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Endoscopic ultrasonography-guided biliary drainage for malignant 
jaundice by using electrocautery-enhanced lumen-apposing metal 
stents (Hot-SPAXUS stent)
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Background Biliary drainage with endoscopic retrograde cholangiopancreatography (ERCP) 
for tumoral jaundice fails in a certain percentage of patients. In these patients, endoscopic 
ultrasonography-guided lumen-apposing metal stents (LAMS) with electrocautery-enhanced 
(ECE) technology allows a single-step, radiation-free palliative treatment.

Methods We reviewed the data of patients who underwent choledochoduodenostomy with 
placement of ECE-LAMS (Hot-SPAXUS stent) after ERCP failure in a single tertiary center. 
Technical and clinical success rates were calculated and adverse events recorded.

Results Data of 15  patients (8  male, median age 72  years) were collected. The procedure was 
technically successful in all patients, whilst clinical success was achieved in 14 (93.3%) patients. 
One (6.7%) patient presented delayed bleeding treated endoscopically. At follow up, stent occlusion 
with recurrence of jaundice occurred in 2  (13.3%) patients, due to food impaction (n=1), or 
neoplastic ingrowth (n=1).

Conclusion Our results suggest that the Hot-SPAXUS procedure is effective and safe for palliative 
treatment in patients with distal biliary malignant obstruction after failure of ERCP.

Keywords Biliary drainage, obstructive jaundice, electrocautery-enhanced lumen-apposing metal 
stents, endoscopic ultrasonography
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Introduction

In patients with obstructive jaundice due to tumors of the 
distal biliary duct or pancreas, biliary drainage plays a crucial 
role in preventing dramatic complications, such as systemic 
sepsis, hepatic failure, and malnutrition [1,2]. Currently, 
endoscopic retrograde cholangiopancreatography (ERCP) is 
the elective procedure used to perform biliary decompression 
in these patients. Nevertheless, tumoral infiltration of the 
ampulla, neoplastic duodenal obstruction or post-surgical 
anatomic alterations may hamper the accessibility of ERCP to 
the papilla, leading to failure of biliary decompression in up 
to 16% of cases, even in expert hands [3,4]. Following ERCP 
failure, percutaneous transhepatic biliary drainage (PTBD) 
is an effective therapeutic alternative to surgical approach. 
Although PTBD offers high clinical and technical success rates, 
the presence of an external catheter is associated with a high 
morbidity rate, the occurrence of adverse events, and a poor 
quality of life [5].
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The availability of larger operative echo-endoscopes and the 
introduction of specific devices has allowed the development 
of various procedures for endoscopic ultrasonography (EUS)-
guided biliary drainage, such as choledochoduodenostomy, 
choledochogastrostomy and hepaticogastrostomy, that can 
deliver high technical and clinical success rates [6,7]. However, 
their complexity of execution, with multiple technical phases, 
and the use of plastic or metallic stents without specific anti-
migratory properties, result in a relatively large (>20%) rate of 
adverse events [8].

More recently, new fully covered stents in braided nitinol, 
with anti-migratory properties due to their “dumbbell” 
design, namely the lumen-apposing metal stents (LAMS), 
have improved the EUS-guided operative procedures. With 
the application of electrocautery-enhanced (ECE) technology, 
the ECE-LAMS is performed as a single-step, radiation-free 
procedure [9,10]. The electrified-tip allows direct access to 
the biliary system without using needles and guidewires. The 
currently available ECE-LAMS are the Axios (Boston Scientific, 
Marlborough, Mass, USA) and the Hot-SPAXUS stents 
(Taewoong Medical Co. Gimpo, Korea). To our knowledge, 
experience from these procedures is still scanty [11-14]. In the 
present study, we evaluated the technical and clinical success 
of Hot-SPAXUS ECE-LAMS placement for treatment of 
malignant obstructive jaundice.

Patients and methods

Patients

This was a retrospective study of data from patients with 
an unresectable biliary distal neoplastic obstruction who 
underwent choledochoduodenostomy with placement of 
a SPAXUS-ECE-LAMS after ERCP failure. Patients were 
treated in a single Italian tertiary center between May 2020 
and September 2021. Data relating to patients with a previous 
biliary intervention, surgically altered anatomy, or those treated 
with a standard ERCP technique were excluded, as were those 
from patients who had been previously treated with EUS-BD 
using other types of self-expandable metal stent (SEMS).

Following the procedure, oral feeding was started after 24 h, 
with a liquid diet during the next 7 days to avoid the risk of 
food impaction. Patients were re-evaluated at 30  days, and 
every 3  months following hospital discharge. Technical and 
clinical success rates, and adverse events following ECE-LAMS 
placement were calculated, and any recurrence of jaundice 
within 1 and 3 months after treatment was recorded.

Patients gave their informed consent for both the procedure 
and the anonymous use of their data for scientific purposes. 
Since no experimental drugs/devices were administered, no 
additional costs or procedures for the patients were required, 
no identification of patients was allowed, and no funds were 
received, our Investigational Review Board waived formal 
review and approval, deeming the study to be an extension of 
existing clinical practice.

Procedures

All procedures were performed by an expert endoscopist 
(RM) with extensive experience in ERCP (>400/year), EUS 
(>350/year), and in LAMS technique (>100 LAMS placed) in 
conscious sedation patients or in those under deep sedation 
with anesthesiologist assistance. An echo-endoscope (EG-
3870UTK or EG38-J10UT, Pentax Medical, Tokyo, Japan) 
was used in all cases. A  choledochal biliary duct (CBD) 
diameter <10 mm and a distance between duodenal wall and 
biliary duct >10  mm were considered contraindications for 
LAMS placement. The choice of biliary stent size was based 
on CBD size, at the endoscopist’s discretion. Generally, an 
8×20 mm LAMS was used when the CBD was <20 mm, and 
a 10×20 mm diameter LAMS in patients with a larger CBD 
diameter.

The EUS-biliary drainge technique adopted was “one-step” 
and “radiation-free”. The SPAXUS ECE-LAMS was inserted 
into the operative channel of the echoendoscope and the 
delivery system was connected to an electrosurgical generator 
(ERBE Electrosurgery, Tübingen, Germany) with the following 
settings: pure cut mode, 100 W; ERBE ICC 200, AUTOCUT 
mode, effect 5 [14]. The CBD was visualized under EUS view 
from the duodenal bulb or descending duodenum, using 
Doppler flow to exclude the presence of large interposing 
vessels. The operator targeted the CBD with the largest 
diameter and the shortest distance from the transducer. In 
case of duodenal neoplastic obstruction, patients were treated 
with a 6-cm long duodenal uncovered (u)-SEMS (NITI-S 
Pyloric/Duodenal, Taewoong, Korea) positioned under 
fluoroscopic guidance in a previous session or at the same 
time of the choledochoduodenostomy. Technical success was 
defined as correct ECE-LAMS deployment within the CBD 
in a single step. Clinical success was defined as a reduction 
of serum bilirubin levels by at least 50% within 2  weeks 
after stent placement. Adverse events (bleeding, perforation, 
spontaneous stent migration) occurring within one week after 
stent placement were categorized as either immediate (<24 h) 
or late. The procedure duration was defined as the time from 
insertion to extraction of the endoscope from the patient’s 
mouth.

Device

The ECE-LAMS is a fully covered metal stent made from 
braided nitinol. Three Hot SPAXUS-ECE-LAMS of different 
diameters and of similar length are currently available on the 
market (lumen diameter × length: 8×20 mm, 10×20 mm, and 
16×20 mm). The device is pre-loaded in a 9- or 10.8-Fr catheter 
with a through-the-scope delivery system compatible with 
a therapeutic echo-endoscope working channel of 3.7  mm. 
The stent has a “dumbbell” design to provide lumen-to-lumen 
apposition. This particular morphology is designed to give the 
stent anti-migratory properties and to reduce the risk of stent 
leakage alongside the stenosis.
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Results

Technical and clinical success

A total of 15  patients (8  male, median age 72, range 55-
84  years) underwent EUS-biliary drainage with ECE-LAMS 
placement. Demographic characteristics, causes of biliary 
obstruction and of previous ERCP failure are summarized in 
Table 1. The median CBD diameter was 14.5 mm (range 13-
24). An 8×20 mm LAMS with a 23 mm flange and a 10×20 mm 
LAMS with a 25 mm flange were used in 13 and 2 patients, 
respectively. The procedure was technically successful in all 
patients. The biliary duct was reached through a trans-bulbar 
approach in 13 patients and a transduodenal approach in the 
remaining cases. The median procedure duration was 12 min 
(range 10-18). The phases of the procedure are depicted in 
Fig. 1. In 6 (40%) patients there was also a neoplastic duodenal 
obstruction that was treated with a duodenal u-SEMS. More 
specifically, in 2  patients duodenal stenting was performed 
1  month before the choledochoduodenostomy, because 
of a local advanced duodenal adenocarcinoma that later 
caused obstructive jaundice. In both these patients, LAMS 
deployment was performed using a transduodenal approach, 
with the SPAXUS SEMS placed proximally to the duodenal 
stent in one patient and inserted through the mesh network 
of the uncovered duodenal stent in the other. The remaining 

4  patients were treated with duodenal stenting and biliary 
drainage in the same session, using a trans-bulbar approach. 
The median hospitalization time was 6  days (range 2-17). 
Clinical success was eventually achieved in 14  (93.3%) 
patients, whose mean bilirubin level was 2.55±3 mg/dL after 
2 weeks.

Adverse events

No immediate complications occurred, and no case 
of device displacement was observed. One (6.7%) patient 
presented delayed bleeding 10  days after the procedure. He 
was successfully treated endoscopically by argon plasma 
coagulation on the anastomotic border after stent removal. 
A new Hot-SPAXUS stent was placed.

Follow up

The median length of follow up was 101 days (range 90-
170). The stent remained open in 14 (93.3%) of the 15 patients 
alive at 3  months, and in 10  (90.1%) of the 11  patients still 
alive thereafter. Stent occlusion with recurrence of jaundice 
occurred in 2  (13.3%) patients. In one case, food impaction 
was observed after 4 months and was removed endoscopically 
using a Dormia basket and Fogarty balloon. In the other 
patient, neoplastic tissue occluded the stent after 30 days. He 
was treated by positioning a u-SEMS through the internal 
channel of the LAMS (SEMS-in-LAMS technique), followed 
by a new duodenal stent placement with the same technique, 
restoring the patency of the stents with normalization of 
bilirubin levels.

Discussion

The ERCP is the main endoscopic procedure used to 
perform biliary decompression in patients with malignant 
bile duct obstruction. Unfortunately, there are some 
conditions in which the access to the papilla is prevented, or 
the procedure fails for some reason. In this clinical scenario, 

Table 1 Demographic and clinical characteristics

Demographic characteristics Number

Male 8

Female 7

Median age (range); years 72 (55-84)

Cause of biliary obstruction 
Pancreatic cancer
Duodenal cancer 
Ampullary cancer 
Distal cholangiocarcinoma

11
2
1
1

Cause of previous ERCP failure 
Infiltration of the papilla by invasive cancer
Inability to get deep biliary cannulation
Ampulla obscured by duodenal stents
Bleeding from the papilla during attempts

9
3
2
1

ERCP, endoscopic retrograde cholangiopancreatography

Figure 1 (A) Endoscopic ultrasound image showing dilated choledochal biliary duct (CBD); (B) puncture of the CBD; (C) deployment of distal 
flange of a lumen-apposing metal stent in the CBD lumen; (D) endoscopic check after stent placement; (E) final cholangiography with regular 
biliary outflow
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a radiological approach is generally performed. However, 
discomfort from the presence of an external catheter reduces 
the patient’s quality of life [5]. Since 2011, the availability of 
new and specially designed LAMS has allowed improvements 
in the technical performance and safety of echo-guided 
biliary decompression procedures. In addition, the successful 
delivery of an electrocautery tip has significantly contributed 
to simplifying this palliative endoscopic approach [15]. 
Here, we report a case series of patients treated with ECE-
LAMS following ERCP failure. More specifically, we used 
the recently available Hot-SPAXUS LAMS with a length of 
2 cm, which overcomes the limits of the previous 1 cm device, 
allowing better adherence and anchoring of 2 distant lumens. 
Overall, we achieved high technical (100%) and clinical 
(91.6%) success rates, in agreement with results reported 
for other stents [11,13,16,17]. In addition, the use of Hot-
SPAXUS-LAMS with different diameters (8 mm or 10 mm) 
made biliary drainage possible even in those patients with a 
less dilated biliary duct, which may represent a limit for other 
LAMS [13].

In our series, the median time required for a complete 
therapeutic EUS procedure was only 12  min, supporting the 
previously reported easy feasibility of the procedure [13]. It 
is noteworthy that the 3-month and 6-month stent patency 
rates were as high as 91.6% and 75%, respectively. These 
results are considerably higher than the 45% reported for 
PTBD, with obvious advantages in term of re-hospitalization, 
reintervention and the use of health resources [5]. This is 
further apparent when we consider that the median length of 
hospitalization was 6 days, distinctly lower than that reported 
for PTBD [18,19].

In the past years, a percutaneous transhepatic approach 
was the main rescue therapy following ERCP failure for 
biliary drainage. However, its use in patients with distal 
biliary malignant strictures is associated with a higher risk 
of stent dislodgment or malfunction, a greater risk of acute 
or late cholangitis, and a lower quality of life than the EUS-
biliary drainage approach [1]. On the other hand, single-
step EUS-biliary drainage requires experience in both ERCP 
and echo-endoscopy procedures. Moreover, CBD dilation 
rarely exceeds 20 mm in diameter, so the release of the first 
flange of the stent might be challenging. Therefore, these 
procedures should be performed by an endoscopist skilled 
in pancreatic fluid collection drainage [1], working in a 
referral center for biliopancreatic diseases, with dedicated 
surgeons and radiologists whose experience is of paramount 
importance, particularly in case of procedure-related 
complications.

In conclusion, our data suggest that the Hot-SPAXUS 
procedure is effective and safe for palliative treatment in 
patients with distal biliary malignant obstruction following the 
failure of ERCP. These promising findings suggest that ECE-
LAMS should be considered as a valid alternative to PTBD and 
the surgical approach after ERCP failure in those structures 
where the procedure is performed.
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Summary Box

What is already known:

• Biliary drainage in tumoral obstructive 
jaundice using endoscopic retrograde 
cholangiopancreatography (ERCP) is challenging 
or impossible when the papilla is not accessible 
because of either tumor infiltration or postsurgical 
anatomic alterations

•	 Percutaneous transhepatic biliary drainage is an 
effective therapeutic alternative to the surgical 
approach, but has high morbidity

•	 During the last decade, endoscopic 
ultrasonography (EUS)-guided biliary drainage 
with new and specifically designed fully covered 
stents, namely the lumen apposing-metal-stents 
(LAMS), was introduced

What the new findings are:

•	 Our data indicated that EUS-guided Hot-SPAXUS 
placement is highly successful, from both the 
technical (100%) and clinical (93.3%) points of 
view, as well as safe (1 delayed bleeding treated at 
endoscopy)

•	 Overall, the procedure was fast (median 12 min), 
and the approach was associated with a short 
hospital stay (median 6 days)

•	 LAMS placement is a valid approach after ERCP 
failure in patients with neoplastic jaundice
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