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Abstract

BACKGROUND

Endoscopic ultrasound (EUS)-guided main pancreatic duct (PD) access may be used
when conventional ERCP techniques fail. The use of a percutaneous transluminal
angioplasty balloon (PTAB), originally developed for vascular interventions, can be
used to facilitate transmural (e.g., transgastric) PD access and to dilate high-grade

pancreatic strictures.

M
To describe the technique, efficacy, and safety of PTABs for EUS-guided PD

interventions.

METHODS

Patients who underwent EUS with use of a PTAB from March 2011 to August 2021 were
retrospectively identified from a tertiary care medical center supply database. PTABs
included 3-4 French angioplasty catheters with 3-4 mm balloons designed to use over a
0.018-inch guidewire. The primary outcome was technical success. Secondary outcomes

included incidence of adverse events (AEs) and need for early reintervention.




RESULTS

A total of 23 patients were identified (48% female, mean age 55.8 years). Chronic
pancreatitis was the underlying etiology in 13 (56.5%) patients, surgically altered
anatomy (SAA) with stricture in 7 (30.4%), and SAA with post-operative leak in 3
(13.0%). Technical success was achieved in 20 (87%) cases. Overall AE rate was 26% (n =
6). All AEs were mild and included 1 pancreatic duct legk, 2 cases of post-procedure
pancreatitis, and 3 admissions for post-procedural pain. No patients required early re-

intervention.

CONCLUSION
EUS-guided use of PTABs for PD access and/or stricture management is feasible with
an acceptable safety profile and can be considered in patients when conventional ERCP

cannulation fails.
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Core Tip: Endoscopic ultrasound (EUS)-guided access of the main pancreatic duct
(MPD) can be used to perform endotherapy when conventional endoscopic retrograde
cholangiopancreatography fails. After access to the MPD is obtained, the tract created
between the gastrointestinal lumen and pancreatic duct must be dilated prior to any
further intervention E

rcutaneous transluminal angioplasty balloons (PTAB), originally

developed for vascular interventions, can be used to access the pancreatic duct




effectively and safely, as well as dilate high-grade MPD strictures if needed.
Interventional endoscopists should be familiar with these cross-platform balloons as

additional tools in the toolbox for EUS-guided MPD endotherapy.

INTRODUCTION

Obstruction of the main pancreatic duct (MPD) can occur in the context of chronic
inflammation and fibrosis due to a variety of clinicopathologic conditions, including
both malignant and benign etiologies (e.g., chronic pancreatitis, post-pancreatic
surgery). Obstruction of MPD outflow leads to higher resistance to pancreatic
secretions, intraductal hypertension, and ultimately ductal dilation.['2l Patients can
present with chronic abdominal pain, recurrent pancreatitis, steatorrhea, and
unexplained weight loss. Decompression of the PD is the mainstay of treatment for
symptomatic patients, and endoscopic therapy has become the preferred treatment

modality due to its safety profile when compared to surgery.[>4

Transpapillary or transanastomotic drainage with endoscopic retrograde
cholangiopancreatography (ERCP) remains the preferred approach for endoscopic
pancreatic duct access and intervention.[?l While successful in the vast majority of cases,
3 to 10% fail due to inability to cannulate the papilla/anastomosis, obstructive stones,
high-grade strictures, and surgically-altered anatomy (SAA) that impacts access to the
pancreaticobiliary tree, including surgeries like Roux-en-Y gastric bypass and
pancreaticoduodenoctomy.l’l In these cases, endoscopic ultrasound (EUS)-guided
pancreatic duct drainage has emerged as a potential salvage approach with a favorable
safety profile and technical success rate. Technical and clinical success rates range from
63 to 100% and 76 to 100%, respectively, with adverse event rates ranging from as low
as 14% up to 37%.17l Guidelines recommend consideration of EUS-guided access in

multidisciplinary, tertiary care settings when conventional therapy fails.I®!




As EUS-guided pancreatic duct access becomes more established among experienced
operators, there remains significant variation in technique. Specifically, dilation of the
access tract can be performed with a variety of devices and currently published studies
include the utilization of hydrostatic balloons, tapered catheters, and electrocautery-
enhanced catheters®10. No comparative trials exist comparing the success and
complication rates of these devices. The hydrostatic balloons which are currently used
were designed for biliary intervention, and their size may increase the risk of

complications during pancreatic duct access.[11]

Percutaneous transluminal angioplasty balloons (PTAB) are smaller caliber, 3 to 4mm
diameter balloons initially designed for vascular interventions but can passed over
standard 0.018-inch guidewires for use on endoscopic platforms. Initial case reports
described the use of these balloons to treat otherwise impassable biliary strictures.[12]
Their size makes them well-suited for dilation of the
pancreaticogastrostomy/enterostomy as well as high-grade MPD strictures. Reports
describe the use of these devices during ERCP; however, experience during EUS is
limited to a handful of reported cases.['>14] The objective of this study is to describe the
use of PTABs during EUS-guided MPD interventions. This includes the technique,

efficacy, and safety of their use during these procedures.

MATERIALS AND METHODS

Study Overview

This is a retrospective, single-center cohort study approved by the Institutional Review
Board at the Mayo Clinic. Consecutive patients who underwent EUS-guided MPD
intervention with use of a PTAB between March 2011 to August 2021 were identified
from a single tertiary care center using a supply database. Balloons used included 3 and
4 mm diameter SAVVY™ and SABER™ PTA balloons (Cordis, Santa Clara, CA) which
were 20 mm in length. Procedure information was extracted via manual chart review

and included procedure indication, inpatient status, preceding ERCP attempts,




indication for EUS-guided approach, maximum diameter of the MPD measured
intraprocedurally, site of MPD access, and location of balloon dilation. In patients with
SAA, the exact procedure was recorded. Patients with post-surgical pancreatic leaks
were classified as biochemical leaks, grade B, or grade C according to the International

Study Group for Pancreatic Fistula criteria.l'7!

The primary outcome was technical success defined by successful MPD access and
accomplishing the intent of the procedure. If either of these conditions were not met, the
procedure was classified as technical failure. Secondary outcomes included procedural
related adverse events (AEs) including pain, bleeding, pancreatitis, leak, new fluid
collection, perforation, or death as well as need for early reintervention prior to planned
follow-up and clinical success. AEs were classified as mild, moderate, or severe based
on American Society of Gastrointestinal Endoscopy (ASGE) lexicon.[*®l Clinical response
was noted at last follow up. Complete response was noted when there was clear
documentation that all clinical symptoms fully resolved after intervention, and partial
response if it any improvement in severity or frequency was documented. Patients

without any benefit were classified as persistent symptoms.

Procedural Technique

All procedures were performed by EUS- and ERCP-trained interventional endoscopists
in a dedicated endoscopy unit with patients under general anesthesia. Due to the
retrospective nature of this study, the exact technique used in each case was operator
dependent. Generally, a linear-array echoendoscope was passed into the stomach and
the MPD was identified. The MPD was preferentially accessed through the gastric wall
with an FNA needle (19- to 22-gauge); however, the small bowel was also evaluated as
an access point if suitable endosonographic windows for duct puncture were not found
in the stomach. After EUS-guided ductal access was achieved, an 0.018-inch guidewire
was passed under fluoroscopic guidance into the MPD and through the

ampulla/anastomosis when possible. When utilized, the PTAB was then advanced




over the guidewire and used to dilate the access tract and/or pancreatic duct stricture

prior to any additional intervention, including further dilation or stenting (Figure 2).

Statistical analysis

Data management, analysis, and visualization was performed using BlueSky Statistics
software (version 7.10, BlueSky Statistics LLC, Chicago, IL, USA). Quantitative variables
were described with median value and interquartile range (IQR). Categorical data were
reported as relative proportions (%).

RESULTS

Patient characteristics

A total of 23 patients were identified. The median age of the cohort was 55.8 years (IQR
45.0-57.8) with 11 (48%) females and 12 (52%) males. Median body mass index was 25.8
kg/m?2 (I%R 23.9-27.5). . Procedural indications included chronic pancreatitis in 13 (57%)
patients, SAA with stricture in 7 (30%), and SAA with post-operative leak in 3 (13.0%).
Of the 10 patients with SAA, 9 had undergone pancreaticoduodenectomy with
antrectomy (i.e. Whipple procedure) and 1 had an en-bloc resection of metastatic
cervical cancer requiring hepaticogastrostomy with Roux-en-Y reconstruction. The 3
post-operative leaks were identified as nonspecific peripancreatic fluid on computed
tomography and confirmed by ERCP. All cases were classified as grade B and none
were associated with organ failure or need for operative reintervention. Indications for
an EUS-guided approach included 5 cases with inaccessible anastomosis/ampulla
(22%), 5 obstructive anastomotic strictures (22%), 2 failed cannulations (9%), 9 proximal

obstructions due to stone or stricture (9, 39%), and 2 disconnected pancreatic ducts (9%).

Procedural details
The majority of procedures were performed as an outpatient (n = 18, 78%). Maximum
MPD size as measured during EUS was 5.5 mm (IQR 3.7-8.3mm). Transgastric access

was obtained in 22 cases (96%) with 1 pancreaticoenterostomy performed (4%). A 4 mm




diameter PTAB was used in 15 cases (65%) with 3 mm balloons used in the remaining 8
(35%). The pancreatic duct was typically accessed through the body (n = 17, 74%)
followed by tail (1 = 3, 13%), and head (n =3, 13%). The balloons were primarily used to
dilate the access tract in 21 cases (91.3%), of which 9 were then passed into the pancreas
and used for PD dilation. Pancreatic duct dilation alone was performed in 2 cases (10%).
Dilation with a PTAB was the initial method used in the majority of cases (n = 21, 91%).
In the remaining 2 cases, PTAB was used if needle knife access puncture and a dilating
catheter was not successful. Further pancreatic duct intervention with dilation was
performed in 5 cases (22%) and stenting in 17 (74%). This included 9 transmural stents
terminating in the MPD, 8 stents placed through the stomach which traversed the MPD

into the small bowel, and 1 retrograde transpapillary stent terminating in the MPD.

utcomes

Technical success was achieved in 20 cases (87%). All 3 failed cases occurred in patients
with chronic, calcific pancreatitis. In 2 of these cases, the procedure failed due to
inability to obtain an adequate window for MPD access. The third case failed due to a
high-grade MPD stricture with calcified stones that prevented the passage of all
devices, including the 4 mm PTAB.

AEs were noted in 6 patients (26%) which were all mild in severity, requiring an
unplanned hospital admission for < 3 nights. Additional patient and procedural factors
that may have impacted AEs are outlined in Table 1. There was 1 case of pancreatic duct
leak identified endosonographically during the procedure, which was self-contained
and managed conservatively. Additionally, there were two cases of pancreatitis and 3
cases of post-procedural pain requiring hospital admission. There were no AEs related
to bleeding from the access site or perforation.

Median post-procedure follow up time was 13.9 mo (IQR 6.9-28.1 mo). No patients
required unanticipated, early intervention. In the 20 cases that were technically
successful, 14 underwent additional planned interventions prior to stent removal which

included routine stent exchange in 7 cases and placement of a parallel stent in the




remaining 7. At the time of last follow up, 9 of the 20 (45.0%) technically successful
cases were noted to have complete resolution of symptoms, 5 (25.0%) partial resolution,
and 3 (15%) persistent symptoms. One patient (4.3%) did not have follow up symptoms
documented, and two (8.6%) died during follow up prior to assessment of symptom

improvement.

DISCUSSION

The emergence of interventional EUS has given endoscopists the ability to treat
pancreatic duct obstruction even when conventional ERCP fails. These interventions
require dilation of the gastro- or enteropancreatic fistula created during EUS-guided
pancreatic duct drainage. Given the lack of dedicated devices to facilitate EUS-directed
drainage interventions, endoscopists rely on other accessories that were not designed
for these interventions. These include hydrostatic pancreaticobiliary dilating balloons,
tapered dilating catheters, traction sphincterotome, and diathermy-compatible
catheters.[13] PTABs are yet another device that can be used to facilitate access with

interventional EUS.

Each technique and device carries its own risk-benefit profile. Axial pressure forces
created during dilation with a fixed-diameter catheter, cannula or tapered passage
dilator can lead to dissection of the tissue planes. On the other hand, balloon dilation
may increase the risk of perforation, leakage, and bleeding due to its “all-or-nothing”
approach. Standard endoscopic balloon dilators typically have diameters of 5 to 6
French and were designed primarily for intraductal ERCP-guided interventions. The
use of smaller diameter balloons theoretically may allow for controlled dilation of the
tract while minimizing the risk of perforation and leak. Notably, all AEs in this cohort
were mild, without significant bleeding or perforation. There was one, self-contained
pancreatic duct leak, but this occurred in a case where a diathermy catheter was used
prior to balloon dilation. Electrocautery devices can result in a delayed-burn effect,

increasing the risk of developing serious adverse events.['9] The overall AE rate of 26%




may seem high compared to other standard endoscopic procedures but is favorable
when compared to the morbidity and mortality associated with surgical alternatives,
which include AE rates of up to 30% and 2% mortality.[2021] Our data is similar to
published literature on EUS-guided drainage of the MPD with more conventional ERCP
accessories, including one of the largest multicenter studies which reported an AE rate

of 20%.112

Technical success of EUS-guided drainage of the MPD ranges from 50-100% in the
literature, approaching 80-90% in more recent cohorts with experienced operators.[10:12]
A technical success rate of 87% is consistent with the higher end of this range. In a
previously published case series on the utilization of PTABs during EUS-guided
interventions, a very similar technical success rate of 88% was reported with only one
mild adverse event.l'®l However, this was a very small cohort of 8 patients, contained
only 1 case of chronic pancreatitis with stricture, and details regarding other procedural
factors that may have impacted outcomes were limited. In this study, we report on a
robust cohort with chronic pancreatitis and post-surgical disease. The majority of
PTABs were successfully used as first line EUS-guided therapy, as opposed to salvage
therapy when other devices failed. Furthermore, two of the three failures were due to
limited mobility and inability to secure a safe window for MPD access, which is a

limitation of the procedure itself and not the dilation device used.

This study is limited by its retrospective design with slight variations in patient
characteristics and procedural technique. However, this heterogeneity also highlights
that PTABs can be used in a wide range of clinical scenarios. Furthermore, procedural
outcomes were certainly confounded by patient and technical factors unrelated to PTAB
use. This study was not designed to evaluate EUS-guided drainage of the MPD
outcomes overall, and additional detail was provided regarding cases of technical
failure and AEs to allow for careful evaluation of the role the device played in these

outcomes.




CONCLUSION

This study suggests that PTABs can be used to successfully and consistently access and
drain the pancreatic duct while maintaining a high technical success rate without severe
AEs. Additional comparative studies are needed to determine optimal technique;
however, these cross-platform devices can help address the safety and technical
limitations of existing endoscopic devices including larger diameter balloons, fixed
diameter catheters, tapered passage dilators, and electrocautery-based devices.
Interventional endoscopists should be familiar with these devices as additional tools in

the toolbox for EUS-guided MPD endotherapy.
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