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Abstract: Endoscopic ultrasound guided—pancreatic duct drainage (EUS- PDD) is one of the most
technically challenging procedures for the interventional endoscopist. The most common indications
for EUS- PDD are patients with main pancreatic duct obstruction who have failed conventional
endoscopic retrograde pancreatography (ERP) drainage or those with surgically altered anatomy.
EUS- PDD can be performed via two approaches: the EUS-rendezvous (EUS- RV) or the EUS-
transmural drainage (TMD) techniques. The purpose of this review is to provide an updated review
of the techniques and equipment available for EUS- PDD and the outcomes of EUS- PDD reported in
the literature. Recent developments and future directions surrounding the procedure will also be
discussed.

Keywords: EUS-guided pancreatic duct drainage; surgically altered anatomy; transmural drainage;
EUS-rendezvous ERCP

1. Introduction

Endoscopic ultrasound (EUS) pancreatic duct drainage (EUS- PDD) was first described
by Bataille et al. [1] in 2002 when they reported EUS-guided main pancreatic duct (MPD)
puncture for trans-duodenal rendezvous endoscopic retrograde pancreatography (ERP).
Francois et al. went on to report a series of four patients who underwent EUS-guided
pancreaticogastrostomy (EUS- PG) of which three out of four patients achieved satisfactory
relief of pain at 1-year follow-up [2]. Currently, EUS- PDD remains a challenging yet
infrequently performed procedure for the advanced interventional endoscopist. EUS- PDD
serves as a rescue procedure to access the pancreatic duct when standard transpapillary ERP
has failed or is not possible due to altered anatomy. Retrospective series have demonstrated
that the frequency of EUS- PDD is uncommon even in specialized tertiary referral centers
for pancreatic diseases, ranging between two and four cases per center per year [3–5].
Through this review, we aim to provide the reader with an update on the indications,
accessories required, and techniques employed as well as a summary of the literature
surrounding EUS- PDD outcomes.

2. Indications for EUS- PDD

EUS- PDD is indicated for patients with symptomatic obstruction of the MPD that is
not amenable to conventional ERP drainage. The main indications and contraindications
for EUS- PDD are summarized in Table 1. MPD obstruction may occur because of mul-
tiple etiologies, including fibrosis and inflammation in chronic pancreatitis, obstructing
pancreatic duct stones, or malignant obstruction. Pancreatic outflow obstruction resulting
in ductal hypertension is more commonly seen in benign pancreatic obstruction, and less
in infiltrative malignant disease, where the need for pancreatic duct decompression is
rare. EUS- PDD is also helpful for pancreatic duct drainage for pancreatico-jejunostomy
anastomotic strictures (PJAS) after pancreatoduodenectomy. EUS- PDD is also indicated

J. Clin. Med. 2023, 12, 1626. https://doi.org/10.3390/jcm12041626 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12041626
https://doi.org/10.3390/jcm12041626
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://doi.org/10.3390/jcm12041626
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12041626?type=check_update&version=2


J. Clin. Med. 2023, 12, 1626 2 of 14

for the management of symptomatic pancreatic duct (PD) stones and disconnected PD
syndrome (DPDS). Recently, the use of EUS- PDD to manage intractable post-operative
pancreatic fistula has been described [6]. EUS- PDD is a valuable technique to gain access
to the pancreatic duct when the endoscopist is unable to cannulate the PD or when the PD
is inaccessible due to altered post-surgical anatomy [7]. In a recent review of 2205 cases of
pancreaticobiliary ductal access and drainage, Garcia- Alonso et al. reported that 107 endo-
scopic procedures were performed for pancreatic indications. A total of 10% eventually
(n = 11) required EUS- PDD (eight transmural stenting and three EUS- RV) [8]. Four of these
procedures were undertaken directly either due to anticipated failure or altered surgical
anatomy and seven were undertaken after failed ERCP or performed as a combination
procedure with ERCP [8]. In the management of DPDS, EUS-guided PDD aims to drain
the viable upstream pancreas with a plastic stent. When direct puncture of the pancreatic
duct is difficult, Ghandour et al. described two cases where the patients underwent a
modified approach, with EUS-guided drainage of the fluid collection in communication
with the disrupted MPD, resulting in successful symptom resolution with no recurrence
of acute pancreatitis on short term follow up [9]. Although rarely indicated, EUS-guided
PDD has also been described following obstructive pancreatitis in a patient with ampullary
adenocarcinoma where transpapillary PD drainage was not successful [10].

Table 1. Indications and contraindications of EUS- PDD drainage.

Indications

Native Anatomy (usually after failed ERP)

Chronic pancreatitis and main pancreatic duct (MPD) obstruction

Symptomatic pancreatic stones

Disconnected Pancreatic Duct Syndrome

Surgically Altered Anatomy/Inaccessible PD

Pancreatico-jejunostomy anastomosis stricture post Whipple operation

Standard ERP indications with history of previous billroth II/Roux-en-Y Gastrectomy

Inaccessible papilla due to malignant/benign duodenal strictures

Contraindications

Technical Factors

Inability to locate the MPD on EUS

Insufficient dilatation of MPD (MPD size < 4 mm)

Intervening vessels at the puncture site

Long distance between bowel and pancreatic duct

Multi-level strictures

Patient factors

Hemodynamic instability

Uncorrected coagulopathy, thrombocytopenia

3. Contraindications for EUS- PDD

Contraindications for EUS- PDD include patient factors such as hemodynamic insta-
bility and bleeding risk due to severe coagulopathy or severe thrombocytopenia. Technical
contraindications include the inability to localize the MPD on EUS or when the PD is
insufficiently dilated (<4 mm), the presence of intervening vessels prohibiting safe punc-
ture of the MPD, and the presence of multi-level strictures. There are no published data
on the minimum size of PD dilatation for a successful puncture, but most series quote
a median PD diameter between 4 and 6 mm [11–13]. Technical failure for PD puncture
has been reported in cases of non-dilated PD measuring 2 mm [11]. In a meta-analysis
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consisting of 22 studies involving 714 patients, the mean MPD diameter was between
3.5 and 8.1 mm [14]. Based on these results, main PD dilatation of at least 4 mm will
likely increase the chance of successful PD puncture. EUS- PDD is also contraindicated
where standard ERP techniques to access the PD have not been exhausted as EUS- PDD is
more invasive and may be associated with greater risk of adverse outcomes compared to
standard ERP techniques [8,15].

It should be emphasized EUS- PDD is a challenging procedure and should only be
attempted by interventional endoscopists skilled in both ERCP and EUS. EUS- PDD is
challenging for the following reasons [3]:

a. difficult puncture with standard needles due to the small caliber of the dilated PD
embedded within a fibrotic pancreas;

b. unstable scope position and consequent poor force transmission to the puncturing
needle;

c. difficult wire manipulation through the needle (due to PD stricture, unfavorable
needle to duct angle, preferential passage into a dilated side branch [7]), and risk of
wire shearing during manipulation;

d. difficulty passing devices such as balloons or cystotomes into the PD for tract dilata-
tion;

e. fragility of the pancreas and associated adverse events after aggressive manipulation.

In a Spanish national survey of 19 centers with limited experience in EUS-guided
cholangiopancreatography, technical success rates of pancreatic EUS-guided cholangiopan-
creatography (ESCP) was lower than biliary ESCP (57.9% vs. 68.9%) with higher com-
plication rates (26.3% vs. 22.6%) [15]. The main reason for technical failure was failed
manipulation of the guidewire inside the pancreatic or biliary duct [15].

4. Technique of EUS- PDD
4.1. Patient Preparation

We perform EUS- PDD with the patient in a prone position under general anesthesia
or monitored anesthetic care [7]. Positioning the patient in the supine position for EUS-
PDD has also been described [16]. Prophylactic antibiotics are administered [7,16] prior
to the start of the procedure. Anticoagulation should be corrected, and anti-thrombotic
medications withheld as outlined by published guidelines [17].

4.2. Approaches and Equipment

EUS- PDD comprises two approaches to drain the pancreatic duct [13] including
EUS-assisted rendezvous (EUS- RV) ERP and EUS-transmural drainage (EUS- TMD) [18].
In scenarios where the papilla is accessible with a standard therapeutic duodenoscope but
cannulation of the pancreatic duct by ERP has failed previously, EUS- RV is the procedure
of choice due to higher success rates, lower adverse events, and avoidance of an extra-
anatomical stent [16,19,20]. Stenting performed by EUS- TMD can be either antegrade or
retrograde or transpapillary/trans-anastomotic [18]. The puncture site for the pancreatic
duct is usually from the stomach (EUS-pancreaticogastrostomy, EUS- PGS) or the duode-
num (EUS-pancreaticoduodenostomy, EUS- PDS). Typically, to access the pancreatic duct
at the body and tail, EUS- PGS is more favorable whereas EUS- PDS is more suitable for
drainage of the pancreatic head. The choice of technique will depend on the accessibility
of the native papilla, the ability to pass the guidewire into the PD and maneuver it across
the stricture as well as the desired direction of stent drainage. These considerations are
summarized in Figure 1.
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Figure 1. EUS-guided rendezvous ERP in a patient with pancreatic divisum and failed minor papilla
cannulation. (A) EUS-guided puncture of the pancreatic duct (indicated by white arrow). (B) Contrast
injection showing pancreatogram. (C) Passage of guidewire into the duodenum. (D) Grabbing the
guidewire from the duodenal lumen after changing to a duodenoscope with micro-forceps. (E) Main
pancreatic duct recannulated with a guidewire. (F) Insertion of a pancreatic duct stent after minor
papillotomy.

4.3. Pancreatic Duct Access

The steps common to all approaches of EUS- PDD are first pancreatic duct puncture
under EUS guidance, followed by contrast injection and guidewire placement. To gain
access to the pancreatic duct, a curvilinear array echoendoscope is inserted into either
the stomach or duodenal bulb and EUS performed to identify the dilated pancreatic duct.
Factors affecting the choice of puncture site will include the distance between the visceral
lumen and PD, the presence of intervening vessels, and the stability of scope position
which facilitates subsequent tract dilatation and stent deployment [7]. The most common
puncture site for PD access is the stomach. It is recommended that the pancreatic duct
is punctured at an oblique angle rather than perpendicularly as the latter will result in a
difficult insertion of the guidewire and subsequent device insertion into the pancreatic
duct [18].

Using a 19G needle (EZ Shot 3 plus, Olympus Medical Systems, Tokyo, Japan), the
PD is punctured and a diagnostic pancreatogram is performed. A 0.035-inch or 0.025-
inch (VisiGlide2; Olympus Medical Systems) guidewire is inserted into the pancreatic duct,
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directed either toward the head of the pancreas or the tail depending on the subsequent plan.
In cases where the MPD is minimally dilated or the pancreatic parenchyma is fibrotic, a 22 G
needle and a corresponding 0.018-inch or 0.021-inch guidewire can be used [21]. However,
0.018 in wires lack stability for over-the-wire exchange of accessories and these wires will
need to be exchanged for larger caliber guidewires after initial manipulation. Guidewire
shearing has been reported during guidewire manipulation in EUS- PDD; tips to avoid
guidewire shearing will include gentle manipulation of the guidewire, avoiding withdrawal
of guidewire back into the needle tip, as well as retraction of the needle tip into the sheath
or the echoendoscope during guidewire manipulation [18]. Allowing excess length of the
guidewire in the distal pancreatic duct or forming loops in the duodenum prevents loss of
access to the PD. When wire manipulation into the duodenum is unsuccessful, injection of
diluted methylene blue (1–3 cc of methylene blue, diluted with 15 cc saline or contrast) via
the FNA needle into the duct may help to endoscopically identify an obscured ampullary
orifice to aid cannulation by the duodenoscope during EUS- RV [22,23].

4.4. EUS- RV ERP

EUS- RV ERP is indicated when the papilla is still anatomically accessible by the
duodenoscope, but initial cannulation of PD by conventional ERP has failed (Figure 1).
Following pancreatic duct puncture, the guidewire is introduced antegrade towards the
head of the pancreas into the duodenum and allowed to form loops in the duodenum.
The linear echoendoscope is removed, leaving the guidewire in situ. The therapeutic
duodenoscope is then inserted in the usual fashion into the second part of the duodenum
and the end of the previously inserted guidewire is grasped into the working channel of
the duodenoscope using forceps or a snare and withdrawn through the accessory channel.
From here, the PD can either be cannulated over the wire or alongside the wire. In patients
with pancreatic divisum, the guidewire may be introduced through the pancreatic duct and
directed into the duodenum via the minor papilla [24]. This allows for papillotomy of the
minor papilla and insertion of a 5 cm 10 Fr plastic stent for drainage of the pancreatic duct.

4.5. Transmural Approaches with Transpapillary or Trans-Anastomotic Stenting

Transmural techniques are employed for either EUS- PGS or EUS- PDS or transpap-
illary/ trans-anastomotic stenting (Figure 2). Transmural EUS- PDD is performed when
the papilla is inaccessible or when EUS RV is not successful l [21]. The MPD is accessed
in a similar fashion as described above. The steps after initial access include dilatation
of the EUS- PDS or PGS fistula track followed by deployment of the stent. Dilatation of
the puncture site can be performed either with cautery or non-cautery devices [19]. Non-
cautery dilatators will include either mechanical dilators or balloon dilators (Hurricane RX
Biliary Dilatation Balloon, Boston Scientific, Malborough, MA, USA). Options for cautery
dilators include the use of either a 6 Fr cystotome (Cysto Gastro Set; Endo-flex, GmbH,
Voerde, Germany) or triple lumen needle knife (Microknife; Boston Scientific) [21]. Tract
dilatation is a difficult step in EUS- PD; the endoscopist may encounter difficulty pene-
trating the fibrotic pancreatic parenchyma when a mechanical dilator or balloon dilator is
employed for track dilatation without cautery. Conversely, several groups advocate the
use of mechanical dilatators [25,26] before using cautery-assisted devices due to the risk of
bleeding associated with cautery devices [27]. Recently, devices have become available. A
new ultra-tapered mechanical dilator (ES dilator DC7R180S; Zeon Medical Co., Ltd., Tokyo,
Japan) developed for EUS- PDD demonstrated decreased bleeding risk (0% vs. 18.2%,
p = 0.04) with similar rates of dilatation success (93.3% vs. 95.0%, p < 0.05) when compared
to a 6Fr cautery dilator [28]. Nakai et al. described a double-wire technique in 2019 to
help stabilize the echoendoscope position when performing EUS-guided pancreatic stent
placement for a patient with PJ stenosis [29]. With 0.025 in guidewire in place, fistula track
dilatation with 6 Fr cystotome was performed. A double-lumen catheter (double-lumen
cannula; Piolax, Kanagawa, Japan) was inserted, and an additional 0.035 in guidewire
inserted (Renowave Ultrahard; Piolax) through the PJ stricture into the jejunum [29]. The
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introduction of the additional guidewire reduces the angulation between the puncture site
and the PD which facilitates the insertion of the stent device and other accessories. Two
plastic stents were then placed separately over the two guidewires. On the other hand,
a plastic stent can also be deployed across the papilla or PJ anastomosis, with the distal
end of the stent in the jejunum and the proximal end of the stent in the gastric lumen (i.e.,
“ring drainage” or gastro-pancreatico-jejunostomy) [5,30]. Ring drains facilitate future stent
exchanges by keeping the pancreatico-gastric fistula track patent and reduces the risk of
stent migration risk [30].
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Figure 2. EUS-guided drainage of a pancreatico-jejunal anastomotic stricture after Whipple opera-
tion. (A) EUS-guided puncture of the pancreatic duct (arrow indicates the position of the needle)
(B) Injection of contrast through the needle showing a pancreatogram. (C) Passage of guidewire and
cystotome into the pancreatic duct. (D) Passage of the guidewire across the anastomotic stricture
(indicated by the arrow) with the use of the cystotome as a pivot. Contrast injection through the
cystotome outlined the jejunum and also part of the bile duct. (E) Dilation of the stricture with a
4 mm balloon (indicated by the arrow). (F) Placement of a plastic stent across the PJ anastomosis into
the stomach.

4.6. Transmural Stenting with Antegrade/Retrograde Stenting

Transmural antegrade or retrograde stenting is performed when there is difficulty
passing the guidewire beyond the pancreatic duct stricture or PJ anastomotic stricture.
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Transmural stenting can be either antegrade when the stent is placed towards the head
of the pancreas or retrograde when placed towards the tail of the pancreas. Following
pancreatic duct access and fistula track dilatation as described above, plastic stents (usually
5 or 7 Fr plastic stents) are deployed with the distal end in the pancreatic duct and the
proximal end in the enteric lumen. When choosing plastic stents for the creation of PDS or
PGS, one should choose a plastic stent without a side aperture (Tannenbaum type) to avoid
pancreatic juice leakage into the peritoneum via the side hole [31]. The use of modified
anti-migratory FCSEMS with proximal and distal anchoring flaps (M.I. Tech, Seoul, Korea)
across the pancreatico-gastric or enteric anastomosis has also been described [32], although
there is a risk of obstructive pancreatitis if side branches of the PD are blocked. Success
rates and long-term outcomes following FCSEMS in patients with pancreatico-jejunostomy
anastomotic strictures (PJAS) following a Whipple operation have also been described [33].
Out of 23 patients who underwent FCSEMS, 5 patients (21.7%) developed late adverse
events of which only 1 (4.3%) was due to stent occlusion which resulted in symptom
recurrence [33]. Uncovered SEMS is not used due to the risk of pancreatic fluid leakage
between the stomach and the pancreas.

To circumvent the problem of difficult fistula track dilatation and subsequent passage
of stent across the gastric wall and pancreatic parenchyma into the MPD, Hayat et al.
described PGS creation using small caliber accessories. After EUS-guided puncture of the
PD and pancreatogram, over 0.018 inch guidewire, a 4 Fr angiogplasty balloon (Sterling,
Boston Scientific, Malborough, MA, USA) was used to dilate the pancreatico-gastrostomy
fistula track. A 3 Fr single pigtail stent was used to drain the pancreatic duct with the pigtail
end in the intestine lumen or proximal PD, and the proximal end in the gastric lumen [34].

4.7. Per Oral Pancreaticoscopy

Per-oral pancreaticoscopy (POPS) following the creation of pancreatico-gastrostomy
(PGS) and stent insertion has been described [35]. Three months following the PGS creation,
a guidewire is inserted alongside the previously inserted stent and the stent is removed.
The fistula and stricture sites were dilated with a 4 mm balloon (4-mm REN; Kaneka). A
digital cholangiopancreatoscope (Spy Scope DS; Boston Scientific) was used to evaluate
the cause of the stricture and perform electrohydraulic lithotripsy (EHL) of any pancreatic
stones. The plastic stents were then regularly exchanged every two to three months for a
year.

Per-oral pancreaticoscopy was performed in 13 out of 19 patients who underwent EUS-
PGS [35]. Technical success of POPS was 100% with the median length of the procedure tak-
ing 66 min. POPS resulted in mild pancreatitis in one patient (8%), and asymptomatic stent
migration in another. Following POPS, two or three 7-Fr plastic stents were placed across
the stricture for dilatation. At the time of data analysis, four patients with benign fibrotic
pancreatic strictures who had reached 1-year follow-up had improvement in pancreatic
duct strictures and were stent free.

5. Outcomes

The outcomes of patient cohorts undergoing EUS- PDD are summarized in Table 2.
Kahaleh reported in 2007 a series of 13 patients who underwent EUS-guided PGS with a
plastic stent, of which 7 patients had surgically altered anatomy and the rest had pancreatic
duct stricture due to pancreatitis or neoplastic process [4]. A total of 10 patients had
successful stent placement across the PGS fistula (76.9%). After a mean follow-up of
14 months, mean pancreatic duct size was reduced from 4.6 to 3.0 mm (p = 0.01) with
significant improvement in pain score from 7.3 to 3.6 (p = 0.01) [4]. Adverse events occurred
in two patients, one with bleeding and another with contained perforation. Will et al.
described a series of 12 patients over a 3-year period who underwent EUS- PGS after failing
standard ERP and drainage of the pancreatic duct [36]. Pancreatography was successful
in all patients and drainage was achieved in 69% of patients [36]. The adverse events
rate was 42.9% with post-procedural pain accounting for most events. A total of 14.3% of
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patients needed repeat endoscopic drainage and another 14.3% required surgical drainage
of the pancreatic duct. Krafft et al. described a dual-center study of 28 patients undergoing
anterograde EUS- PGS for chronic pancreatitis or PJ stenosis after Whipple surgery [11].
The technical and clinical success rates were 82% (23/28) and 77% (17/22), respectively,
with an adverse event rate of 14% (4/28).

Table 2. Outcomes of EUS-guided pancreatic duct intervention.

Author Type of Study Patients Indications Technical
Success, n (%)

Clinical Success,
n (%)

Adverse Events, n
(%) Comments

Kahaleh et al.
(2007) [4] Prospective 13 [EUS- TMD]

SAA, strictures
secondary to
pancreatitis,

IPMN

10/13 (77%) NR

2/13 (15.3%)

Bleeding (1),
perforation (1)

Improvement in
MPD diameter,
pain score, and
weight on long
term follow up

Tessier et al.
(2007) [37] Retrospective 36 [EUS- TMD]

SAA, chronic
pancreatitis,

PJAS
33/36 (92%)

Pain relief: 25/36
(69%)
Stent

dysfunction:
20/36 (55%)

5/35 (13.8%)

2 severe, 3 mild

Barkay et al.
(2010) [38] Retrospective 21 [EUS- RV] Failed ERP 10/21 (48%) NR

2/20 (10%) 1 case
of pancreatitis 1

case of
peripancreatic

abscess)

Dilated PD was
associated with

greater
likelihood of
EUS-guided

pancreatography

Ergun et al.
(2011) [39] Retrospective

20 [total]/ 24
procedures

5 [EUS- RV]
19 [EUS- TMD]

CP, PJAS
18/20 (90%)
5/5 (100%)

15/19 (79%)

Pain term pain
resolution: 13/18

(72%)

2/20 (10%)
including bleeding

and perigatric
collection.
9/18 (50%)

developed stent
dysfunction

Significant
decrease in pain
scores and MPD

size after
long-term
follow-up.

Shah et al.
(2012) [40] Retrospective

24 [total]/30
procedures

16 [EUS- RV]
14 [EUS- TMD]

CP, pancreatic
duct leak, PJAS

19/30 (63%)
9/16 (56%)

10/14 (71%)
NR 4/ 22 (18%)

Kurihara et al.
(2013) [20] Retrospective

14 [total]/17
procedures

11 [EUS- RV]
5 [EUS- TMD]

PJAS, CP
14/17 (82.3%)
11/17 (64.7%)

3/5 (60%)
NR

1/17 (5.8%)

1 case developed
pancreatic

pseudocyst with
aneurysm

Patients
underwent EUS-
PD after failed

EUS- RV.

Fujii et al.
(2013) [12] Retrospective 45 [total] SAA, failed ERP

32/43 (74%)
14 [EUS- RV]

18 [EUS- TMD]

Long-term
symptom

resolution: 24/29
(83%)

3/45 (6.6%)
with severe

complications

16/35 (35.5%)
developed

abdominal pain

EUS- RV
significantly

longer than EUS-
TMD (130 vs. 125

min, p = 0.05)

Will et al.
(2015) [41] Retrospective 94 [total]/111

procedures

CP, pancreatic
divisum, DPDS,

POPF

47/83 (56.6%)
21 [EUS- RV]

26 [EUS- TMD]
68/83 (81.9%)

24/111 (21.6%)
(2 severe, 20

intermediate, 2
minor AEs)

Chen et al.
(2017) [42] Retrospective

40 [Total]

37 [EUS- TMD]
3 [EUS- RV]

Pancreatic
intervention

post-Whipple
operation

37/40 (92.5%)
34/ 37 (91.8%)

3/3 (100%)

32/40 (87.5%)
29/37 (78.3%)

3/3 (100%)
14/40 (35.0%)

Tyberg et al.
(2018) [5] Retrospective

80 [total]

66 [EUS- RV]
14 [EUS- TMD]

Malignancy,
chronic

pancreatitis
71/ 80 (89%) 65/80 (81%)

Immediate 16/80
(20%);

Delayed 9/80
(11%)

Comparative
study of EUS-

PDD and e-ERP.
EUS- PDD had
higher clinical
and technical

success.

Uchida et al.
(2018) [25] Retrospective

15 [total]

2 [EUS- RV]
13 [EUS- TMD]

Pancreatic
strictures (8

benign, 7
malignant)

13/15 (86%)
Benign 75% (6/8)
malignant 100%

(7/7)

12/13 (92.3%)
Benign 100%

(6/6), malignant
87.5% (6/7)

4/15
(26.7%)–peritonitis,

stent migration,
bleeding
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Table 2. Cont.

Author Type of Study Patients Indications Technical
Success, n (%)

Clinical Success,
n (%)

Adverse Events, n
(%) Comments

Tellez-Avina
et al. (2018)

[43]
Retrospective 21 [EUS- TMD] DPDS 21/21 (100%) 17/21 (80.9%) 5/21 (23.8%)

Matsunami
et al. (2019)

[44]
Retrospective 30 [EUS- TMD]

Acute recurrent
pancreatitis with

stricture
30/30 (100%) 23/30 (76%)

7/30 (23%): mild
abdominal

pain/bleeding/pancreatitis
6/25 (24%): stent

dislodgement

Oh et al. (2019)
[33] Retrospective

23 [total]

3 patients
underwent

plastic stenting

20 patients
underwent

FCSEMS

PJAS 23/23 (100%) 23/23 (100%)

Early adverse
events: 4/23

(17.4%)
Late adverse
events: 5/23

(21.7%)

Utilized
FCSEMS.

Krafft et al.
(2020) [11] Retrospective 28 [EUS- TMD] CP, PJS 23/28 (82%) 21/28(75%) 4/28 (14.2%)

Long-term
outcomes:

52% developed
DM, 14.2%
developed
exocrine

insufficiency,
83% had stents
in situ after 12

months

Dalal et al.
(2020) [16] Retrospective

44 [total]

23/44 [EUS- RV]
21/44 [EUS-

TMD]

Failed ERP, SAA
39/44 (88.6%)
22/23 (95.6%)
17/21 (80.9%)

35/44 (79.5%)
19/23 (82.6%)
16/21 (76.1%)

10/44 (22.7%)

2/28 patients
underwent

gastropancreati-
coenterostomy

“ring drainage”

Legend: SAA–surgically altered anatomy, IPMN–intraductal papillary mucinous neoplasm, MPD–main pancreatic
duct, PJAS–pancreatico-jejunal anastomotic strictures, ERP–endoscopic retrograde pancreatography, CP–chronic
pancreatitis, DPDS–disconnected pancreatic duct syndrome, POPF–post-operative pancreatic fistula, EUS- RV–
EUS rendezvous, EUS- TMD–EUS-transmural stenting, FCSEMs–fully covered self-expanding metal stents.

5.1. Long-Term Outcomes

Fujii et al. [12] published long-term follow-up of 29 patients who successfully under-
went EUS- PDD. Of 23 patients who successfully underwent EUS- PDD and had > 1-year
follow-up, 16 patients (69.6%) had complete symptom resolution. Stents were removed af-
ter a median of 4 months in 23 patients, and symptom recurrence was seen in 13.1 % (n = 4)
of patients after a median of 14 months follow-up (range 2–45 months). No further surgical
or endoscopic intervention was required for these patients who had symptom recurrence
or incomplete symptom resolution. Tellez et al. reported long-term results of permanent
indwelling transmural stents for patients with disconnected pancreatic duct syndrome [43].
Technical success was 100% with clinical success of 80.9% (17/21 patients). A total of 25.3%
of the cohort developed adverse events, most of which were stent migration.

An international multi-center prospective study reported the outcomes of 80 patients
who underwent EUS- PDD [5]. A total of 83% (n = 66) of this cohort had malignant disease
and 45% (n = 36) had surgically altered anatomy. Technical success was achieved in 89%
(n = 71) and clinical success in 81% of patients (n = 65). The immediate adverse event rate
was 20% (n = 16). A total of 12 out of 16 immediate adverse events were classified as major
and included post-ERCP pancreatitis, pancreatic fluid collection, pancreatic duct leakage,
and bowel perforation. The method of approach (either antegrade or retrograde) did not
predict technical success or clinical success [5]. Uchida et al. compared outcomes of EUS-
PGS for patients with benign strictures compared to malignant obstructions. Technical
success (75% vs. 100%) and clinical success (100% vs. 85.7%) were similar for EUS- PGS per-
formed for benign and malignant indications respectively with a non-significant difference
in adverse event rates [25].
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Recently, Sakai et al. described the endoscopic outcomes following endoscopic
transpapillary pancreatic drainage (ETPD) and EUS- PDD in patients with benign pan-
creatic duct obstruction [45]. Eight out of ten patients who failed ETPD underwent EUS-
PDD together with two patients undergoing EUS- PDD as a primary procedure. When
added to ETPD, EUS- PDD improved the technical success rates of endoscopic intervention
from 82% to 91% for chronic pancreatitis and 0 % to 80% in patients with pancreatico-
jejunostomy stricture [45]. The overall clinical success rate of endoscopic interventions was
97%. Post-procedural pancreatitis in the EUS- PDD group was 30% (n = 3). Sakai’s study
demonstrated that EUS- PDD was more likely to achieve technical success than ETPD for
PJ stenosis; when added to ETPD as a salvage procedure, decreased the number of patients
who would otherwise require surgical drainage for pancreatic obstruction [45].

5.2. Post-Operative Pancreatic Fistula

In a study of 24 patients undergoing POPF drainage after pancreatic resection, the
POPF could be visualized on EUS from the gastric position in five patients and hence
underwent EUS- transmural drainage (TMD). The remaining 19 patients underwent percu-
taneous drainage. Both EUS- TMD and percutaneous drainage achieved a technical success
of 100%. The short- and long-term clinical success rates of EUS- TMD were both 100%,
compared to 61.1% and 83% for percutaneous drainage. The time until clinical success for
EUS- TD was markedly shorter (5.8 days vs. 30.4 days, p = 0.0013) in patients undergoing
EUS- TMD [46].

5.3. Comparison between e-ERP vs. EUS- PDD

Chen et al. compared the efficacy of EUS- PDD compared to enteroscopy-assisted
ERP (e-ERP) in an international multi-center comparative retrospective study. A total of
75 procedures (40 EUS- PDD and 35 e-ERP) were performed in 66 patients. Technical (92.5%
vs. 20%, p < 0.001) and clinical success (87.5% vs. 23.1%, p < 0.001) were significantly
superior in the EUS- PDD group compared to e-ERP but resulted in more adverse events
(35.0% vs. 2.9%, OR 18.3, p < 0.01) [42]. The lower technical success in the e-ERP group
was due to failed cannulation in 42.9%, failed identification of PJ anastomosis (35.7%), and
inability to reach the PJ in 21.4% [42]. Kogure et al. reported the outcomes of pancreatic
interventions performed via double-balloon enteroscopy (DBE- assisted) ERP compared to
EUS- PDD [47]. EUS- PDD was utilized as a salvage procedure when DBE -ERP failed and
vice versa. The technical success of DB-ERP was 70.7% compared to 100% for EUS- PDD
(p = 0.092). The clinical success of DB- ERP was similar to EUS- PDD (68.3% vs. 66.7%) and
overall clinical success improved to 85.0% by combining both DB-ERP and EUS- PD [47].

5.4. Comparison between EUS- RV and EUS- TMD

Dalal et al. compared the outcomes of patients undergoing EUS-guided rendezvous
technique compared to those who underwent antegrade stenting. Technical success for
EUS- RV was 95.6% (22/23 patients) compared to 77.8% (14/18) in EUS- PGS (p = 0.08).
Clinical success was also similar between the two techniques (RV 86.9% vs. PGS 72.2%).
The rendezvous technique had a non-significant reduction in adverse events compared to
EUS-guided PGS (17.4% vs. 33.3 %, p > 0.05) [16].

5.5. Overall Outcomes from Meta-Analyses and Systemic Reviews

Published reports currently estimate the technical success of EUS- PDD to be around
80% with an adverse event rate of 20% [14,18,48]. Imoto et al. summarized in a review the
outcomes of 401 patients who underwent EUS-guided transmural stenting. The overall
technical and clinical success rates were 85% (339/401 patients) and 88% (328/372 patients)
respectively [19]. Adverse outcomes occurred in 25% (102/401 patients), of which 5%
(20/401) were classified as severe adverse events. Bhurwal et al. summarized the outcomes
of EUS-guided pancreatic duct decompression in a recent meta-analysis [48]. In this meta-
analysis comprising 503 patients, the technical success rate was 81.4%, clinical success
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was 84.6% with an overall adverse event rate of 21.3% (mostly post-procedural pain), and
pooled event rate of 5% for EUS- PD pancreatitis. Results from an earlier meta-analysis [14]
were similar with a pooled technical success rate of 84.8% (95% CI 79.1–89.2) and clinical
success of 89.2% (95% CI 82.1–93.7). Pooled adverse event rates were 18.1% (95% CI 14.2–
22.9) and 6.6% (95% CI 4.5–9.4) for acute pancreatitis, 4.1% (95% CI 2.7–6.2) for bleeding,
3.1% (95% CI 1.9–5) for perforation and 2.3% (95% CI 1.4–4) for pancreatic leakage.

In a systemic review comparing pancreatic duct cannulation outcomes of patients who
underwent ERP guided vs. EUS-guided pancreatic access for pancreatico-jejunostomy (PJ)
stenosis, an EUS-guided approach resulted in higher pancreatic duct opacification (87% vs.
30%, p <0.001), cannulation success (79% vs. 26%, p < 0.001), and stent placement (72% vs.
20%, p< 0.001) [49]. Clinical success was also higher in the EUS group compared to the ERP
group (79% vs. 19%, p < 0.001) [49] even though the definition of clinical success was not
standardized.

6. EUS- PDD Training

Tyberg et al. reported the learning curve of EUS- PDD for a single expert ERCP / EUS
operator from a retrospective registry [50]. In a series comprising 56 patients, the median
procedural time was found to be 80 min (range 49–159 min). CUSUM analysis showed a
progressive reduction in procedural time with a procedural time of 80 min achieved on the
27th procedure, indicating procedural efficiency. Procedural duration further reduced until
the 40th procedure before reaching a plateau indicating proficiency. These results suggest
that even for the experienced interventional endoscopist, 40 cases are required prior to
mastery of the procedure [50]. Technical success was achieved in 84% of patients and the
overall adverse event rate was 24% in this series [50].

7. Future Directions

Over the last two decades, EUS- PDD has evolved significantly and now plays an
important role in the management of pancreatic duct obstruction, especially in patients with
altered surgical anatomy and failed drainage by traditional ERP techniques. Case series
regarding EUS- PDD have mostly been retrospective in nature involving small cohorts of
patients. Consequently, guidelines surrounding EUS- PDD have only provided guiding
statements backed up by low-quality evidence [51,52]. There is a need for larger prospective
and long-term comparative studies in the field of EUS- PDD. Several studies consist of
mixed cohorts of EUS- PDD patients who have undergone EUS- RV and transmural stenting
and outcomes are not reported separately [4,5,36]; future studies should report the outcomes
of EUS- RV and transmural stenting independently as these procedures have varying
technical considerations as well as varying technical success. Furthermore, definitions
for technical and clinical success in EUS- PDD have not been standardized. Technical
success in EUS- PDD varies and has been defined as a successful pancreatogram, successful
negotiation of the guidewire past the obstruction, as well as stent placement into the MPD
in different studies. The lack of standardization makes the comparison of results difficult,
and this is evident in the results of a meta-analysis in EUS- PDD where heterogeneity has
been noted [14,48]. EUS- PDD is a challenging procedure due to several technical factors
as previously discussed, as well as the lack of dedicated accessories and limited training
opportunities due to the rare indications for the procedure. The development of dedicated
accessories such as small caliber accessories [34] may improve the technical success of
EUS- PDD but direct head-to-head comparisons with standard accessories have not been
performed. Adverse events still occur in about 20% of EUS- PDD cases and guidelines
have suggested that experience in other EUS-guided drainage procedures may improve
the success rates and reduce the risk of adverse events [52]. Given that the learning curve
of EUS- PDD has recently been described to be around 40 cases [50], it is imperative to
research how the EUS- PDD learning curve can be surmounted in fewer cases through
better standardized training and the provision of better accessories to improve the success
rates and safety of the procedure.
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The advent of per-oral pancreatoscopy is an exciting development in EUS-guided
pancreatic duct access. Currently, there are few case series proving the efficacy and safety
of POPS [35]; per oral cholecystoscopy after EUS- gallbladder drainage opened a whole
new paradigm into the treatment of gallbladder-related diseases, such as cholecystoscopy-
guided target biopsy of gallbladder neoplasm and lithotripsy of gallbladder stones [53].
Similarly, POPS can expand the indications for EUS-guided PD access and allow the
development of a new tool for luminal diagnosis and management of pancreatic diseases.

8. Conclusions

EUS- PDD is a valuable skill in the interventional endoscopist’s armamentarium of
skills to deal with main pancreatic duct obstruction when traditional ERP techniques have
failed. It is especially valuable in cases with altered surgical anatomy, such as in PJAS
after the Whipple operation. In skilled hands, EUS- PDD is associated with high technical
and clinical success rates, although one in five patients who undergo EUS- PDD may still
experience adverse events. Standardization of EUS- PDD techniques, the introduction of
dedicated accessories, and the provision of structured training in high-volume centers will
improve the outcomes of patients who undergo EUS- PDD who might otherwise require
surgical management which is associated with high morbidity and mortality.

Author Contributions: J.L.T. was involved in the literature review, formulation, and revision of
the manuscript. A.Y.B.T. was involved in the study conception, formulation, critical revision, and
final approval of the manuscript. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Conflicts of Interest: A.Y.B.T. is a consultant for Boston Scientific, Cook, Taewoong, Microtech, and
MI Tech Medical Corporations. J.L.T. has no conflicts of interest to disclose.

References
1. Bataille, L.; Deprez, P. A new application for therapeutic EUS: Main pancreatic duct drainage with a “pancreatic rendezvous

technique”. Gastrointest. Endosc. 2002, 55, 740–743. [CrossRef]
2. François, E.; Kahaleh, M.; Giovannini, M.; Matos, C.; Devière, J. EUS-guided pancreaticogastrostomy. Gastrointest. Endosc. 2002,

56, 128–133. [CrossRef]
3. Devière, J. EUS-guided pancreatic duct drainage: A rare indication in need of prospective evidence. Gastrointest. Endosc. 2017, 85,

178–180. [CrossRef]
4. Kahaleh, M.; Hernandez, A.J.; Tokar, J.; Adams, R.B.; Shami, V.M.; Yeaton, P. EUS-guided pancreaticogastrostomy: Analysis of its

efficacy to drain inaccessible pancreatic ducts. Gastrointest. Endosc. 2007, 65, 224–230. [CrossRef]
5. Tyberg, A.; Sharaiha, R.Z.; Kedia, P.; Kumta, N.; Gaidhane, M.; Artifon, E.; Giovannini, M.; Kahaleh, M. EUS-guided pancreatic

drainage for pancreatic strictures after failed ERCP: A multicenter international collaborative study. Gastrointest. Endosc. 2017, 85,
164–169. [CrossRef]

6. Toshima, T.; Fujimori, N.; Yoshizumi, T.; Itoh, S.; Nagao, Y.; Harada, N.; Oono, T.; Mori, M. A Novel Strategy of Endoscopic
Ultrasonography-Guided Pancreatic Duct Drainage for Pancreatic Fistula After Pancreaticoduodenectomy. Pancreas 2021, 50,
e21–e22. [CrossRef]

7. Chapman, C.G.; Waxman, I.; Siddiqui, U.D. Endoscopic Ultrasound (EUS)-Guided Pancreatic Duct Drainage: The Basics of When
and How to Perform EUS-Guided Pancreatic Duct Interventions. Clin. Endosc. 2016, 49, 161–167. [CrossRef]

8. García-Alonso, F.J.; Peñas-Herrero, I.; Sanchez-Ocana, R.; Villarroel, M.; Cimavilla, M.; Bazaga, S.; De Benito Sanz, M.; Gil-Simon,
P.; de la Serna-Higuera, C.; Perez-Miranda, M. The role of endoscopic ultrasound guidance for biliary and pancreatic duct access
and drainage to overcome the limitations of ERCP: A retrospective evaluation. Endoscopy 2021, 53, 691–699. [CrossRef]

9. Ghandour, B.; Akshintala, V.S.; Bejjani, M.; Szvarca, D.; Khashab, M.A. A modified approach for endoscopic ultrasound-guided
management of disconnected pancreatic duct syndrome via drainage of a communicating collection. Endoscopy 2022, 54, 917–919.
[CrossRef]

10. Miyata, T.; Kamata, K.; Takenaka, M. Endoscopic ultrasonography-guided transenteric pancreatic duct drainage without cautery
for obstructive pancreatitis as a result of ampullary carcinoma. Dig. Endosc. 2018, 30, 403–404. [CrossRef]

11. Krafft, M.R.; Croglio, M.P.; James, T.W.; Baron, T.H.; Nasr, J.Y. Endoscopic endgame for obstructive pancreatopathy: Outcomes of
anterograde EUS-guided pancreatic duct drainage. A dual-center study. Gastrointest. Endosc. 2020, 92, 1055–1066. [CrossRef]

http://doi.org/10.1067/mge.2002.123621
http://doi.org/10.1067/mge.2002.125547
http://doi.org/10.1016/j.gie.2016.08.041
http://doi.org/10.1016/j.gie.2006.05.008
http://doi.org/10.1016/j.gie.2016.07.030
http://doi.org/10.1097/MPA.0000000000001729
http://doi.org/10.5946/ce.2016.011
http://doi.org/10.1055/a-1266-7592
http://doi.org/10.1055/a-1633-2762
http://doi.org/10.1111/den.13030
http://doi.org/10.1016/j.gie.2020.04.061


J. Clin. Med. 2023, 12, 1626 13 of 14

12. Fujii, L.L.; Topazian, M.D.; Abu Dayyeh, B.K.; Baron, T.H.; Chari, S.T.; Farnell, M.B.; Gleeson, F.C.; Gostout, C.J.; Kendrick, M.L.;
Pearson, R.K.; et al. EUS-guided pancreatic duct intervention: Outcomes of a single tertiary-care referral center experience.
Gastrointest. Endosc. 2013, 78, 854–864.e1. [CrossRef] [PubMed]

13. Chen, Y.I.; Saxena, P.; Ngamruengphong, S.; Haito-Chavez, Y.; Bukhari, M.; Artifon, E.; Khashab, M.A. Endoscopic ultrasound-
guided pancreatic duct drainage: Technical approaches to a challenging procedure. Endoscopy 2016, 48 (Suppl. 1), E192–E193.
[CrossRef] [PubMed]

14. Chandan, S.; Mohan, B.P.; Khan, S.R.; Kassab, L.L.; Ponnada, S.; Ofosu, A.; Bhat, I.; Singh, S.; Adler, D.G. Efficacy and safety
of endoscopic ultrasound-guided pancreatic duct drainage (EUS-PDD): A systematic review and meta-analysis of 714 patients.
Endosc. Int. Open 2020, 8, E1664–E1672. [CrossRef]

15. Vila, J.J.; Pérez-Miranda, M.; Vazquez-Sequeiros, E.; Abadia, M.A.; Pérez-Millán, A.; González-Huix, F.; Gornals, J.; Iglesias-Garcia,
J.; De la Serna, C.; Aparicio, J.R.; et al. Initial experience with EUS-guided cholangiopancreatography for biliary and pancreatic
duct drainage: A Spanish national survey. Gastrointest. Endosc. 2012, 76, 1133–1141. [CrossRef] [PubMed]

16. Dalal, A.; Patil, G.; Maydeo, A. Six-year retrospective analysis of endoscopic ultrasonography-guided pancreatic ductal interven-
tions at a tertiary referral center. Dig. Endosc. 2020, 32, 409–416. [CrossRef] [PubMed]

17. Veitch, A.M.; Radaelli, F.; Alikhan, R.; Dumonceau, J.M.; Eaton, D.; Jerrome, J.; Lester, W.; Nylander, D.; Thoufeeq, M.; Vanbiervliet,
G.; et al. Endoscopy in patients on antiplatelet or anticoagulant therapy: British Society of Gastroenterology (BSG) and European
Society of Gastrointestinal Endoscopy (ESGE) guideline update. Gut 2021, 70, 1611–1628. [CrossRef]

18. Nakai, Y.; Kogure, H.; Isayama, H.; Koike, K. Endoscopic ultrasound-guided pancreatic duct drainage. Saudi J. Gastroenterol. 2019,
25, 210–217. [CrossRef]

19. Imoto, A.; Ogura, T.; Higuchi, K. Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: Techniques and Literature Review of
Transmural Stenting. Clin. Endosc. 2020, 53, 525–534. [CrossRef]

20. Kurihara, T.; Itoi, T.; Sofuni, A.; Itokawa, F.; Moriyasu, F. Endoscopic ultrasonography-guided pancreatic duct drainage after
failed endoscopic retrograde cholangiopancreatography in patients with malignant and benign pancreatic duct obstructions. Dig.
Endosc. 2013, 25 (Suppl. 2), 109–116. [CrossRef]

21. Abdelqader, A.; Kahaleh, M. When ERCP Fails: EUS-Guided Access to Biliary and Pancreatic Ducts. Dig. Dis. Sci. 2022, 67,
1649–1659. [CrossRef] [PubMed]

22. Elmunzer, B.J.; Piraka, C.R. EUS-Guided Methylene Blue Injection to Facilitate Pancreatic Duct Access After Unsuccessful ERCP.
Gastroenterology 2016, 151, 809–810. [CrossRef] [PubMed]

23. Aneese, A.M.; Ghaith, G.; Cannon, M.E.; Manuballa, V.; Cappell, M.S. EUS-guided methylene blue injection to facilitate endoscopic
cannulation of an obscured pancreatic duct orifice after ampullectomy. Am. J. Gastroenterol. 2018, 113, 782–783. [CrossRef]
[PubMed]

24. Will, U.; Meyer, F.; Manger, T.; Wanzar, I. Endoscopic ultrasound-assisted rendezvous maneuver to achieve pancreatic duct
drainage in obstructive chronic pancreatitis. Endoscopy 2005, 37, 171–173. [CrossRef] [PubMed]

25. Uchida, D.; Kato, H.; Saragai, Y.; Takada, S.; Mizukawa, S.; Muro, S.; Akimoto, Y.; Tomoda, T.; Matsumoto, K.; Horiguchi, S.;
et al. Indications for Endoscopic Ultrasound-Guided Pancreatic Drainage: For Benign or Malignant Cases? Can. J. Gastroenterol.
Hepatol. 2018, 2018, 8216109. [CrossRef]

26. Itoi, T.; Yasuda, I.; Kurihara, T.; Itokawa, F.; Kasuya, K. Technique of endoscopic ultrasonography-guided pancreatic duct
intervention (with videos). J. Hepatobiliary Pancreat. Sci. 2014, 21, E4–E9. [CrossRef]

27. Park, D.H.; Jang, J.W.; Lee, S.S.; Seo, D.W.; Lee, S.K.; Kim, M.H. EUS-guided biliary drainage with transluminal stenting after
failed ERCP: Predictors of adverse events and long-term results. Gastrointest. Endosc. 2011, 74, 1276–1284. [CrossRef]

28. Honjo, M.; Itoi, T.; Tsuchiya, T.; Tanaka, R.; Tonozuka, R.; Mukai, S.; Sofuni, A.; Nagakawa, Y.; Iwasaki, H.; Kanai, T. Safety and
efficacy of ultra-tapered mechanical dilator for EUS-guided hepaticogastrostomy and pancreatic duct drainage compared with
electrocautery dilator (with video). Endosc. Ultrasound. 2018, 7, 376–382. [CrossRef]

29. Nakai, Y.; Kogure, H.; Koike, K. Double-guidewire technique for endoscopic ultrasound-guided pancreatic duct drainage. Dig.
Endosc. 2019, 31 (Suppl. 1), 65–66. [CrossRef]

30. Krafft, M.R.; Nasr, J.Y. Anterograde Endoscopic Ultrasound-Guided Pancreatic Duct Drainage: A Technical Review. Dig. Dis. Sci.
2019, 64, 1770–1781. [CrossRef]

31. Itoi, T.; Kasuya, K.; Sofuni, A.; Itokawa, F.; Kurihara, T.; Yasuda, I.; Nakai, Y.; Isayama, H.; Moriyasu, F. Endoscopic
ultrasonography-guided pancreatic duct access: Techniques and literature review of pancreatography, transmural drainage and
rendezvous techniques. Dig. Endosc. 2013, 25, 241–252. [CrossRef] [PubMed]

32. Oh, D.; Park, D.H.; Cho, M.K.; Nam, K.; Song, T.J.; Lee, S.S.; Seo, D.W.; Lee, S.K.; Kim, M.H. Feasibility and safety of a fully
covered self-expandable metal stent with antimigration properties for EUS-guided pancreatic duct drainage: Early and midterm
outcomes (with video). Gastrointest. Endosc. 2016, 83, 366–373.e2. [CrossRef] [PubMed]

33. Oh, D.; Park, D.H.; Song, T.J.; Lee, S.S.; Seo, D.W.; Lee, S.K.; Kim, M.H. Long-term outcome of endoscopic ultrasound-guided
pancreatic duct drainage using a fully covered self-expandable metal stent for pancreaticojejunal anastomosis stricture. J.
Gastroenterol. Hepatol. 2020, 35, 994–1001. [CrossRef] [PubMed]

34. Hayat, U.; Freeman, M.L.; Trikudanathan, G.; Azeem, N.; Amateau, S.K.; Mallery, J. Endoscopic ultrasound-guided pancreatic
duct intervention and pancreaticogastrostomy using a novel cross-platform technique with small-caliber devices. Endosc. Int.
Open 2020, 8, E196–E202. [CrossRef] [PubMed]

http://doi.org/10.1016/j.gie.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/23891418
http://doi.org/10.1055/s-0042-107075
http://www.ncbi.nlm.nih.gov/pubmed/27219512
http://doi.org/10.1055/a-1236-3350
http://doi.org/10.1016/j.gie.2012.08.001
http://www.ncbi.nlm.nih.gov/pubmed/23021167
http://doi.org/10.1111/den.13504
http://www.ncbi.nlm.nih.gov/pubmed/31385380
http://doi.org/10.1136/gutjnl-2021-325184
http://doi.org/10.4103/sjg.SJG_474_18
http://doi.org/10.5946/ce.2020.173
http://doi.org/10.1111/den.12100
http://doi.org/10.1007/s10620-022-07423-w
http://www.ncbi.nlm.nih.gov/pubmed/35378680
http://doi.org/10.1053/j.gastro.2016.08.056
http://www.ncbi.nlm.nih.gov/pubmed/27639800
http://doi.org/10.1038/s41395-018-0027-6
http://www.ncbi.nlm.nih.gov/pubmed/29695826
http://doi.org/10.1055/s-2004-826151
http://www.ncbi.nlm.nih.gov/pubmed/15692934
http://doi.org/10.1155/2018/8216109
http://doi.org/10.1002/jhbp.43
http://doi.org/10.1016/j.gie.2011.07.054
http://doi.org/10.4103/eus.eus_2_18
http://doi.org/10.1111/den.13333
http://doi.org/10.1007/s10620-019-05495-9
http://doi.org/10.1111/den.12048
http://www.ncbi.nlm.nih.gov/pubmed/23490022
http://doi.org/10.1016/j.gie.2015.07.015
http://www.ncbi.nlm.nih.gov/pubmed/26324387
http://doi.org/10.1111/jgh.14897
http://www.ncbi.nlm.nih.gov/pubmed/31677201
http://doi.org/10.1055/a-1005-6573
http://www.ncbi.nlm.nih.gov/pubmed/32010754


J. Clin. Med. 2023, 12, 1626 14 of 14

35. Suzuki, A.; Ishii, S.; Fujisawa, T.; Saito, H.; Takasaki, Y.; Takahashi, S.; Yamagata, W.; Ochiai, K.; Tomishima, K.; Isayama, H. Efficacy
and Safety of Peroral Pancreatoscopy Through the Fistula Created by Endoscopic Ultrasound-Guided Pancreaticogastrostomy.
Pancreas 2022, 51, 228–233. [CrossRef]

36. Will, U.; Fueldner, F.; Thieme, A.K.; Goldmann, B.; Gerlach, R.; Wanzar, I.; Meyer, F. Transgastric pancreatography and EUS-guided
drainage of the pancreatic duct. J. Hepatobiliary Pancreat. Surg. 2007, 14, 377–382. [CrossRef]

37. Tessier, G.; Bories, E.; Arvanitakis, M.; Hittelet, A.; Pesenti, C.; Le Moine, O.; Giovannini, M.; Deviere, J. EUS-guided pancreato-
gastrostomy and pancreatobulbostomy for the treatment of pain in patients with pancreatic ductal dilatation inaccessible for
transpapillary endoscopic therapy. Gastrointest. Endosc. 2007, 65, 233–241. [CrossRef]

38. Barkay, O.; Sherman, S.; McHenry, L.; Yoo, B.M.; Fogel, E.L.; Watkins, J.L.; DeWitt, J.; Al-Haddad, M.A.; Lehman, G.A. Therapeutic
EUS-assisted endoscopic retrograde pancreatography after failed pancreatic duct cannulation at ERCP. Gastrointest. Endosc. 2010,
71, 1166–1173. [CrossRef]

39. Ergun, M.; Aouattah, T.; Gillain, C.; Gigot, J.F.; Hubert, C.; Deprez, P.H. Endoscopic ultrasound-guided transluminal drainage of
pancreatic duct obstruction: Long-term outcome. Endoscopy 2011, 43, 518–525. [CrossRef]

40. Shah, J.N.; Marson, F.; Weilert, F.; Bhat, Y.M.; Nguyen-Tang, T.; Shaw, R.E.; Binmoeller, K.F. Single-operator, single-session
EUS-guided anterograde cholangiopancreatography in failed ERCP or inaccessible papilla. Gastrointest. Endosc. 2012, 75, 56–64.
[CrossRef]

41. Will, U.; Reichel, A.; Fueldner, F.; Meyer, F. Endoscopic ultrasonography-guided drainage for patients with symptomatic
obstruction and enlargement of the pancreatic duct. World J. Gastroenterol. 2015, 21, 13140–13151. [CrossRef]

42. Chen, Y.I.; Levy, M.J.; Moreels, T.G.; Hajijeva, G.; Will, U.; Artifon, E.L.; Hara, K.; Kitano, M.; Topazian, M.; Abu Dayyeh, B.;
et al. An international multicenter study comparing EUS-guided pancreatic duct drainage with enteroscopy-assisted endoscopic
retrograde pancreatography after Whipple surgery. Gastrointest. Endosc. 2017, 85, 170–177. [CrossRef] [PubMed]

43. Téllez-Aviña, F.I.; Casasola-Sánchez, L.E.; Ramírez-Luna, M.; Saúl, Á.; Murcio-Pérez, E.; Chan, C.; Uscanga, L.; Duarte-Medrano,
G.; Valdovinos-Andraca, F. Permanent Indwelling Transmural Stents for Endoscopic Treatment of Patients with Disconnected
Pancreatic Duct Syndrome: Long-term Results. J. Clin. Gastroenterol. 2018, 52, 85–90. [CrossRef] [PubMed]

44. Matsunami, Y.; Itoi, T.; Sofuni, A.; Tsuchiya, T.; Kamada, K.; Tanaka, R.; Tonozuka, R.; Honjo, M.; Mukai, S.; Fujita, M.; et al.
Evaluation of a new stent for EUS-guided pancreatic duct drainage: Long-term follow-up outcome. Endosc. Int. Open 2018, 6,
E505–E512. [CrossRef] [PubMed]

45. Sakai, T.; Koshita, S.; Kanno, Y.; Ogawa, T.; Kusunose, H.; Yonamine, K.; Miyamoto, K.; Kozakai, F.; Okano, H.; Ohira, T.; et al.
Early and long-term clinical outcomes of endoscopic interventions for benign pancreatic duct stricture/obstruction-the possibility
of additional clinical effects of endoscopic ultrasonography-guided pancreatic drainage. Pancreatology 2022, 22, 58–66. [CrossRef]
[PubMed]

46. Onodera, M.; Kawakami, H.; Kuwatani, M.; Kudo, T.; Haba, S.; Abe, Y.; Kawahata, S.; Eto, K.; Nasu, Y.; Tanaka, E.; et al.
Endoscopic ultrasound-guided transmural drainage for pancreatic fistula or pancreatic duct dilation after pancreatic surgery.
Surg. Endosc. 2012, 26, 1710–1717. [CrossRef]

47. Kogure, H.; Sato, T.; Nakai, Y.; Ishigaki, K.; Hakuta, R.; Saito, K.; Saito, T.; Takahara, N.; Hamada, T.; Mizuno, S.; et al.
Endoscopic management of pancreatic diseases in patients with surgically altered anatomy: Clinical outcomes of combination of
double-balloon endoscopy- and endoscopic ultrasound-guided interventions. Dig. Endosc. 2021, 33, 441–450. [CrossRef]

48. Bhurwal, A.; Tawadros, A.; Mutneja, H.; Gjeorgjievski, M.; Shah, I.; Bansal, V.; Patel, A.; Sarkar, A.; Bartel, M.; Brahmbhatt, B. EUS
guided pancreatic duct decompression in surgically altered anatomy or failed ERCP—A systematic review, meta-analysis and
meta-regression. Pancreatology 2021, 21, 990–1000. [CrossRef]

49. Basiliya, K.; Veldhuijzen, G.; Gerges, C.; Maubach, J.; Will, U.; Elmunzer, B.J.; Stommel, M.W.J.; Akkermans, R.; Siersema, P.D.;
van Geenen, E.M. Endoscopic retrograde pancreatography-guided versus endoscopic ultrasound-guided technique for pancreatic
duct cannulation in patients with pancreaticojejunostomy stenosis: A systematic literature review. Endoscopy 2021, 53, 266–276.
[CrossRef]

50. Tyberg, A.; Bodiwala, V.; Kedia, P.; Tarnasky, P.R.; Khan, M.A.; Novikov, A.; Gaidhane, M.; Ardengh, J.C.; Kahaleh, M. EUS-guided
pancreatic drainage: A steep learning curve. Endosc. Ultrasound. 2020, 9, 175–179. [CrossRef]

51. van der Merwe, S.W.; van Wanrooij, R.L.J.; Bronswijk, M.; Everett, S.; Lakhtakia, S.; Rimbas, M.; Hucl, T.; Kunda, R.; Badaoui, A.;
Law, R.; et al. Therapeutic endoscopic ultrasound: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy
2022, 54, 185–205. [CrossRef] [PubMed]

52. Teoh, A.Y.B.; Dhir, V.; Kida, M.; Yasuda, I.; Jin, Z.D.; Seo, D.W.; Almadi, M.; Ang, T.L.; Hara, K.; Hilmi, I.; et al. Consensus
guidelines on the optimal management in interventional EUS procedures: Results from the Asian EUS group RAND/UCLA
expert panel. Gut 2018, 67, 1209–1228. [CrossRef] [PubMed]

53. Yoo, H.W.; Moon, J.H.; Lee, Y.N.; Song, Y.H.; Yang, J.K.; Lee, T.H.; Cha, S.W.; Cho, Y.D.; Park, S.H. Peroral cholecystoscopy
using a multibending ultraslim endoscope through a lumen-apposing metal stent for endoscopic ultrasound-guided gallbladder
drainage: A feasibility study. Endoscopy 2022, 54, 384–388. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1097/MPA.0000000000002003
http://doi.org/10.1007/s00534-006-1139-8
http://doi.org/10.1016/j.gie.2006.06.029
http://doi.org/10.1016/j.gie.2009.10.048
http://doi.org/10.1055/s-0030-1256333
http://doi.org/10.1016/j.gie.2011.08.032
http://doi.org/10.3748/wjg.v21.i46.13140
http://doi.org/10.1016/j.gie.2016.07.031
http://www.ncbi.nlm.nih.gov/pubmed/27460390
http://doi.org/10.1097/MCG.0000000000000754
http://www.ncbi.nlm.nih.gov/pubmed/27824641
http://doi.org/10.1055/s-0044-101753
http://www.ncbi.nlm.nih.gov/pubmed/29713675
http://doi.org/10.1016/j.pan.2021.10.006
http://www.ncbi.nlm.nih.gov/pubmed/34742630
http://doi.org/10.1007/s00464-011-2097-z
http://doi.org/10.1111/den.13746
http://doi.org/10.1016/j.pan.2021.03.021
http://doi.org/10.1055/a-1200-0199
http://doi.org/10.4103/eus.eus_3_20
http://doi.org/10.1055/a-1717-1391
http://www.ncbi.nlm.nih.gov/pubmed/34937098
http://doi.org/10.1136/gutjnl-2017-314341
http://www.ncbi.nlm.nih.gov/pubmed/29463614
http://doi.org/10.1055/a-1518-7039
http://www.ncbi.nlm.nih.gov/pubmed/34229357

	Introduction 
	Indications for EUS- PDD 
	Contraindications for EUS- PDD 
	Technique of EUS- PDD 
	Patient Preparation 
	Approaches and Equipment 
	Pancreatic Duct Access 
	EUS- RV ERP 
	Transmural Approaches with Transpapillary or Trans-Anastomotic Stenting 
	Transmural Stenting with Antegrade/Retrograde Stenting 
	Per Oral Pancreaticoscopy 

	Outcomes 
	Long-Term Outcomes 
	Post-Operative Pancreatic Fistula 
	Comparison between e-ERP vs. EUS- PDD 
	Comparison between EUS- RV and EUS- TMD 
	Overall Outcomes from Meta-Analyses and Systemic Reviews 

	EUS- PDD Training 
	Future Directions 
	Conclusions 
	References

