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Abstract

Background Abdominal pain is a debilitating symptom affecting ~80% of pancreatic cancer (PC) patients. Pancreatic duct (PD)
decompression has been reported to alleviate this pain, although this practice has not been widely adopted. We aimed to eval-
uate the role, efficacy, and safety of endoscopic PD decompression for palliation of PC post-prandial obstructive-type pain.
Methods A systematic review until 7 October 2020 was performed. Two independent reviewers selected studies, extracted
data, and assessed the methodological quality.

Results We identified 12 publications with a total of 192 patients with PC presenting with abdominal pain, in whom PD de-
compression was attempted, and was successful in 167 patients (mean age 62.5 years, 58.7% males). The use of plastic stents
was reported in 159 patients (95.2%). All included studies reported partial or complete improvement in pain levels after PD
stenting, with an improvement rate of 93% (95% confidence interval, 79%-100%). The mean duration of pain improvement
was 94 *+ 16 days. Endoscopic retrograde cholangiopancreatography (ERCP)-related adverse events (AEs) were post-
sphincterotomy bleeding (1.8%), post-ERCP pancreatitis (0.6%), and hemosuccus pancreaticus (0.6%). AEs were not reported

in two patients who underwent endoscopic ultrasound-guided PD decompression. In the 167 patients with technical suc-
cess, the stent-migration and stent-occlusion rates were 3.6% and 3.0%, respectively. No AE-related mortality was reported.
The methodological quality assessment showed the majority of the studies having low or unclear quality.
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Conclusion In this exploratory analysis, endoscopic PD drainage may be an effective and safe option in selected patients for
the management of obstructive-type PC pain. However, a randomized-controlled trial is needed to delineate the role of this

invasive practice.

Key words: cancer-associated pain; Endoscopic retrograde cholangiopancreatography; palliative therapy; pancreas cancer;

systematic review; meta-analysis

Introduction

Pancreatic cancer (PC) is the fourth leading cause of cancer-
related death in the USA [1]. Fewer than 20% of patients are con-
sidered surgical candidates, while the majority are often treated
with palliative interventions [2, 3].

Although PC is commonly asymptomatic in the early stages
despite upstream biliary and/or pancreatic ductal dilatation [4-
6], abdominal pain is considered among the most debilitating
symptoms, afflicting ~80% of PC patients, with approximately
half of them requiring substantial opioid analgesia [7]. Pain
affects the patient’s quality of life and influences performance
status [8]. However, concerns have been raised regarding the
frequent use of opioids in this context due to potentially short-
ened survival [9]. This decrease in survival has also been shown
when other techniques were implemented for pain control,
such as celiac plexus neurolysis (CPN) [10]. Moreover, CPN may
not be more effective than modern opioid therapy in managing
these symptoms [11].

The two principal mechanisms of PC abdominal pain are
ductal hypertension secondary to obstruction and neuropathy
secondary to neoplastic infiltration of regional nerves [3]. These
mechanisms may result in distinctive pain patterns: neuro-
pathic pain may be constant, while ductal obstruction may re-
sult in pain that worsens after meals.

Given the importance of palliation in PC patients and safety
concerns for traditional pain control techniques, endoscopic
pancreatic duct (PD) hypertension alleviation, via stenting, was
hypothesized to benefit a subgroup of patients with obstructive-
type post-prandial pain [12, 13]. Although relief of ductal ob-
struction is an effective treatment for select patients with pain-
ful chronic pancreatitis, the role of this technique remains
unclear in cancer pain and thus has not been widely adopted
[14, 15]. In this systematic synthesis of evidence, we aimed to
evaluate the efficacy and safety of endoscopic PD decompres-
sion in patients with obstructive-type PC pain and whether cur-
rent pain palliation options should be broadened to include PD
stenting in a defined subgroup of patients.

Materials and methods

This systematic review was reported following the ‘preferred
reporting items for systematic reviews and meta-analyses’
(PRISMA) with an a priori protocol [16].

Data sources and search strategies

A medical reference librarian conducted an extensive search of
multiple databases without any language restriction from the
inception of the database to 7 October 2020. The data sources
and search strategies are provided in Supplementary File 1.

Inclusion criteria

The inclusion criteria consisted of randomized-controlled
trials (RCTs), experimental studies, and non-randomized

observational clinical studies, including case reports and case
series that reported the use of endoscopic retrograde cholangio-
pancreatography (ERCP) or endoscopic ultrasound (EUS) in PD
decompression to alleviate PC-associated abdominal pain. This
type of pain is defined as upper abdominal pain in the setting of
main PD obstruction with or without documentation of post-
prandial exacerbation of pain. In the case of multiple publica-
tions emanating from the same center at different periods, we
elected to include the most recent report to avoid duplication of
patients.

While obstructive-type abdominal pain is mainly post-
prandial in nature, this characteristic was rarely specified.
Accordingly, a general definition of PC-associated pain was
adopted to capture all relevant studies, which underwent a rig-
orous appraisal and methodological quality assessment.

Exclusion criteria

We excluded duplicated studies, reviews, animal/in vitro stud-
ies, non-endoscopic PD decompression, and those with insuffi-
cient clinical data. Patients who met the American College of
Gastroenterology criteria for acute pancreatitis were excluded
[17].

Data extraction

Two independent reviewers (P.S. and F.H.) selected the studies
and extracted the relevant data onto a standardized form. Data
included the year of publication, country of origin, publication
language, publication format (full-text article, letter to the edi-
tors, abstract form), type of study (RCT, experimental study,
case report, case series, prospective observational study), num-
ber of patients, mean age, sex, tumor location, baseline symp-
toms, radiological findings before the intervention (ductal
dilation, strictures), pain characteristics, clinical reasoning (ge-
stalt) to patient selection, type of intervention (ERCP or EUS-
based), technical success, type of stent if placed (plastic, metal),
length of the stent, adverse events (AEs), symptom improve-
ment (subjective improvement of pain, improvement of pain
via standardized scales), mean rate and duration of pain im-
provement post intervention, and follow-up period.

Main outcomes

Given that pain is always a subjective phenomenon [18], regard-
less of quantifying scales, the primary outcome was any pain
improvement post intervention. Secondary outcomes included
‘time to improvement’ of pain after the procedure, the mean du-
ration of pain improvement after each pancreatic intervention,
and pain improvement via standardized scales.

Assessment of methodological quality of included
studies

The same two reviewers assessed the methodological quality of
included studies with discussion and adjudication by the
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corresponding author in case of disagreement. We used the
methodological quality and synthesis of case series and case
reports tool reported previously [19-25]. Accordingly, each study
is evaluated based on four domains: the selection of study
groups, ascertainment, causality, and reporting (Supplementary
Table 1).

Statistical analysis

When the included series provided information sufficient to
produce a rate of pain improvement (i.e. a numerator of
patients with improved pain and an explicit denominator), we
estimated an event rate from each study. Studies contributing
fewer than four patients were not included in the meta-analysis
because an event rate cannot be calculated. The Freeman-
Tukey double arcsine transformation was used to stabilize the
variance and produce 95% confidence intervals (CIs) with sensi-
tivity analyses using the logit transformation [26]. We pooled
event rates across studies using the random-effects model [27].
For the continuous outcome of the duration of pain improve-
ment, we extracted the mean duration from series in which
patients had technical success along with the standard devia-
tion. Missing standard deviations were imputed from the mean
of reported deviations. We pooled the mean duration across
studies using the random-effects model. Heterogeneity was
assessed using the I-squared statistic and Cochrane Q test.
Given the non-comparative design of the majority of the in-
cluded studies and the heterogeneity between studies, publica-
tion bias was not evaluated using funnel-plot-based statistical
tests [28]. P < 0.05 was considered significant. Statistical analysis
was done using Stata 16 software (StataCorp. 2019. Stata
Statistical Software: Release 16. College Station, TX, USA:
StataCorp LLC). The remaining outcomes were reported
narratively.

Results

Study characteristics

Figure 1 shows the systematic-review flow. We identified 12
publications from five countries between 1989 and 2019 [3, 29—
39]. One study was in Chinese and subsequently translated
into English by a native speaker [29]. Three publications were
in abstract form [30-32] and the remaining were full-text
articles [3, 29, 33-39]. There were 3 case reports with a total of
4 patients [31, 33, 36], three retrospective case series reporting
a total of 54 patients [3, 32, 35], and the remainder were pro-
spective studies adding 134 patients [29, 30, 34, 37-39], thus
totaling 192 patients with PC-associated abdominal pain. No
RCTs were identified.

Patient characteristics

We identified a total of 192 eligible patients (190 underwent
ERCP and 2 underwent EUS), in whom PD stenting was success-
ful in 167 (87.0%). Patients with PD stenting had a mean age of
62.5years and 98 patients were males (58.7%) (Table 1).

Clinical presentation

Clinical decision-making in patient selection for PD drainage is
relayed in Supplementary Table 2. Post-prandial epigastric ab-
dominal pain was described in 76 patients [3, 38, 39]. Epigastric
and upper abdominal pain was mentioned in 46 patients [31, 33,
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36, 37]. The remaining 70 patients had abdominal pain not oth-
erwise specified [29, 30, 32, 34, 35]. Of the 12 studies, 11 (includ-
ing 172 patients) assessed the PD diameter upstream to the
malignant stricture, reporting ductal dilation in all patients
(Catalano et al. [30] did not report this finding). When the loca-
tion of malignancy was reported (56 patients), the most com-
mon location was the pancreatic head (45 patients) [3, 30, 33, 34,
36, 38, 39], followed by the body of the pancreas (9 patients) [30,
35] and the tail (2 patients) [30]. Tumor location was not
specified in the remaining 136 patients. Sixty patients were on
analgesic therapy prior to successful PD stent placement (3, 33,
38, 39].

Procedures and AEs

Among 192 patients, 190 underwent an ERCP-guided PD stent
placement attempt and 2 underwent EUS-guided decompres-
sion with PD stent placement (Table 2). Technical success was
achieved in 167 out of 192 patients (87.0%; 165 patients via
ERCP, 2 patients via EUS). The reasons for technical failure were
failed cannulation, unsuccessful opacification of the PD, inabil-
ity to negotiate the guide wire through the stricture, and inabil-
ity to dilate the stricture. Criteria for pancreatic sphincterotomy
performance were stated in one study, in which it was per-
formed if the insertion of a 10 French (Fr) stent was attempted
or if a 7 Fr stent was introduced without a prior biliary sphinc-
terotomy [39]. Pancreatic sphincterotomy was explicitly
reported in 40 patients [33, 35, 37] and stricture dilation in 154
patients [3, 29, 30, 37-39]. Pancreatic plastic stents were the
most commonly used stents and were reported in 159/167
patients with a median size of 7 Fr (range, 5-11.5Fr) and length
of 7 cm. Six patients (6/167) underwent placement of pancreatic
metal stents with a median diameter of 8 mm (range, 8-10 mm)
and length of 60mm [35, 36, 38]. The type of metal stents used
were Viabil stents (Gore, Utica, NY, USA) in two patients [35],
partially covered WallStents (Boston Scientific, Natick, MA) [38]
in two patients, an uncovered Endocoil (Medtronic Instent,
Minneapolis, MN, USA) in one patient [38], and a covered
Wallflex (Boston Scientific, Natick, MA) in one patient [36]. In 2/
167 patients, the type of pancreatic stent was not specified [31].
Concurrent biliary-stent placement was reported in 101/167
patients [29, 36-39]. A combination of EUS-guided CPN and EUS-
guided PD decompression with plastic stent placement was per-
formed in 2/167 patients [32].

Repeat endoscopic intervention was explicitly reported in
16/167 patients due to stent occlusion (5 patients), migration (5
patients), and concurrent biliary-stent obstruction with cholan-
gitis in the remaining 6 patients [29, 33, 39]. Harrison et al. [33]
and Wehrmann et al. [39] reported exacerbated abdominal pain
in two patients resulting from PD stent occlusion and migration,
respectively, which were subsequently resolved after stent ex-
change. ERCP-related AEs (165 patients with ERCP) included
post-ERCP pancreatitis (PEP) in 1/165 patients (0.6%) [37], post-
sphincterotomy bleeding in 3/165 patients (1.8%, [2 biliary, 1
pancreatic]) [3, 39], and hemosuccus pancreaticus in 1/165
patients (0.6%) [3]. Patients who underwent EUS-guided decom-
pression (two patients) were not reported to have any AEs.
When PD stenting was successful (167 patients), stent-related
AEs included stent migration in 6/167 patients (3.6%) [3, 29, 39]
and stent occlusion in 5/167 patients (3.0%) [29, 33]. The inci-
dence of procedure-related AEs was 8.8% (11/125 patients) in
prospective studies and 11.9% (5/42 patients) in retrospective
studies. No AE-related mortality was reported.
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Records identified (n =1,281)

Records after removal of the duplicates (» =1,063)

Records excluded (n =1,041)
Case series, case reports, abstracts and studies without any relation to the reviewed topic

Review articles and textbooks

Full-text articles, abstracts assessed for eligibility (n =22)

Full-text articles excluded (» = 10)
Duplicate studies-1
Review article-1
Irrelevant studies to the reviewed topic-3
Studies reporting acute pancreatitis/ductitis-3

Interventional-Radiology based intervention-2

Studies included in the systematic review (n =12)

Figure 1. Flow diagram showing the different phases of the systematic review

Pain response and follow-up duration

All included studies reported pain improvement, whether par-
tial or complete, upon technical success (Table 2). Five studies
(106 patients) prospectively applied symptom-scoring scales to
measure the improvement in pain levels post intervention (4
studies employed a 10-point scale [29, 32, 37, 39] and 1 study
employed a 4-point scale [34]). Of those, three studies utilized
the visual analog scale with a statistically significant reduction
in pain scores post intervention (P < 0.05) (Supplementary Table
3) [29, 37, 39]. In the meta-analysis, the pain improvement rate
based on subjective assessment (complete or partial) was de-
rived from 159 patients and was 93% (95% CI, 79%-100%) (Figure
2) [3, 29, 30, 34, 37-39]. The pain improvement rate in the 59
patients with post-prandial epigastric abdominal pain was
noted to be 93% (95% CI, 84%-99%) [3, 38, 39], whereas the

remaining 100 patients had a pain improvement rate of 91%
(95% CI, 64%-100%) [29, 30, 34, 37]. The time to improvement of
symptoms was reported in three studies (seven patients) with a
mean of 44+7h [33, 34, 36]. Patients who were on analgesic
therapy before the intervention were reported to have had a sig-
nificant reduction in the analgesic dose or been taken off anal-
gesic therapy completely [3, 33, 38, 39]. The overall mean
duration of symptoms improvement after the initial interven-
tion was ~94 = 16days based on data from five studies (110
patients) (Figure 3) [29, 34, 37-39]. Patients were followed for a
mean duration of 229 + 117 days, based on data from nine stud-
ies (129 patients) [29, 30, 33-39].

Two studies reported a need for further interventions after
PD stenting in some patients, for either symptom recurrence or
cancer resection. These interventions included palliative
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Table 1. Main demographic characteristics of the studies included in the systematic review

First author/year Country Study design Number Patients with technical =~ Mean Male, n (%)?
of patients success, n (%) age (years)®
Harrison/1989 [33] USA Case report 1 1(100%) 66 1(100%)
Ashby/1995 [34] USA Prospective case series 5 5 (100%) 42 2 (40%)
Catalano/1998 [30] USA Prospective case series 19 15 (79.0%) 68 6 (40%)
Costamagna/1999 [3] Italy Retrospective case series 50 34 (68.0%)° 715 23 (67.6%)
Tham/2000 [38] USA Prospective case series 6 6 (100%) 64.5 1(17%)
Wehrmann/2005 [39] Germany Prospective case series 20 19 (95.0%) 67.6 13 (68.4%)
Akbar/2012 [35] USA Retrospective case series 2¢ 2 (100%) 53.5 2 (100%)
Gao/2014 [37] China Prospective comparative study 42 38 (90.5%) 68.2 22 (57.9%)
Nair/2015 [31] USA Case report 2 2 (100%) 58.5 2 (100%)
Li/2016 [29] China Prospective comparative study 42 42 (100%) 58.6 26 (62%)
Ryabov/2017 [32] NR Retrospective case series 2¢ 2 (100%) NR NR
Abramyan/2019 [36] USA Case report 1 1(100%) 69 0 (0%)

NR, not reported.

“Mean age and sex data are based on patients with abdominal pain who had technical success with placement of pancreatic duct (PD) stent.

>The reported technical success in Costamagna et al. [3] was 81.8% based on the total number of patients of 55. However, to fulfill our systematic-review-inclusion crite-
ria, we only considered those patients with obstructive pain (n =50), for whom the sole intervention was PD stenting in 34 patients (patients who underwent concomi-
tant intraluminal brachytherapy were excluded). Hence, the technical success rate is reported as 34/50 (68.0%).

“Case reports were deemed to be those with up to four patients and case series were deemed those with more than four patients (Abu-Zidan FM, Abbas AK, Hefny AF.
Clinical ‘case series’: a concept analysis. Afr Health Sci. 2012 Dec; 12[4]:557-62). Only two patients in Akbar et al. [35] and Ryabov et al. [32] case series fulfilled the inclu-

sion criteria.

Table 2. Main characteristics of procedures and subsequent pain response in the studies included in the systematic review

First author/year Type of Technical Upstream Type Pain improvement Mean duration Mean
intervention  success (%) PD dilation® of stent rate post intervention, of response follow-up
n (%) (days) duration (days)
Harrison/1989 [33] ERCP 100% Yes Plastic 1 (100%) 30 150
Ashby/1995 [34] ERCP 100% Yes Plastic 5 (100%) 69 132
Catalano/1998 [30] ERCP 79% NR Plastic 12 (80.0%) NR 300
Costamagna/1999 [3] ERCP 68% Yes Plastic 30 (88.2%) NR NR
Tham/2000 [38] ERCP 100% Yes Plastic (50%) 6 (100%) 170 170
SEMS (50%)
Wehrmann/2005 [39] ERCP 95% Yes Plastic 18 (94.7%) 105 105
Akbar/2012 [35] ERCP 100% Yes SEMS 2 (100%) 94.5 510
Gao/2014 [37] ERCP 90.5% Yes Plastic 26 (68.4%) 90 246
Nair/2015 [31] ERCP 100% Yes NR 2 (100%) NR NR
Li/2016 [29] ERCP 100% Yes Plastic 42 (100%) 90 180
Ryabov/2017 [32] EUS 100% Yes Plastic 2 (100%) NR NR
Abramyan/2019 [36] ~ ERCP 100% Yes SEMS 1 (100%) 270 270

ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; NR, not reported; PD, pancreatic duct; SEMS, self-expanding metal stent.

2Evidence of pancreatic duct dilation on imaging prior to endoscopic intervention.

double-bypass surgery (three patients) and classical Whipple
procedure (one patient) [34], in addition to pylorus-preserving
Whipple (one patient) [35].

Assessment of the methodological quality of the
included studies

The assessment of the studies’ methodological quality is shown
in Supplementary Table 4 and the overall evaluation of the
methodological quality is shown in Figure 4. The agreement of
the two reviewers in assessing the methodological quality of in-
cluded studies was 100%. The minority of the studies had good
methodological quality in all domains, with the majority having
low or unclear methodological quality. Using the GRADE ap-
proach [40], the certainty in evidence was rated to be very low
due to the methodological limitations of the studies and impre-
cision of the estimates.

Discussion

Pain is a common symptom of PC, and the frequency and sever-
ity of pain are associated with worse survival [7]. Although
pharmacologic therapies are employed in pain management,
narcotic medications may not provide adequate analgesia, re-
quiring a frequent increase in the dose with a resultant increase
in the risk of adverse drug effects [7]. Moreover, there are grow-
ing concerns regarding shortened survival with the increased
use of narcotics [9] and CPN [10], which draws attention to an
unmet clinical need for better treatment of PC pain.

Current paradigms in cancer pain management follow the
four-step ‘analgesic ladder’ [41]. This approach, however, is
mainly designed for the treatment of neuropathic pain patterns.
For example, the fourth step (for patients with severe pain)
includes interventions like CPN, whether via EUS or interven-
tional radiology approaches, and such procedures are well ac-
cepted and advocated as part of the guidelines [42]. Other
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Figure 2. Forest plot of the effect sizes for the pain improvement rate in pancreatic cancer patients undergoing pancreatic duct stenting for obstructive-type pain;
ES, effect size; Pt, patient; Specified, studies that specified post-prandial pain; Non-Specified, studies with non-specified abdominal pain. The diamond depicts the

average of the effect sizes.

modalities of PC pain management include pancreatic-enzyme-
replacement therapy, which is reserved mainly for patients
with pancreatic exocrine insufficiency induced by the underly-
ing malignancy [43]. However, such therapies may not address
the post-prandial obstructive-type pain.

While PD stenting is a widely accepted practice for chronic-
pancreatitis obstructive-type pain, it is often not considered for
malignant strictures, although it has been suggested by the
British Society of Gastroenterology guidelines for PC pain man-
agement [44]. In this systematic review, we studied a highly se-
lected cohort of PC patients with what the authors deemed to
be obstructive-type pain. Although the meta-analysis shows
that PD stenting may be a safe and effective procedure in the
majority (93%) of such carefully selected patients, and although
the relief was maintained for a mean duration of 94 days, these
results should be exploratory or hypothesis-generating, given
the unclear or low methodological quality of the majority of
these studies. The high success rate is likely a function of a sub-
stantial selection bias, which is desired in this context, as we
found that patients whose pain pattern was explicitly sugges-
tive of an obstructive cause appeared to benefit from this inva-
sive intervention.

In PC, abdominal pain may be broadly divided into neuro-
pathic pain and obstructive pain. The former has been de-
scribed as a continuous, dull aching pain in the epigastrium or
upper back, which is unrelated to meals. A similar neuropathic
character of pain has been described in patients with chronic
pancreatitis [45]. Obstructive pain in patients with PC is often
described as intermittent epigastric pain radiating to the back,
triggered by meals, and potentially due to ductal hypertension
[46]. One study showed the importance of patient selection and
compared the efficacy of PD stenting in PC patients with
obstructive-type pain to its efficacy in patients with chronic un-
remitting pain; while 75% of patients with obstructive-type PC
pain improved with PD stenting, none of those with chronic un-
remitting pain benefited when a similar intervention was per-
formed [38]. This observation was also shown by Gao et al. [37],
wherein stents placed for PC patients with PD dilation resulted
in pain improvement with decreased visual analog scale scores
in 74% of patients at 1 month; however, only 16% of PC patients
who underwent PD stenting without ductal dilation at baseline
had improvement in pain scores.

The increased ductal pressure may lead to ductal leakage
and parenchymal infiltration by pancreatic juice [47], resulting
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Figure 3. Forest plot of the effect sizes for the mean duration of response to pancreatic duct stenting in pancreatic cancer patients with obstructive-type pain;
Specified, studies that specified post-prandial pain; Non-Specified, studies with non-specified abdominal pain. The diamond depicts the average of the effect size.

in a compartment-syndrome-like picture within the pancreas
and leading to ischemic pain. There is considerable evidence
showing pain relief in patients with chronic pancreatitis and
ductal obstruction who undergo PD stenting. In these patients,
the European Society of Gastrointestinal Endoscopy recom-
mends PD stenting as the first-line therapy for pain relief [48],
with good efficacy in the immediate and long terms (pain relief
in 88% and 67%, respectively, in a recent meta-analysis [49]).
One study described the complete disappearance of pain in 60%
and a significant reduction in analgesic medication in 20%-25%
of PC patients who underwent PD stenting [3]. Another study
showed that patients who underwent both biliary and PD stent-
ing had better pain outcomes compared with those with stric-
tures in the tail region [30, 37]. In the study by Wehrmann et al.
[39], PD stenting was considered only in patients with
pancreatic-head cancer. Interestingly, this predilection for pa-
tient selection and response, when the stricture is in the pan-
creatic head, is also observed in the case of chronic-pancreatitis
ductal-obstruction pain [50]. However, stent placement in the
body/tail of the pancreas is more technically challenging and
may have lower technical success rates [50].

It should also be noted that acute pancreatitis can be a com-
plication of PC, which can lead to severe acute pain, and may
occur in 6%-14% of patients [51-53]. However, in this context,
pancreatitis is usually mild [53]. Therefore, we excluded studies
that implemented PD stenting to manage acute pancreatitis
in PC.

Although our study suggests that PD stenting in selected
patients with PC may be effective, this intervention is challeng-
ing and should only be pursued by an experienced endoscopist
at a high-volume center, similar to what is required for pancre-
atic interventions in general. Before the procedure, the ductal
anatomy needs to be delineated by cross-sectional imaging, or
EUS, to localize the stricture accurately and to rule out ductal
anomalies, such as pancreas divisum, seen in 7% of patients
and which would warrant ductal access via the minor papilla
[54-56]. PD-stricture dilation is performed when a larger-
diameter PD stent needs to be deployed [57]. Ideally, a soft 10 Fr
stent with side-holes, or multiple side-by-side smaller-caliber
stents, should be placed into the PD. The use of a single stent
<5Fr is not advised due to short patency rates [46]. Self-
expanding metallic stents have been used for this indication
successfully to prolong the patency [35, 36, 38], but their appli-
cation may be limited by the size of the duct, as well as the the-
oretical risk of obstructing PD side-branches. No episodes of
pancreatic necrosis or acute pancreatitis were reported in these
patients.

PD stenting is associated with unique complications, such as
acute pancreatitis, bleeding, ductal rupture, and cholangitis [34,
58-61]. The risk of PEP is known to be lower in patients undergo-
ing PD stent placement [62] and lower in PC patients in general
[63]. Our systematic review shows a PEP incidence of 0.6% in the
examined cohort. Other early complications include post-
sphincterotomy bleeding in three patients (1.8%) and
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Figure 4. Evaluation of the methodological quality of the studies in the system-
atic review

hemosuccus pancreaticus in one patient (0.6%). Late complica-
tions include stent-related ductal and parenchymal changes,
stent occlusion, and migration [58]. Other serious risks of PD
interventions in this setting is the risk of infection and
pancreatic-abscess development [64, 65], although none was
identified in our study. On the other hand, there is a theoretical
possibility that relief of obstruction could improve survival from
a decrease in inflammation related to ductal decompression
and improved digestion.

Our study has several shortcomings, which limits the quality
of this review and may lead to uncertainty of the conclusion.
First, no RCTs were identified in the systematic review and the
meta-analysis is unable to quantify the degree of pain improve-
ment mainly due to the low utility of validated pain score
assessments in the included studies, which are mostly case se-
ries and case reports with a small number of patients.
Furthermore, the placebo effect may also be a possibility given
the non-comparative nature of the majority of the included
studies. Second, missing data precluded gathering complete in-
formation and not all patients were followed until their demise
to establish the durability of the therapy. Third, substantial se-
lection bias exists, although this should be viewed critically,
and perhaps favorably, since such invasive therapy should only
be offered to PC patients with PD obstruction who are not con-
sidered surgical candidates. However, there were no systematic
or precise inclusion criteria explicitly stated in most of the stud-
ies. Fourth, other confounding factors such as the use of con-
comitant chemotherapy, which has been shown to improve
pain relief and the quality of life in PC patients [66], were not de-
scribed in detail to delineate a relationship, if one existed, dur-
ing PD stenting. We attempted to compensate for some of these
limitations by following a controlled a priori protocol and rigor-
ous methodological quality appraisal.

Another main limitation is the inability of our meta-
narrative evaluation to precisely estimate the AEs rate when
the technique is applied. Although we reported all purported
events as relayed in the original publications, uncertainty
remains regarding the denominator used in three of the original
reports [3, 37, 39]. In an attempt to compensate for this short-
coming, we included all events and related them to the sub-
group of patients who fulfilled our inclusion criteria, so as not
to underestimate the risk of the procedure.

Although this is the first systematic study that synthesizes
all available evidence on the role of PD stenting in PC abdominal
pain palliation, our results are inconclusive and instead suggest
that a well-designed RCT is warranted, with numerous other
questions remaining. This includes the most appropriate type
and size of stents, the route of stent insertion (traditional trans-
papillary vs EUS-guided drainage), response according to tumor

location, the appropriate interval of stent exchange, and the
role of multiple stents. Patients with a PD stricture might also
have underlying neuropathic pain, which will need to be
addressed by other interventions.

In conclusion, for selected PC patients with obstructive-type
pain symptoms and PD obstruction, PD stent placement may be
an effective palliative approach, with an acceptable AEs profile.
However, this systematic review and meta-analysis were based
on the limited available literature of nonrandomized and retro-
spective data, with very low certainty in the evidence. While the
analysis is exploratory, conclusive evidence should be derived
from a larger-scale, well-executed, and adequately powered
prospective randomized-controlled trial to corroborate these
findings and help a subset of patients suffering from a highly
morbid sequela of PC.
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online.
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