PD Classic PD
LAMS-related Intraoperative

Complications
Dense Adhesions Dense Adhesions Dense Adhesions None None None

Operative Intervention on
LAMS

Left in Place Removed with
Specimen

Removed with
Specimen

Left in Place Left in Place Left in Place

Lymph Nodes Resected 38 16 29 24 12 11
Postoperative Complications None IAA, POPF

(Grade B)a
None None Biliary Fistula, POPF

(Grade A)a
None

Post-PD LOS 4 days 5 days 7 days 6 days 17 days 5 days
30-Day Readmission No Yes No No No No
Final Pathology IPMN with Invasive

AdenoCa
Duodenal
AdenoCa

IPMN with Invasive
AdenoCa

Ampullary
AdenoCa

PDAC PDAC

Pathologic Stage IA – T1cN0M0 IIIA – T3N1M0 III – T3N2M0 IIA – T3aN0M0 IIA – T3N0M0 IA –
T1aN0M0

PD: Pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; IAA: Intra-abdominal abscess; POPF: Postoperative Pancreatic
Fistula; IPMN: Intraductal Papillary Mucinous Neoplasm; AdenoCa: Adenocarcinoma; PDAC: Pancreatic Ductal Adenocarcinoma.
a Grading for POPF is based on the International Study Group of Pancreatic Surgery Grading System [23]; LOS: Length of stay.
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post-operatively. Patient 2 was readmitted to the hospital 5 days after discharge with signs of sepsis. The patient was successfully
treated with antibiotics and image-guided drainage of fluid collections in the gallbladder fossa and right retroperitoneum from a Grade
B23 postoperative pancreatic fistula. Patient 5 was noted to have a bile leak on the first post-operative day at which time a percutaneous
transhepatic biliary drain was placed and later developed a Grade A23 postoperative pancreatic fistula that was controlled with a
surgical drain from the index operation. There were no 90-day mortality events (Table 2). At the time of this report, patient 5 was
recently deceased, surviving 721 days after surgery, while all other patients remain alive, at a mean of 361 days post-PD.

3. Discussion

This case series highlights an early assessment of potential feasibility of performing a PD after EUS-LAMS in three clinical scenarios
including duodenal obstruction (LAMS GJ), distal biliary obstruction (LAMS CDS), and as part of an EDGE procedure (LAMS JG or GG).
To date, utilization of EUS-guided LAMS technology has largely been employed for palliation in patients with inoperable malignancies
and patients deemed unfit for surgery. Concerns of risk from intraoperative interference of the stents has precluded patient candidacy
for surgery with oncologic curative-intent. To our knowledge, the world literature comprises only a composite reporting of 35 patients
who have undergone LAMS prior to PD [8–12]. Herein, we report our short-term outcomes among three clinical scenarios, each with
varying implications.

In clinical scenario I, a LAMS GJ to bypass duodenal obstructions provided durable decompression while permitting an oral diet.
The LAMS GJ served as a bridge-to-surgery in both patients as defined by our preoperative critical pathway [24] with the opportunity
to optimize nutritional parameters, maintain a physiologic ECOG performance status ≤2, and the ability to undergo neoadjuvant
therapy (FOLFOX) for patient 2. In this case scenario, the surgeons reportedly encountered LAMS-associated adhesions that affected
pylorus preservation. At the time of PD, the LAMS was left in situ in patient 1, and removed with the specimen in patient 2. A
post-operative intra-abdominal abscess and grade B post-operative pancreatic fistula (POPF) [23] occurred in patient 2, that was
successfully managed with percutaneous drainage. This patient subsequently recovered well and completed adjuvant chemotherapy.
In patient 1, who has both a surgical GJ and a LAMS GJ, another important consideration is concern over the increased risk of marginal
ulceration and bile reflux gastritis. In our early institutional experience, the LAMS can be endoscopically removed, and the epi-
thelialized fistulous tract closed. However, there are currently no reports, to our knowledge, on the optimal management strategy in
this scenario.

In a prior single case experience involving LAMS GJ prior to PD, the LAMS GJ was removed intraoperatively. After removal of the
LAMS, the gastrotomy was stapled closed, and the involved loop of proximal jejunum was removed as part of the specimen. An un-
complicated surgical GJ was performed as part of the reconstruction and there were no perceived LAMS-related postoperative com-
plications [11].

As pertains to clinical scenario II, a LAMS CDS prior to PD is the most studied scenario to date. A recent cohort analysis published in
patients with MDBO compared 28 patients who underwent LAMS CDS to 128 patients who had trans-papillary stenting prior to PD that
revealed a lower overall rate of surgical complications in the LAMS CDS group [10]. Notably, a French multicenter study did not report
upon the consequent adverse effects of the LAMS CDS on the surgical hepaticojejunostomy. An increased risk of biliary fistula for-
mation secondary to a LAMS CDS has gone unreported [8–10]. Previously noted in our single LAMS CDS patient, adhesions sur-
rounding the LAMS CDS precluded pylorus preservation.

In clinical scenario III (patients 4–6), the patients underwent a LAMS GG (gastric pouch to gastric remnant) or JG (jejunal
alimentary limb to gastric remnant) during an EDGE procedure to facilitate performance of an EUS and ERCP to obtain a tissue
diagnosis and biliary drainage. In each patient, surgical resection during the PD entailed sparing of the gastric remnant (GR). The
LAMS GG or JG was left in place in each patient after resection. In retrospect, the LAMS was inconsequential regarding choice of
operative reconstruction in these cases. Moreover, we do acknowledge that performance of classic PD versus PPPD is likely incon-
sequential given that the altered anatomy in the RYGB patient obviates the inherent physiologic advantages of pylorus preservation,
and therefore was not influential in the surgical decision making [25]. Notably, a classic PD was ultimately decided upon in patients 5
and 6 over concerns of antropyloric GR tumor encroachment. In patient four, a GR-PPPD did not preclude R0 resection for a T3a
ampullary adenocarcinoma and was preferred by the lead surgeon. Among the case scenario III patients, patient 5 experienced a biliary
fistula and grade A POPF [23] that were successfully managed with percutaneous drainage. In patient 4, the JG LAMS was removed
three months after surgery.

Overall, there is a small, but growing, body of literature assessing the feasibility of PD after EUS-LAMS [8–12]. A review article by
Vanella et al. evaluated the existing data for successful PD after EUS-LAMS proposing strategies for mitigating LAMS-associated
surgical complications. Regarding LAMS CDS, it was proposed that LAMS placement from the duodenal bulb to the most distal
common bile duct allows for the LAMS to remain within the surgical margins of the intended specimen therefore permittingmore space
for bile duct transection and surgical HJ reconstruction. For LAMS GJ, placing the LAMS from the stomach to the most proximal
jejunum may minimize the amount of jejunum requiring resection prior to reconstruction [26]. To our knowledge, current world
literature is devoid of reports describing PD after LAMS GG or JG performed as a part of the EDGE procedure in patients with post
RYGB anatomy. In our series of three patients with this clinical scenario, the LAMS GG or JG did not directly impact operative resection
or reconstruction considerations as site of the LAMS was apart from the intended surgical specimen otherwise not directly affecting the
operative field.

Importantly, the overall morbidity rate after PD approximates 40–50 % [27–29]. Our early experience suggests that inclusion of
LAMS in the treatment armamentarium for periampullary cancers prior to PD confers acceptable feasibility and risk. Notably, among
the three cases involving EUS LAMS GJ (patients 1–2) and CDS (patient 3), the LAMS did appear to impact the ability to perform
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pylorus preservation. In the three patients who had a prior RYGB (patients 4–6), the JG or GG LAMS placed during the EDGE procedure
did not affect operative resection or reconstruction. Indeed, our sample size is small and in this preliminary assessment the favorable
short-term outcomes provide reasonable equipoise to consider further studies involving pancreatic resection after LAMS.

There are clearly limitations of this small case series. These patients were treated at a high-volume pancreatic surgery center with
advanced endoscopists who are experienced in placing LAMS. Therefore, the results of this case series may not be generalizable to
other institutions or patient populations. This is a retrospective study, and the small patient cohort is subject to selection bias. Finally,
there is no control group in this study, limiting the ability to assess the impact of EUS-LAMS prior to PD on short-term treatment
outcomes. We present our institution’s experience with these clinical scenarios with an aim to assess potential feasibility. More studies
are needed with larger sample sizes comparing perioperative and oncologic outcomes, including the individual assessment for each
type of LAMS as it becomes increasingly utilized as indications expand.

4. Conclusion

In this case series, we found that PD after EUS-guided LAMS represents a potentially feasible option with acceptable morbidity in
select patients. LAMS as a bridge to definitive surgical resection warrants further consideration with additional studies including a
larger sample size to draw definitive conclusions.
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