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Endoscopic management of pancreatic fluid collections
with disconnected pancreatic duct syndrome
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ABSTRACT

Disconnected pancreatic duct syndrome (DPDS) is an important and common complication of acute necrotizing pancreatitis.
Endoscopic approach has been established as the first-line treatment for pancreatic fluid collections (PFCs) with less
invasion and satisfactory outcome. However, the presence of DPDS significantly complicates the management of PFC;
besides, there is no standardized treatment for DPDS. The diagnosis of DPDS presents the first step of management,
which can be preliminarily established by imaging methods including contrast-enhanced computed tomography, ERCP,
magnetic resonance cholangiopancreatography (MRCP), and EUS. Historically, ERCP is considered as the gold standard
for the diagnosis of DPDS, and secretin-enhanced MRCP is recommended as an appropriate diagnostic method in existing
guidelines. With the development of endoscopic techniques and accessories, the endoscopic approach, mainly including
transpapillary and transmural drainage, has been developed as the preferred treatment over percutaneous drainage and
surgery for the management of PFC with DPDS. Many studies concerning various endoscopic treatment strategies have
been published, especially in the recent 5 years. Nonetheless, existing current literature has reported inconsistent and
confusing results. In this article, the latest evidence is summarized to explore the optimal endoscopic management of
PFC with DPDS.
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INTRODUCTION

Disconnected pancreatic duct syndrome (DPDS) is an
important but frequently neglected complication, which
is reported to occur in approximately 20%—-40% of
patients with acute necrotizing pancreatitis (NP).!" It
is characterized by complete transection of the main
pancreatic duct (MPD), resulting in discontinuity
between viable upstream secreting pancreatic tissue and
the gastrointestinal tract. Most of the DPDS (about
47%) located in the body of the pancreas.”) DPDS
at the neck of pancreas was also common because
this region has a precarious blood supply.P’! The
disconnected pancreatic gland remains functional and
the leakage of pancreatic fluid causes several problems,
such as pancreatic fluid collection (PFC), external
pancreatic fistula, and pancreatic ascites.!

What’s more, new-onset diabetes could occur in 16%—
52% patients with DPDS during long-term follow-up,”!
and chronic pancreatitis with exocrine or endocrine
insufficiency may be seen due to the atrophy of the
disconnected pancreatic gland.l”” Among them, PFC
is the most common presentation accounting for
83.2% of all complications.”! Although endoscopic
approach has been established as the first-line
treatment for PFC with less invasion and satisfactory
outcome,” there are no standardized guidelines for
the treatment of DPDS for the time being.!"'"! The
presence of DPDS obviously complicates PFC and
the management is currently at the discretion of the
treating clinician. Conservative managements, including
antibiotics and nutritional supportive therapy, are
important for patients with DPDS, especially in the
early stage of disease. In some cases, the disconnected
pancreatic gland is atrophic and the PFC eventually
resolves, but conservative management may not result
in the resolution of PFC in a majority of patients.!")
Besides, there is no evidence supporting the positive
role of octreotide in pancreatic duct (PD) leaks.!"
Historically, DPDS is managed surgically, and the
standard surgical procedure includes either resection
of the disconnected pancreas or internal drainage.
However, resection of the viable distal pancreatic
tissue can contribute to exocrine and endocrine
insufficiency. Besides, surgery in the setting of NP
is challenging because the severe inflammation in the
abdomen and extensive venous collateral formation.
The incidence rate of postoperative complications,
including infections, organ failure, external pancreatic
fistula, and bleeding, is high.'*" Percutaneous drainage

has been considered effective and less invasive in the
treatment of PFC, but it carries an inherent risk of
iatrogenic external pancreatic fistula formation when
applied to PFC with DPDS.I"! Thus, percutaneous
drainage alone is going out of vogue. Endoscopic
management of PFC with DPDS was firstly described

1l However,

three decades ago by Kozarek ¢t al.
endoscopic transpapillary therapy for DPDS in early
practice fails to demonstrate satisfactory outcome,!'”!
and endoscopic method is usually performed among
patients with poor physical status who are not
candidates for surgery. Nowadays, the development
of endoscopic techniques and accessories, especially
the interventional EUS, has paved an exciting new
way toward the management of DPDS. In two recent
meta-analyses, the success rates are demonstrated to be
up to 92% for the endoscopic treatment of disrupted
and disconnected PD, comparable to that of surgical
interventions.*'®

Although various treatment strategies have been
developed, it remains challenging to manage PFC in
the subset of patients with associated DPDS, and
consensus has not been reached so far. Therefore, this
work aims to summarize the latest evidence for the
diagnosis and endoscopic management of PFC with
DPDS.

DIAGNOSIS

Firstly, it is important to figure out the key concepts
and terminology of DPDS. A disconnected duct is
defined as a circumferential interruption of the duct
integrity, whereas a disrupted duct is defined as a partial
interruption of the duct."” DPDS refers to a clinical
condition caused by the symptomatic production of
pancreatic juice due to ductal discontinuity between
viable pancreatic tissue and the duodenum.* The correct
differentiation between them contributes to different
management decision-making.™ It is unnecessary to
aggressively look for PD disruptions or disconnections
because whether a patient with NP will develop DPDS
or not is generally unclear in the first 2 weeks.!""!
Furthermore, the initial treatment of NP focuses on other
aspects. In general, the PD integrity should be evaluated
at 2 weeks after onset or when invasive intervention is
considered (usually at 4 weeks after onset).?!)

The diagnosis of DPDS is the first step for
management, which is fundamentally confirmed by
imaging methods such as contrast-enhanced computed
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tomography (CE-CT), ERCP, magnetic resonance
cholangiopancreatography (MRCP), and EUS.

The conventional criteria for the diagnosis of DPDS

proposed by Sandrasegaran ef al? are as follows:

A. Pancreatic necrosis of atleast 2 cm; pancreatic necrosis
of <2 cm often leads to healing with stricture formation
of the MPD and incomplete disconnection

B. Viable upstream distal pancreatic tissue from the site
of necrosis

C. Free extravasation or total cutoff of contrast agent
injected into the MPD during ERCP [Figure 1].

Another diagnostic criterion, which includes the
presence of extravasation or cutoff of MPD when
contrast agent is injected and the demonstration of
the viable upstream pancreas on imaging, is actually
accepted by more researchers.?

COMPUTED TOMOGRAPHY

CE-CT is the most common cross-sectional imaging
technique used in patients with NP, which is
suggested by the European Society of Gastrointestinal
Endoscopy (ESGE) as the first-line imaging modality
for NP from the onset to the 4™ week if there is
no contraindication.” CE-CT can assess the necrotic
area of the gland and PFC and identify the viable
part of the pancreas in the upstream tail. New
progresses in CT technology, such as the application
of thinner collimation and multirow detector computed
tomography (MDCT) with multiplanar reformations,
have achieved satisfying visualization of the MPD
in 75%-100% of patients.>* Anderson and Soto®’!
demonstrated that portal venous phase 64 MDCT
images were moderately accurate for detecting

communication between PDs and PFC, which were
used to correctly identify the communication in all
the nine cases. In another study, sensitivity of helical
CT for PD disruption was 75% (12/16), and the site
of MPD disruption was determined in 50% (8/106)
patients.”® In clinical practice, the combination of CT
with ERCP or MRCP is usually required to confirm
DPDS, especially for partial disruption of the duct as
it is hard for CECT to identify it directly. Even so, CT
is a promising noninvasive imaging modality [Figure 2].
However, more multicenter studies with larger sample
size are expected eagerly in the future considering the
low quality of the aforementioned studies.

MAGNETIC RESONANCE

MRCP is a noninvasive and precise approach used to
evaluate the morphology of pancreatic parenchyma
and PD. Previous studies have demonstrated the
usefulness of MRCP in detecting PD disruptions.”"*!
Drake et al”! reported that they performed MRCP
in 31 patients with suspected PD disruption within
7 days after ERCP onset. PD disruption was found
in 74% (23/31) of patients during ERCP and MRCP
confirmed 91% (21/23) of these patients. In addition,
MRCP correctly detected all the eight patients with
intact PD, as confirmed by ERCP. Another study
compared the results between CT and MRCP in
evaluating PD disruption among children with blunt
pancreatic injury. They found that the duct was
more often visualized on MRCP than CT (48% us.
5%, P < 0.05). However, conventional MRCP has
limitations. It may not diagnose PD disruption where
transpapillary stenting is highly successful. Besides,
MRCP was not superior to CT in identifying PD
integrity (62% wvs. 38%, P = 0.28) and the authors

Figure 1: ERCP images of disconnected pancreatic duct syndrome. (a) Complete pancreatic duct disruption in a patient with traumatic pancreatic
injury: ERCP reveals total cutoff of proximal main pancreatic duct with opacification of Santorini duct. (b) Complete pancreatic duct disruption
in a patient with acute necrotizing pancreatitis: ERCP reveals total cutoff at the body of the pancreas, without visualization of the pancreatic
tail. (c) Complete pancreatic duct disruption in a patient with severe acute pancreatitis: ERCP reveals contrast extravasation from proximal main
pancreatic duct, without visualization of the main pancreatic duct at the body or tail
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Figure 2: Contrast-enhanced computed tomography scans and
magnetic resonance cholangiopancreatography of disconnected
pancreatic duct syndrome in a patient with acute necrotizing
pancreatitis. (a) Contrast-enhanced computed tomography done after
the resolution of walled-off pancreatic necrosis reveals dilated distal
pancreatic duct (white arrow) and abrupt cutoff at the neck of the
pancreas (black arrow). (b) Contrast-enhanced computed tomography
also reveals a necrotic area (black arrow) at the neck of the pancreas at
the same time. (c) Follow-up contrast-enhanced computed tomography
4 months later reveals a recurrent huge pseudocyst, with viable and
atrophic but disconnected upstream pancreatic tissue (white arrow). (d)
Follow-up magnetic resonance cholangiopancreatography reveals
the huge pseudocyst and dilated distal pancreatic duct (white arrow)

recommend ERCP for the confirmation of duct
disruption instead.™ What’s more, it is impossible
to visualize the PD filling and extravasation in real
time for conventional MRCP until the application
of secretin-enhanced MRCP. The changes in the
duodenal and jejunal fluid contents and the size
or signal intensity of PFC can be evaluated after
secretin administration.P’!! The injection of secretin
improves the sensitivity of MPD integrity from
47.1% to 66.4% and secretin-enhanced MRCP has
been considered as the best diagnostic method for
MPD disruption in the current guideline.”'?'*4 In
a recent international expert survey involving 56
pancreatologists, most experts agreed that MRCP
was the preferred diagnostic modality to evaluate PD
integrity, but almost half of them never performed
secretin-enhanced MRCP.I"" Actually, it is a problem
beyond neglect that obstacles restricting its wide
application, such as limited access to secretin and/or
higher costs should be eliminated.!""!

ERCP

ERCP is historically considered as the gold standard
for the diagnosis of DPDS by directly delineating

PD anatomy, which can further differentiate between
partial and complete PD disruption.’” However, it
is an invasive procedure that is associated with a
potential risk of complications, such as infection
of sterile pancreatic collections and postprocedure
pancreatitis. It could not assess upstream duct and
viable parenchyma. Moreover, duodenal edema in
patients with NP usually makes ERCP challenging.'”)
Thus, ERCP should be performed in patients who
plan to undergo drainage of PFC or those who have
other therapeutic intention, besides, diagnostic ERCP
alone should be avoided, except in rare case when the
information may fundamentally change the patient’s
treatment strategy.”"”! Importantly, clear and strict
indications should be established.

EUS

There is limited research focused on EUS assessment
of DPDS. A prospective study described the imaging
features of EUS for DPDS as the presence of a
well-defined PFC along the course of MPD, with the
upstream pancreatic tissue and duct terminating into the
PFC. All the 21 patients with DPDS were confirmed
by EUS and the authors concluded that there was
100% correlation between EUS characterization with
CT and pancreatography or surgical pathology in
patient with DPDS.”’! However, about one-third
of patients had a suboptimal examination of the
upstream pancreas and they were excluded in their
study. The study also suggests some limitations of
EUS. For example, EUS was effective only for assessing
PFC and MPD disruptions in the neck-body-tail
regions of the pancreas. The optimal examination
of the upstream pancreas with EUS may not be
possible in all patients with PFC and NP. Besides, the
experience of endoscopists may affect the visualization
of the PD during EUS.'"' Although more studies are
required to assess the role of EUS in the diagnosis
of DPDS, EUS can be a promising method, especially
for PFC patients with DPDS because it is accurate in
assessing the content of PFCP and makes it possible
to complete diagnostic and therapeutic (transmural
drainage) procedure in one time."

Furthermore, in a recent systematic review on
imaging modalities for diagnosing disrupted or
disconnected PD in patients with acute pancreatitis,
142 patients were included from eight studies and
five different diagnostic modalities evaluated. It was
reported that the sensitivities of EUS and ERCP
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were 100%, while the sensitivity and specificity of
MRCP (with or without secretin) were 83% and 100%,
respectively. For a combined cohort of MRCP and
secretin-enhanced MRCP, the sensitivity was 92%.
Meanwhile, the sensitivity and specificity for amylase
measurements in the drained fluid were 100% and 50%,
respectively. Thus, the authors recommended MRCP or
secretin-enhanced MRCP as the preferred diagnostic
modality.*

ENDOSCOPIC TREATMENT

PFCs can be categorized in four types according
to their content and wall maturity, including acute
peripancreatic collections, pancreatic pseudocysts (PCs),
acute necrotic collection, and walled-off pancreatic
necrosis (WON).P?! It is reported that eatly intervention
is associated with increased morbidity and mortality.”!
Similarly, a recent study reported that early drainage
in patients with infected NP results in more invasive
interventions than postponed drainage.’” Therefore, it
is currently recommended that the drainage of PFC
is performed until a mature wall has formed (usually
4 weeks after the onset).” Moreovet, the term “PFC”
in this review generally refers to PC or WON. There is
no doubt that endoscopic drainage of PFC is preferred
over the other methods as a first-line treatment.!
However, it is reported that DPDS has a significant
impact on the endoscopic treatment of PFC. A study
including 361 patients with PFC (167 of them had
concurrent DPDS) demonstrated that more patients
with DPDS required hybrid treatment, re-interventions,
rescue-surgery, and a longer length of hospital stay.*’
Recently, a meta-analysis was performed to compare
the outcomes of EUS-guided treatment for PFC
between DPDS and non-DPDS groups. As a result,
no significant difference was observed between the
two groups with regard to technical success, adverse
events, or mortality. However, the authors discovered
that DPDS was highly associated with the risk of
PFC recurrence (pooled odds ratio [OR] 6.72; 95%
confidence interval [CI] 2.72-16.6)." Obviously,
the endoscopic treatment strategies for PFC with
concomitant DPDS should be tailored based on the
current evidence available.

TRANSPAPILLARY DRAINAGE
It is attractive that transpapillary drainage is

physiologic, which does not need to create an
alternative nonanatomical route of drainage as in
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transmural drainage. When the flow is impeded by
the sphincter of Oddi or PD strictures/calculi in
the downstream duct, inserting a stent into the PD
facilitates drainage of pancreatic secretions through
the papillary. Moreover, PD stent bridging the
disrupted part of the duct may also stop pancreatic
leakage and promote healing. In general, transpapillary
drainage is adoptable and effective when the PFC
is in communication with PD.P It has been proven
that successful resolution of PFC and PD disruption
depends on the type of disruption. In other words,
it depends on whether the PD stent can bridge the
disrupted duct successfully or not. The success rate
of transpapillary pancreatic stenting for partial PD
disruption is much higher than that for complete PD
disruption, and thus transpapillary drainage is more
effective in patients with partial PD disruption.!'”*
However, a few studies have reported the successful
resolution of PFC with DPDS despite failure to
bridge the disruption."”** Experience from our center
also demonstrates the effectiveness of transpapillary
drainage. In our study, 31 patients with DPDS were
identified and transpapillary stent was inserted in 15 of
them. Although the site of disruption was not bridged
in any patient, most patients (13/15) who underwent
transpapillary drainage achieved clinical success over a
median follow-up of 38 months.*!

Conventionally, we believe that the limited size of
pancreatic stent will result in inadequate drainage of
PFC with solid debris and subsequently causes more
complications than PC.**" However, a recent study
also reported satisfactory outcomes of transpapillary
drainage for WON with partial or complete disruption
of MPD. Active endoscopic transpapillary drainage,
which included transpapillary nasal drainage and later
insertion of the pancreatic stent, was performed in
22 patients with symptomatic WON and disruption
of MPD. Long-term success was achieved in 16 of
22 patients.*”

Actually, transpapillary drainage has been regarded
as an adjunctive therapy of transmural drainage in
some centers.’! However, recent studies including a
meta-analysis suggested that transpapillary drainage
had no added benefit over transmural drainage in the
management of PFC.*°U It is speculated that the
addition of transpapillary drainage may hinder the
patency and maturation of the cyst-enterostomy fistula
created by transmural drainage, consequently affecting

the resolution of PFC.*!
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Due to the poor technical success rate of PD stenting
along with the potential adverse events of ERCP and
the absence of definitive improved outcomes, the
combined drainage approach is not recommended for
patients with pseudocysts.’” Of note, additional PD
stenting for bridging is worth trying in specific patients
with partial duct disruptions confirmed preoperatively,

which has been proven to result in better outcomes.P*>

To sum up, we think that transpapillary drainage can be
actively attempted when the PFC is in communication
with a partial duct disruption or associated with
obstructive chronic pancreatitis. When there is no
condition to perform transmural drainage (the distance
between the GI wall and PFC exceeding 1 cm),
transpapillary drainage is an alternative option before
other more invasive procedures. Apart from the
well-recognized complication such as introducing infection
into sterile pancreatic collections and postprocedure
pancreatitis, transpapillary drainage also increases the
risk of stent-induced ductal and parenchymal changes
resembling chronic pancreatitis.”” Obviously, prospective,
randomized trials with larger sample sizes are warranted in
the future to identify the role of transpapillary drainage.

TRANSMURAL DRAINAGE

Transmural drainage has been increasingly performed
with the development of endoscopic techniques/
accessories and EUS-guided transmural drainage has
currently been regarded as the first-line treatment for
PEC.*%%1 In patients with DPDS, transmural drainage
alone is sufficient and preferable because it is presumed
that the collapse of PFC cavity will contribute to
the healing of PD disruption. However, the risk of
recurrence of PFC remains high after stent removal
or early migration, which can be ascribed to the
uncorrected physiological abnormality of disconnected
pancreas.’” A common practice is to place indwelling
plastic stents (PS) /n-situ to maintain an iatrogenic
internal fistula. In a recent study, 141 patients receiving
EUS-guided drainage and DPDS was present in 57.
Of them, placement of the permanent transmural PS
is more likely to treat patients with DPDS (OR 6.4;
95% CI [2.5-16.5], P < 0.001). Although DPDS was
not associated with a lower clinical success rate, it was
associated with PFC recurrence after stent removal (OR
8.0; 95% CI [1.2-381.8], P = 0.04).5

In the beginning, PS is the only choice of PFC
drainage. Moreover, the placement is time-consuming

and even challenging when multiple stents are
required. The invention of the lumen-apposing metal
stents (LAMSs) has greatly simplified the procedure,
and the large diameter not only facilitates the drain of
PFC with solid debris but also creates a passage for
direct endoscopic necrosectomy |Figure 3]. Currently,
LAMS has been accepted as a preferable stent type for
transmural drainage. However, long-term (over 4 weeks)
placement of LAMS should be avoided due to the
worrisome rate of LAMS-related adverse events (50%;
6/12) reported in a randomized controlled trial
study.”® The ESGE recommends that LAMS should
be replaced by indwelling PS in patients with
suspected DPDS.?!I Although leaving transmural PS
in situ permanently has been proven to be safe and
effective on preventing PFC recurrence in many
studies,! "% some report discordant results. For
instance, a study involving 274 homogenous patients
with WON undergoing EUS-guided drainage showed
that recurrent PFC developed in 34/256 (13.2%)
patients. A majority (33/34) of the patients who
developed recurrent PFC had DPDS. One half of
patients with recurrent PFC were asymptomatic and did
not require re-intervention. In the study, the authors did
not replace metal stents with PS and the overall rate of
recurrent PFC is acceptably low"!! Another prospective
study did not replace metal stent with PS, and it
reported recurrence rate of 13.2%, most of whom
did not require therapy.” Etiology, site of disruption,
volume of pancreatic juice from disconnected gland,

Figure 3: Transmural drainage performed in patients of pancreatic
fluid collections with disconnected pancreatic duct syndrome. (a)
Fluoroscopic image showing lumen-apposing metal stents was placed
across transmural tract. (b) Endoscopic views showing lumen-apposing
metal stents deployment in the stomach. (c) Fluoroscopic image
showing two double-pigtail plastic stents were placed. (d) Endoscopic
views showing two transmural plastic stents deployment in the
stomach
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and response of body to the pancreatic outflow may
affect the outcome of DPDS to varying degrees,
thus leading to these inconsistent results.[*) What’s
more, a study reported on the safety of PS placement
among 306 patients suggested that long-term (over one
year) placement of the indwelling transmural PS for
PFC raised a risk of intestinal perforation. In their
study, colon perforation occurred in three patients
because of PS. Therefore, more efforts should
be made to solve the current clinical dilemma, and
larger-scale, randomized study with stratification to the
aforementioned factors is warranted in future.

OTHER APPROACHES

Ross et all®l reported the use of a combined
percutaneous and transmural approach for the treatment
of WON, and good short-term outcomes were
achieved. In their study, the percutaneous approach
allowed for irrigation and aspiration of WON.
Meanwhile, the presence of transmural stents might
prevent external pancreatic fistula formation, which was
highly associated with percutaneous drainage. A total
of 103/117 patients completed treatment and all the
percutaneous drains were removed successfully without
external pancreatic fistula formation. We speculate that
patients with severe systemic compromise and organ
failure who need percutaneous drainage as the first
early intervention may also be the suitable candidates
for this combined method. As for some patients
with DPDS who have no conditions for standard
endoscopic techniques (transmural or transpapillary
drainage), several EUS-guided techniques including
creation of an artificial PFC, outside-in transluminal
puncture, and EUS-guided pancreatic (duct) drainage,
can be attempted before surgery.”! Nonetheless,
above-mentioned procedures are technically challenging
along with potential serious complications and their
effectiveness has not been well defined.

CONCLUSION

Although reliable data are scarce, the partial and
complete disruption of the MPD are reported to be as
high as 50.49% and 30.89% in patients with WON.P*
More emphasis should be placed on our awareness of
DPDS during the treatment of PFC as it may greatly
affect the outcome. Despite the great advancements in
endoscopic techniques, surgeries are still inevitable in
many patients with PFC complicated with DPDS. We
focus on the endoscopic management of PFC with
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DPDS in this study from an endoscopist perspective,
but in fact a multidisciplinary approach involving
interventional endoscopist, surgeon, and radiologist is
absolutely desirable. Cleatly, much work should be done
to explore the optimal endoscopic management of PFC
with DPDS.
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