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Abstract

Background Endoscopic ultrasound-guided pancreatic duct (PD) drainage (EUS-PDD) is being increasingly performed as
an alternative method to surgical drainage to achieve PD decompression after failed endoscopic retrograde pancreatography
(ERP). However, no directly study has compared EUS-PDD with surgical PD drainage after failed ERP in patients with
chronic pancreatitis.

Methods Consecutive patients who underwent EUS-PDD or longitudinal pancreaticojejunostomy after failed ERP were
retrospectively identified from our endoscopy and medical information systems. The primary end point was the Izbicki pain
score. The secondary end points were pain relief at the end of follow-up, procedure outcomes, adverse events, readmission,
and reintervention.

Results A total of 21 patients (11 EUS-PDD, 10 surgical drainages) were analyzed. There were no significant differences in
mean Izbicki pain score (EUS-PDD, 13.6 + 10.1 vs. surgical drainage 10.7 +7.9, p=0.483) or complete/partial pain relief
(60%/30% vs. 70%/30%, p=0.752) at the end of follow-up of the two groups. The rates of overall adverse events (27.3% vs.
30.0%, p=0.893) and readmission (63.6% vs. 40.0%, p=0.290) were similar in the two treatment groups, while patients
in EUS-PDD group required more reinterventions (45.5% vs. 0%, p=0.039) compared with patients in the surgery group.
Conclusion EUS-PDD showed comparable pain relief and safety to surgical PD drainage after failed ERP, with a higher rate
of reintervention. The selection of EUS-PDD or surgical drainage may be appropriate based on an individualized strategy.
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For patients with a symptomatic dilated pancreatic duct (PD)
as a result of pancreatic stones and/or strictures, endoscopic
retrograde pancreatography (ERP) with transpapillary drain-
age is considered the mainstay drainage modality for achiev-
ing pancreatic decompression and relieving intractable pain
that is refractory to conservative management [1]. However,
in as many as 10% of patients, ERP may not be possible due
to a complete PD obstruction/disconnection or strictures [2].

Traditionally, surgery may be the last option to manage
pain after failed ERP [3]. Compared to endoscopic trans-
papillary drainage, surgical drainage of the PD appears to
be more effective in patients with obstruction of the PD
due to chronic pancreatitis (CP), with better pain relief,
fewer reintervention procedures, and similar complications
[4-6]. It is worth noting that the systematic review and
meta-analysis of endoscopy versus early surgery for the
management of CP included not only drainage procedures
such as lateral/longitudinal pancreaticojejunostomy (LPJ,
also known as the modified Puestow procedure or Par-
tington procedure) but also resectional procedures such as
pancreatoduodenectomy, distal pancreatectomy, Beger and
Frey procedures [6]. As the standard drainage procedure
for CP, LPJ may be a fairer comparison to simple endo-
scopic drainage methods [7].

On the other hand, since it has been first reported approxi-
mately two decades ago [8, 9], endoscopic ultrasound-guided
PD drainage (EUS-PDD) has been shown to be a minimally
invasive, effective, and safe alternative to surgical PD drain-
age, and is recommended in patients with PD obstruction as
a rescue procedure after failed ERP or in patients with sur-
gically altered anatomy or duodenal stenosis where ERP is
not possible [10, 11]. Two meta-analyses have demonstrated
the efficacy and safety of EUS-PDD, with a pooled rate of
technical success and overall adverse events (AEs) being
81.4-84.8% and 18.1-21.3%, respectively [12, 13].

However, there are currently no directly comparative
studies of EUS-PDD versus surgical drainage for CP patients
after failed ERP. The aim of this single-center, retrospective
study was to compare the efficacy and safety of EUS-PDD
with LPJ standard drainage procedure.

Methods
Study design and population

An approval from the institutional review board was
obtained to conduct this retrospective observational cohort
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study, and written informed consents for the procedures
were obtained from all patients. This study was reported
according the ‘Strengthening the Reporting of Observational
studies in Epidemiology’ (STROBE) guidelines. It was con-
ducted in accordance with the principles of the Declaration
of Helsinki.

Between June 2019 and March 2023, patients with a
symptomatic dilated PD who underwent EUS-PDD or sur-
gical LPJ in our hospital were identified from our endoscopy
and medical information system. All patients’ pancreatic
conditions were assessed and confirmed by computerized
tomography (CT) scan and/or magnetic resonance cholan-
giopancreatography (MRCP) before executing the selected
procedure. The inclusion criteria consisted of adult patients
(age > 18 years) who had undergone EUS-PDD or LPJ for
intractable pain associated with CP, and had a history of
unsuccessful ERP. The exclusion criteria were (1) patients
who underwent EUS-PDD due to other indications (e.g.,
posttraumatic PD leak/fistula, postoperative anastomotic
strictures); (2) patients who underwent resectional proce-
dures due to other indications (e.g., an enlarged pancreatic
head); and (3) patients with incomplete medical records to
obtain sufficient data.

Procedural techniques

EUS-PDD was performed by experienced therapeutic
endoscopists with the patient under conscious sedation in
our center. Antibiotic prophylaxis was administered before
the procedure. A therapeutic linear echoendoscope was
inserted and the transgastric approach was used as the pre-
ferred approach. After successful PD puncture with a 19G
needle, a pancreatogram was obtained and a 0.035 in. or
0.025 in. guidewire inserted. The decision to dilate the stric-
ture and the selection of approach to achieve PD drainage
(rendezvous technique, pancreaticogastrostomy, and ante-
grade drainage) [2, 10] were made according to the judgment
of the endoscopist. The technical details and illustrations of
the EUS-guided rendezvous technique or transmural stent-
ing can be found in Fig. le and f of the European Society
of Gastrointestinal Endoscopy technology review on thera-
peutic EUS [14].

LPJ was carried out by modified Puestow procedure for
retrograde drainage of the PD [7, 15, 16]. In brief, the pro-
cedure included the exposure of the pancreas and PD loca-
tion, opening the main PD, Roux-en-Y limb preparation, and
pancreaticojejunostomy [16].

Clinical outcomes and study variables
The primary end point of this study was the Izbicki pain

score, which is a validated pain score specifically designed
for CP, including two subjective items [frequency of pain
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attacks and visual analogue scale (VAS)] and two objec-
tive items (use of analgesic medication and time of disease-
related inability to work) [17]. The scale ranges from O to
100 points, where a higher score indicates more severe pain.
The preoperative pain score was obtained at the time of
admission, while the postoperative pain score was achieved
during 6-12 months after discharge through outpatient ser-
vice or telephone follow-up.

The secondary end points were pain relief (complete
relief was defined as Izbicki pain score < 10 points; partial
relief was defined as Izbicki pain score > 10 points after a
more than 50% decrease compared with the baseline scores),
AEs of interventions, length of single hospital stay, single
medical costs, readmission and reintervention. The defini-
tions of AEs and the severity of the grading system were
according to the Cotton’s criteria for endoscopic AEs in the
EUS-PDD arm [18] and the Clavien—-Dindo classification
for surgical complications in the LPJ arm [19], respectively.
The decision to remove or exchange stents was based on
the presence of discomfort symptoms and evidence of stent
displacement or dysfunction during follow-up examinations.

Data specific to EUS-PDD included diameter of the
main PD, technical success, drainage approach (rendez-
vous vs. transmural stenting), and the size and length of
the stent inserted. Data specific to LPJ included the inci-
sion length of PD, operative time, intraoperative blood
loss, and other simultaneous surgical procedures (e.g.,
choledocholithotomy).

Statistical analysis

Continuous variables were reported as mean + standard devi-
ation or median (range), and compared by using Student’s ¢
test or the Mann—Whitney U test. Categorical variables were
presented as frequencies and proportions, and compared by
using y° testing or Fisher exact test where appropriate. A
level of p <0.05 was considered statistically significant. All
the statistical analyses were conducted using SPSS Statistics
software version 21.0 (IBM Corp., NY, USA).

Results
Patient characteristics

A total of 21 CP patients who received EUS-PDD or sur-
gical LPJ drainage were enrolled in this study, including
11 patients who underwent EUS-PDD and 10 patients who
underwent surgical LPJ drainage. Characteristics and out-
comes of patients who underwent EUS-PDD or LPJ are sum-
marized in Tables 1 and 2, respectively. The baseline patient
characteristics in the two groups were similar (Table 3).
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Table 2 Characteristics and outcomes of patients who underwent LPJ
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Reintervention

Readmission

Pain relief

Adverse events

Incision length of Technical

Gender (M/F) BMI Duration of symp-
toms (years) PD (cm)

Age (years)

Case no

success

No

Yes

Infection (Grade II) Complete
No

Yes

23.9

55
57
62
24

No

No

Complete

Yes

21.4

No

No

Complete

Infection (Grade II)

No

Yes

NA

10

25.8

No

Yes

Partial

Yes

24.8

No

No

Complete

No

Yes

0.2

26.1

36
56
28

No

No

Complete

No

Yes

24.2

No

Yes

Complete

No

Yes

16.9

No

No

Complete

No

Yes

26.0

26
54
52

No

Yes

Partial

No

Yes

10

12

18.2

No

No

Partial

Bleeding (Grade II)

Yes

27.2

10

LPJ longitudinal pancreaticojejunostomy, BMI body mass index, PD pancreatic duct, NA not available

EUS-PDD and surgical drainage

Technical outcomes are summarized in Table 4. In the EUS-
PDD group, 11 patients underwent 13 sessions of EUS-
PDD, of which 1 patient underwent EUS-PDD again after
stent migration, and 1 patient underwent stent replacement.
The mean diameter of the dilated PD was 0.8 +0.5 cm, with
a total technical success rate of 84.6% (11/13, 81.8% per
patient [9/11]). In two patients, the guidewire/stent could not
be inserted through the duodenal papilla due to PD obstruc-
tion or stricture; one patient underwent follow-up with diet
adjustment and conservative medication treatment, and the
remaining one subsequently underwent two sessions of
extracorporeal shock wave lithotripsy (ESWL) and two ses-
sions of failed ERP during the follow-up period. The plastic
stent was placed by a rendezvous procedure in 6 patients,
and transmural drainage in the others (including one case
with nasopancreatic drainage tube). The nasopancreatic
drainage tube was cut under endoscopy at the patient's dis-
charge and used as an internal drainage stent. The median
length of the stent is 7 (7-9) cm, and the median diameter
of the stent is 7 (7-8.5) Fr.

All surgical LPJ procedures were successful. The mean
incision length of PD was 5.2+2.3 cm, and the median
intraoperative blood loss was 100 (10-200) ml. One patient
concurrently underwent choledocholithotomy with T-tube
drainage, and three patients underwent pancreatic biopsy.

Adverse events

The overall incidence of AEs per patient in EUS-PDD
group was 27.3% (3/11), and 30% (3/10) in the surgical
group (p=0.893). There was no significant difference in the
occurrence of postoperative pancreatitis (p =0.340), bleed-
ing (p =0.294), and infection (p =0.128) between groups
(Table 4).

Three patients in the EUS-PDD group experienced AEs.
The first patient developed postinterventional pancreatitis
(9.1%). This case had the hydrophilic end of the guidewire
cut off by the tip of the puncture needle during the proce-
dure; the retained remnant remained and subsequently led
to acute pancreatitis (moderate). The second case experi-
enced postoperative abdominal pain, with CT scan showing
multiple free gases in the abdominal cavity that suggests a
possible gastrointestinal perforation, which is cured after a
week of conservative treatment (moderate). The last patient
developed duodenal ulcer due to the irritation of the end of
the stent 2 months after the stent implantation (mild). There
were no AEs such as bleeding, pancreatic fistula, and death.

In the surgical group, one patient had gastrointestinal
bleeding, and two had infections. All three cases were
Grade II complications. This bleeding patient experienced
postoperative abdominal pain and had a red stool, who
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Table 3 I.Ba.seline patient Variable EUS-PDD (n=11) Surgical drainage  p-value
characteristics (n=10)
Age (mean + SD, years) 397114 45.0+14.7 0.369
Gender (Male/Female) 7/4 8/2 0.418
Duration of symptoms (mean + SD, years) 4.7+4.0 4.6+4.0 0.952
Body mass index (mean +SD) 21.7+4.6 235435 0.333
History of biliary and pancreatic surgery 3 1 0.326
Cholecystectomy 3 4 0.546
Extracorporeal shock wave lithotripsy 5 1 0.080
Diabetes mellitus 1 3 0.234
Alcohol consumption 3 2 0.703
Smoker 1 4 0.105
Painkiller use 7 3 0.081
Reasons for failed ERP 0.945
Failure of deep PD cannulation 11 9
Inaccessibility to the papilla / 1

Table 4 Technical outcomes

EUS-PDD endoscopic ultrasound-guided pancreatic duct drainage, SD standard deviation, ERP endoscopic

retrograde pancreatography, PD pancreatic duct

Variable EUS-PDD (n=11) Surgical drainage (n=10) p-value
Technical success per patient 81.8% (9/11) 100% (10/10) 0.167
Diameter of pancreatic duct (mean + SD, cm) 0.8+0.5 -

Incision length of pancreatic duct (mean +SD, cm) - 52423

Preoperative VAS score 7.1+19 7.8+1.3 0.343

Postoperative VAS score 24+2.3% 2.1+0.9° 0.706

Preoperative Izbicki pain score 522+12.6 45.0+9.6 0.170

Postoperative Izbicki pain score 13.6+10.1* 10.7+7.9* 0.483

Pain relief 0.752
Complete 60% (6/10) 70% (7/10)

Partial 30% (3/10) 30% (3/10)

Total adverse events per patient 27.3% (3/11) 30% (3/10) 0.893
Acute pancreatitis 1 (Moderate) 0 0.340
Bleeding 0 1 (Grade II) 0.294
Infection 0 2 (Grade II) 0.128

Single hospital stay (median, range, days) 10 (4-19) 12 (10-24) 0.062

Single medical costs (mean +SD, USD) 5487.7+1734.4 6901.7 +3008.3 0.237

Readmission 63.6% (7/11) 40% (4/10) 0.290

Reintervention 45.5% (5/11) 0% (0/10) 0.039

EUS-PDD endoscopic ultrasound-guided pancreatic duct drainage, SD standard deviation, VAS visual analogue scale

“The postoperative pain scores of the two groups were significantly lower than the corresponding preoperative pain scores, respectively, all

p<0.001

was considered to have bleeding at the anastomotic site
and improved through blood transfusion and conserva-
tive drug treatment. One of the two infections developed
respiratory alkalosis with fever after surgery, and asper-
gillus was detected in the drainage tube and treated with

antibiotics. The remaining patient with abdominal pain
was found to have fecal enterococci in the drainage fluid.
There were no incidents of acute pancreatitis, pancreatic
fistula, anastomotic leakage, or death in these surgical
patients.
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Hospital stay and costs

The median length of single hospital stay was 10 (4-19) days
in the EUS-PDD group, and 12 (10-24) days in the surgical
group (p=0.062). Mean single medical costs were similar
between the EUS-PDD group (5487.7 +1734.4 USD) and
the surgical group (6901.7 +3008.3 USD, p=0.237).

Pain relief

During the 6- to 12-month follow-up period, there was one
patient lost to follow-up in the EUS-PDD group, while zero
in the surgical group. Pairwise comparisons showed signifi-
cant differences of pain relief before and after endoscopic
and surgical interventions, respectively (p all <0.001). In
the EUS-PDD group, pain scores were obtained in 10 of 11
patients. The usage rate of painkillers before intervention
was 70.0% (7/10). The mean preoperative VAS score was
7.1+ 1.9 points, while the mean VAS score at the end of
follow-up was 2.4 +2.3 points (p <0.001). The mean pre-
operative Izbicki pain score was 52.2 + 12.6 points, while
the mean Izbicki pain score at the end of follow-up was
13.6+10.1 points (p <0.001).

In the surgical group, all the 10 patients with painful
symptoms received pain scores, with a usage rate of painkill-
ers before intervention being 30% (3/10). The mean preop-
erative VAS score was 7.8 + 1.3 points, while the mean post-
operative VAS score was 2.1 +0.9 points (p <0.001); The
mean preoperative Izbicki pain score was 45.0 + 9.6 points,
while the postoperative Izbicki pain score was 10.7 +7.9
points (p <0.001).

The pain scores with regard to preoperative VAS score
(p=0.343), preoperative Izbicki pain score (p =0.170),
VAS score (p=0.706), and Izbicki pain score (p=0.483) at
the end of follow-up were similar between the two groups,
respectively. At the end of follow-up, complete and partial
pain relief was achieved in 60% (6/10) and 30% (3/10) of
patients in the EUS-PDD group, and in 70% (7/10) and 30%
(3/10) of patients in the surgical group, respectively, which
were not significant (p =0.752).

In the EUS-PDD group, the remaining symptomatic
patient suspected of having pancreatic divisum underwent
two sessions of ERP transpapillary PD cleaning and stent
replacement, as well as one time of EUS-guided fine-needle
biopsy for pancreatic head mass. After no clear malignant
lesions were detected, surgical pancreatectomy was ulti-
mately performed.

Readmission and reintervention
The overall readmission rate was 63.6% (7/11) in the EUS-

PDD group, and 40% (4/10) in the surgical group, which was
comparable (p =0.290). The EUS-PDD group also included
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two patients with concurrent common bile duct stones who
underwent ERCP stone removal and biliary stent placement.
In the surgical group, the four patients were all re-hospi-
talized with acute exacerbations of CP and improved after
conservative treatment.

The reintervention rate was 45.5% (5/11) in the EUS-
PDD group, and 0% (0/10) in the surgical group, which
was significant (p =0.039). In addition to the two patients
mentioned above who underwent EUS-PDD again, and two
cases of technical failure, the remaining seven technically
successful patients underwent re-examination with the stent
in place or without any discomfort symptoms, so no further
intervention specifically targeting EUS-PDD stent was given
and regular follow-up was continued. Other main reinterven-
tion reason for the EUS-PDD group was to try transforming
EUS-PDD to transpapillary drainage, including two cases
of ERP failed with deep PD cannulation (both the 2 patients
also underwent ESWL). The remaining patient suspected of
pancreatic divisum with painful symptoms, combined with
pancreatic head mass and severe anxiety, ultimately chose
surgical pancreatectomy. During the follow-up period, there
was no reintervention treatment in the surgical group.

Discussion

To our knowledge, this pilot research is the first study to
directly compare EUS-guided with surgical LPJ for PD
drainage for CP patients after failed ERP. Our results
revealed that EUS-PDD is minimally invasive, effective, and
safe, with comparable pain relief and rate of overall AEs to
that of standard surgical drainage. However, EUS-PDD was
associated with higher rate of reintervention when compared
with standard surgical drainage.

The clinical outcomes of EUS-PDD in the present study
demonstrated high technical success rate of 84.6% (81.8%
per patient) and acceptable rate of overall AEs of 27.3%,
which are comparable to previous studies [12, 13]. EUS-
PDD is technically challenging with a steep learning curve
[20] and is often performed by experienced senior EUS
endoscopists in our center, one of the top advanced endos-
copy centers both domestically in China and internationally,
to ensure its success rate and safety. By adding EUS-PDD
to ERP, the success rate of endoscopic PD drainage will
be improved, as some studies reporting that the technical
success rate for endoscopic interventions for refractory PD
strictures/obstructions was >90% [21, 22].

In our study, 27.3% (3/11) of patients in the EUS-PDD
group had a history of biliary and pancreatic surgery, which
increased the difficulty of the procedure and also the risk of
AEs. Furthermore, the majority of patients with PD stones
did not achieve complete stone removal, and those with
incomplete resolution of PD stricture experienced a higher
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likelihood of requiring later reinterventions compared to
surgical drainage (p =0.039), highlighting a limitation of
current endoscopic treatment. Fortunately, a recent study
reported that peroral pancreatoscopy through the mature fis-
tula created by EUS-guided pancreaticogastrostomy to diag-
nose and treat PD stricture/pancreato-jejunal anastomotic
stricture achieved promising results [23]. The combination
of laser, electrohydraulic lithotripsy, or other methods will
further enhance the effectiveness of EUS-PDD-mediated
treatment techniques in the near future.

We found EUS-PDD was comparable to surgical drainage
with regard to pain relief (p=0.752), AEs (p=0.893), and
single hospital stay (p=0.062), with a higher rate of rein-
tervention (p =0.039), which were partly inconsistent with
previous studies comparing endoscopic treatment with surgi-
cal procedures [4—6]. Previous studies suggested that surgi-
cal drainage of the PD was more effective in terms of pain
scores than endoscopic treatment in patients with obstruc-
tion of the PD due to CP, with similar rates of complications,
length of hospital stay, and changes in pancreatic function,
but lower number of reinterventions [4—6]. The reasons for
the differences may be as follows: (1) the pain score has a
character of subjectivity, and there may be recall bias; (2)
surgical procedures included not only drainage procedures
such as LPJ but also resectional procedures such as pancrea-
toduodenectomy, distal pancreatectomy, Beger and Frey pro-
cedures [5, 6]; and LPJ as a comparison group for endoscopy
in our study is more reasonable [7]; (3) endoscopic interven-
tions performed in the endoscopy group in previous studies
were pancreatic sphincterotomy, PD stenting, stone extrac-
tion, and ESWL, while EUS-PDD has not been compared
with surgical drainage in the past [6]. Besides, patients in
our surgical drainage group perhaps had mild and short-term
pain symptoms, which may manifest as lower proportion of
painkillers used (30% vs. 70%, p=0.081), and patients with
severe conditions in previous studies may choose further
surgical methods for definitive treatment.

As a minimally invasive endoscopic technique, EUS-PDD
has achieved promising clinical results [12, 13, 21], as also
confirmed by this study. Further improvement in technical
and clinical success rates, as well as safety, such as more
reasonable patient selection, technological advancements,
and an increase in endoscopists training experience, would
further enhance the role of EUS-PDD in the treatment of
PD-related diseases.

Our preliminary comparative study has a few limitations.
First, this study was single-center retrospective design with
small sample size and inevitable case selection bias, despite
all cases being from one of the top endoscopy centers in a
tertiary general hospital. Second, due to the incompleteness
of relevant data, we were unable to evaluate changes in the
diameter of PD, long-term stent-related AEs, and pancreatic
endocrine and exocrine functions, which are important for

the efficacy evaluation and would weaken the advantages
of the results of the present study. Subsequent prospec-
tive study designs can incorporate these indicators. Third,
although the single hospital costs and overall readmission
rates of the two groups were comparable, the reintervention
rate of the endoscopic group was significantly higher. Due to
lack of the data availability, we were unable to compare the
total medical expenses, which may underestimate the costs
and total length of hospital stay of the endoscopic group.
Therefore, further large, randomized, prospective compara-
tive studies are needed to confirm our results.

Conclusion

Our study firstly showed that EUS-PDD had comparable
efficacy in pain relief and safety to standard surgical PD
drainage after failed ERP, with a higher rate of reinterven-
tion. The selection of EUS-PDD or surgical drainage may be
more appropriate based on a personalized strategy including
patient condition, physician expertise, and their individual
preferences. Further larger prospective studies are warranted
to confirm the results and the individualized strategy.
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