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Jackowski. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Original Research
PUBLISHED 03 October 2022

DOI 10.3389/fcimb.2022.939137
Endoscopic treatment of
pancreaticopleural fistulas

Mateusz Jagielski*, Jacek Piątkowski and Marek Jackowski

Department of General, Gastroenterological and Oncological Surgery, Collegium Medicum
Nicolaus Copernicus University, Toruń, Poland
Introduction: Pancreaticopleural fistula (PPF) is a serious complication of acute

and chronic pancreatitis.

Objective: To evaluate the effectiveness of various endoscopic techniques for the

treatment of patients with PPFs.

Methodology: Prospective analysis of the results of endoscopic treatment of 22

patients with PPF due to pancreatitis was conducted at the Department of General,

Gastroenterological, andOncological Surgery, Ludwik Rydygier CollegiumMedicum

in Bydgoszcz, Nicolaus Copernicus University in Torun, between 2018 and 2021.

Results: PPF was diagnosed in 22 patients (21 men and 1 woman; mean age 49.52

[30–67] years) with pancreatitis. In 19/22 (86.36%) patients, PPF communicated with

the left pleural cavity and in 3/22 (13.64%) patients with the right pleural cavity.

Chronic pancreatitis was diagnosed in 14/22 (63.64%) patients. Symptomatic

pancreatic fluid collections were found in 15/22 (68.18%) patients with PPF

(pancreatic pseudocyst in 11 and walled-off pancreatic necrosis in four patients).

Endoscopic retrograde cholangiopancreatographywas performed in 21/22 (95.45%)

patients, confirming the diagnosis of PPF. All 21 patients underwent endoscopic

sphincterotomy with prosthesis implantation in the main pancreatic duct (passive

transpapillary drainage). In 1/22 (4.55%) patients, active transmural/transgastric

drainage of the PPF was necessary due to inflammatory infiltration of the

peripapillary region, precluding endoscopic pancreatography. Endoscopic

transmural drainage was performed in all the 15 patients with pancreatic fluid

collection. Clinical success was achieved in 21/22 (95.45%) patients. The mean

total time of endotherapy was 191 (range 88–712) days. Long-term success of

endoscopic treatment of PPFs during one year follow-up periodwas achieved in 19/

22 (86.36%) patients.

Conclusions: Endoscopic treatment is effective for managing post-inflammatory

PPFs. The preferred treatment method is passive transpapillary drainage (prosthesis

of the main pancreatic duct). If transpapillary drainage is not feasible, transmural

drainage of the PPF remains the preferredmethod. Endoscopic transmural drainage

leads to closure of the fistula canal in patients with pancreatic fluid collection

complicated by PPF.

KEYWORDS

pancreaticopleural fistula, pancreatic fistula, transpapillary drainage, transmural
drainage, pancreatitis, endotherapy
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Introduction

Fistulation, that is, the formation of pancreatic fistulas (PFs),

may occur in the course of acute or chronic pancreatitis as the

inflammatory process spreads (Jagielski et al., 2018a; Jagielski et

al., 2018b; Larsen and Kozarek, 2014). A PF is an abnormal

connection of the pancreatic ducts with another epithelium-

covered surface, that is, with another organ, structure, or

anatomical space (Larsen and Kozarek, 2014; Jagielski et al.,

2018a; Jagielski et al., 2018a; Bassi et al., 2005; Morgan and

Adams, 2007; Butturini et al., 2008). Regardless of the etiology,

disruption of the main pancreatic duct (MPD) or smaller

pancreatic ducts, defined as a break in the continuity of the

duct leading to leakage of pancreatic juice, is at the root of the

development of PF (Larsen and Kozarek, 2014; Jagielski et al.,

2018a; Jagielski et al., 2018b). Disruption of MPD occurs in over

80% patients with post-inflammatory pancreatic and

peripancreatic fluid collections (PPFCs) during the course of

acute or chronic pancreatitis (Tay and Chang, 2013; Jagielski

et al., 2017; Jagielski et al., 2020; Jagielski and Jackowski, 2021).

Pancreaticopleural fistula (PPF) is a rare complication of

pancreatitis resulting from disruption of the MPD and leakage of

pancreatic juice into the pleural cavity (Ali et al., 2009; Tay and

Chang, 2013; Ramahi et al., 2019). Unlike pleural effusions seen

in pancreatitis, which are usually clinically insignificant, PPFs

often cause large, recurring pleural effusions (Ali et al., 2009).

Endoscopic treatment of disruption in the continuity of the

MPD, and consequently, PFs caused by pancreatitis, involves

performing endoscopic retrograde cholangiopancreatography

(ERCP) with endoscopic sphincterotomy and implantation of

the prosthesis into the MPD (passive transpapillary drainage) to

ensure physiological outflow of pancreatic juice into the

duodenum (Jagielski et al., 2017; Jagielski et al., 2018a;

Jagielski et al., 2018b; Jagielski et al., 2020; Jagielski and

Jackowski, 2021b)

The use of endoscopic techniques in the treatment of MPD

disruption caused by pancreatitis remains controversial

(Boxhoorn et al., 2021). Most of the evidence on the diagnosis

and therapy of post-inflammatory PPFs is derived from single

case reports (Wee et al., 2017; Ramahi et al., 2019). Moreover,

the management of patients with pancreatitis and hindered

access to the MPD through the major duodenal papilla during

ERCP due to swelling of the duodenal wall or altered anatomy of

the upper gastrointestinal tract remains challenging.

Therefore, this study presents the results of treatment of patients

with PPF due to pancreatitis using various endoscopic techniques.
Materials and methods

This was a prospective analysis of treatment outcomes in

patients with pancreatitis hospitalized at the Department of
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General, Gastroenterological, and Oncological Surgery, Ludwik

Rydygier Collegium Medicum in Bydgoszcz, Nicolaus

Copernicus University in Torun between 2018 and 2021. A

significant number of these patients had previously been

treated for pancreatitis in other clinical centers and were

subsequently transferred to our referral center to treat the

sequelae and complications of pancreatitis (Jagielski and

Jackowski, 2021b).

The study was approved by the Ethics Committee at the

Collegium Medicum of Nicolaus Copernicus University and was

conducted in accordance with the Declaration of Helsinki. All

patients provided oral and written informed consent to

participate in the study. All patients received detailed

information regarding the study.

The diagnosis of pancreatitis, the criteria of clinical and

morphological categorization, and all definitions of local and

systemic complications were based on the 2012 revised Atlanta

classification (Sarr et al., 2013; Thoeni, 2012; Banks et al.,

2013). The standards for conservative treatment of pancreatitis

were based on international guidelines (Tenner et al., 2013;

Working Group IAP/APA Acute Pancreatitis Guidelines,

2013). Conservative treatment relies primarily on dietary

treatment with intensive intravenous fluid therapy and

analgesia. Moreover, additional treatment methods were

used depending on concomitant organ impairment and the

patient’s overall clinical condition. The decision to use

interventional treatment for complications of pancreatitis

was made after careful consideration of the clinical picture

and imaging results, mostly contrast-enhanced abdominal

computed tomography (CECT) images. In the case of

qualification for interventional treatment, endoscopic

techniques are the method of choice at our center (Jagielski

and Jackowski, 2021a; Jagielski and Jackowski, 2021b).
Study inclusion criteria

All symptomatic patients with PPFs in the course of acute or

chronic pancreatitis were included in the study. Qualification for

endoscopic treatment was based on the clinical picture and

imaging results, mainly based on CECT of the abdomen and

magnetic resonance imaging (MRI).
Study exclusion criteria

Patients with PPFs without clinical signs associated with the

presence of a fistula or with PPFs that were not a consequence of

pancreatic inflammatory disease (acute or chronic pancreatitis)

were excluded from the study. Patients who underwent surgery

in the pancreatic region were also excluded.
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Management strategy in patients with
post-inflammatory pancreaticopleural
fistula

Pleural fluid puncture with determination of amylase levels

and passive drainage of the pleural cavity was performed in all

patients with pancreatitis and suspected PPF based on the

clinical picture and imaging. If pleural amylase activity

exceeded 1000 U/l, the patient was diagnosed with PPF and

referred for endoscopic treatment with transpapillary ERCP

(through the major duodenal papilla). If transpapillary access

was not possible, transmural access (through the wall of the

upper gastrointestinal tract) was obtained under endoscopic

ultrasound (EUS) guidance. Endoscopic drainage of the

collection was performed in patients with PPFs and PPFCs.

Somatostatin infusion was administered at a dose of 3.5

micrograms/kg body weight/hour from the time of diagnosis

of the PPF until completion of pleural drainage.
Endoscopic procedures

Endoscopic procedures were performed under general

anesthesia with tracheal intubation. All patients provided

informed consent for the endoscopic procedures. All

procedures were performed by a single endoscopist, and

entailed carbon dioxide insufflation and the use of a linear

echoendoscope (Pentax EG3870UTK, Pentax Medical, Tokyo,

Japan), duodenoscope (Olympus TJF-Q180V, Olympus

Corporation, Tokyo, Japan), and gastroscope (Olympus GIF-

H185, Olympus Corporation) [16].
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Transpapillary drainage
Attempts to perform ERCP to assess the morphology and

integrity of the MPD and to employ possible endoscopic

treatment were made in all patients with post-inflammatory

PPF treated in our center (Figures 1A–F). In the case of

disruption of the MPD, sphincterotomy (Fusion OMNI

Sphincterotome FS-OMNI-35-480, Cook Endoscopy Inc., North

Carolina, USA) was performed and a pancreatic 5 Fr, 7 Fr, 8.5 Fr,

or 10 Fr endoprosthesis (Zimmon Pancreatic Stent, Cook,

Endoscopy Inc., North Carolina, USA) was introduced into the

MPD and subsequently replaced every 1, 3, 6, 12, or 24 months or

until no contrast leakage outside the duct was identified.

Transmural drainage
If transpapillary access was not possible, transmural access

(through the wall of the upper gastrointestinal tract) was

obtained using the single transluminal gateway technique

(SGT) (Figures 2A–D). Placement of the pancreaticogastric

anastomosis in the form of a transmural cystostomy was

performed under EUS guidance. Anastomosis between the

lumen of the gastrointestinal tract and the fistula canal was

created using a 10 Fr cystotome (Cystotome CST-10, Cook

Endoscopy Inc., North Carolina, USA) and then dilated using

a high-pressure balloon with a diameter of up to 15 mm (Cook

Endoscopy Inc., North Carolina, USA). A transmural 7 Fr or 8

Fr double-pigtail stent (Cook Endoscopy Inc., North Carolina,

USA) was inserted through pancreaticogastrostomy. For active

transmural drainage, a 7 Fr or 8.5 Fr nasal drain (Cook

Endoscopy Inc., North Carolina, USA) was inserted into the

canal of the fistula through pancreaticogastric anastomosis. In

cases of passive transmural drainage, only 7 Fr or 8 Fr double-
A B

D E

C

F

FIGURE 1

(A–F). ERCP with passive transpapillary drainage. The patient with MPD partial disruption (PPF) in pancreatic tail. Contrast medium and guidewire
were introduced to MPD during ERCP (A–C). MPD partial disruption in form of PPF in pancreatic tail became visible as leakage of contrast
beyond the MPD (A–C). During subsequent steps of ERCP the pancreatic stent was introduced along the guidewire (D, E). Pancreatic stent
created bridged the partial disruption of MPD in pancreatic tail (F).
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pigtail stents (Cook Endoscopy Inc., North Carolina, USA) were

used through the transmural anastomosis.

Postoperative period
In the postoperative period, all patients with post-

inflammatory PPF continued to receive somatostatin as a

continuous intravenous infusion at a dose of 3.5 micrograms/

kg body weight/hour until pleural drainage was complete, i.e.,

when the amount of drained pleural fluid did not exceed 50 ml

per day without underwater seal drain.

In patients with active transmural drainage of the PPF, the

nasal drain was rinsed with 50 ml of saline every 4 h. Active

transmural drainage was considered as completed at the end of

pleural drainage, the nasal drain was removed, and a double-

pigtail plastic transmural endoprosthesis was left for passive

transmural drainage of the PPF.
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CECT of the chest and abdominal cavity was performed at the

time of completion of the endoscopic treatment. During follow-up

after the end of endotherapy, control imaging tests (mainly CECT)

were performed every 3, 6, 12, and 24 months and subsequently

every two years if no symptoms were reported. During follow-up

no patient developed contrast induced nephropathy.
Definitions

Partial disruption of the MPD was defined as the flow of

contrast, during ERCP, outside the MPD with contrast filling of

the part of the duct distal to the disruption site.

Complete disruption of the MPD was defined as the flow of

contrast outside the duct without contrast filling of the distal

part of the MPD during ERCP.
A B

DC

FIGURE 2

(A–D). Transmural drainage of PPF. Antegrade endoscopic pancreatography. Fluoroscopic images taken during the endoscopic procedure after
the transmural puncture of the PPF canal (A, B). The administered contrast filled the pleural fistula with a visible infiltration of the contrast into
the pancreatic duct by partial disruption to the MPD (A, B). Transmural drainage of PPF- plastic transmural stent and nasal drain introduced
through the transmural fistula is visible (C, D). Contrast medium administered through the nasal drain filled the PPF canal and was leaking
through the stent into stomach (D).
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Closure of the PPF was defined as a lack of visualization on

imaging of a communication passage that existed earlier between

the lumen of the pleural cavity and the MPD.

Complications of endoscopic treatment were divided into

early complications (occurring up to 30 days after treatment),

evaluated in line with the Clavien-Dindo classification (Clavien

et al., 2009).

Clinical success of endoscopic treatment of post-

inflammatory PPFs was defined as closure of the PPF, absence

of pleural effusion, and lack of clinical signs associated with PPF.

The long-term success of endoscopic treatment of PPFs was

defined as closure of the PPF, absence of pleural effusion, and lack of

clinical signs associated with the PPF during the follow-up period.
Statistics

All statistical calculations were performed using

STATISTICA data analysis software (StatSoft Inc., 2014).

Quantitative variables are presented as arithmetic means and

minimal and maximal values (ranges), whereas qualitative data

are presented as means of numbers and percentages.
Results

A total of 882 (556 men, 326 women; mean age 54.44 [19–

101] years) patients with pancreatitis were treated at the

Department of General, Gastroenterological and Oncological

Surg+ery, Ludwik Rydygier Collegium Medicum in Bydgoszcz,

Nicolaus Copernicus University in Torun between 2018

and 2021.

Post-inflammatory PPF was diagnosed in 22/882 (2.49%)

patients (21 men, 1 woman; average age 49.52 [30–67] years).

None of the patients underwent any surgical intervention before

a diagnosis of PPF was made. Chronic pancreatitis was

diagnosed in 14/22 (63.64%) patients with PPF. The etiology

of pancreatitis in this group of patients was alcohol-related in 16

patients and non-alcoholic in 6 (5 – biliary, 1 – iatrogenic). The

average time from the beginning of the pancreatitis episode until

the diagnosis of PPF was 52 (23–119) days. No further PFs were

found in any of the patients. Detailed clinical characteristics of

the patients are presented in Table 1.

Symptoms suggestive of PPFs were reported in 20/22

(90.91%) patients. Shortness of breath was reported by 17

patients, chest pain by 11 patients and abdominal pain by 13

patients. Furthermore, fever was observed in 4 patients in this

group. Sepsis was diagnosed in 3 patients with PPF (Escherichia

coli and Enterococcus faecalis were the most commonly grown

pathogens). These symptoms are non-specific for PPFs.

Symptomatic PPFCs were found in 15/22 (68.18%) patients

with PPF (pancreatic pseudocyst in 11 patients; walled-off
Frontiers in Cellular and Infection Microbiology 05
pancreatic necrosis in 4 patients). The mean size of collection

was 7.96 (5.44–16.3) cm. Infected PPFCs was revealed in 4/15

(26.67%) patients. The collection was initially sterile in 11/15

(73.34%) patients.

In all 22 patients, the diagnosis of PPF due to pancreatitis

was made based on CECT of the chest, abdomen, and pelvis, as

well as amylase high activity in the pleural fluid. The average

amylase activity in the pleural fluid was 9883 (1221–230000) U/l.

In 19/22 (86.36%) patients, PPF communicated with the left

pleural cavity; in 3/22 (13.64%) patients with the right pleural

cavity. Pleural cavity drainage was performed in all 22 patients.

The mean drainage time was 5 (3–17) days.

All 22 patients with post-inflammatory PPFs were referred

for endoscopic treatment. Transpapillary access to the PPF

(anatomically through the major duodenal papilla) was

achieved in 21 patients. In one patient, extraanatomical

transmural/transgastric access was performed due to

inflammatory infiltration of the peripapillary region of the

descending duodenum, which prevented transpapillary access.
TABLE 1 Characteristics of the patients from study group.

All patients
(n=22)

Age, mean [range] years 49.52 [30–67]

Sex, n men (%) 21 (95.45%)

Chronic pancreatitis, n (%) 14 (63.64%)

Etiology of pancreatitis, n (%)

Alcoholic 16 (72.73%)

Non-alcoholic 6 (27.27%)

Symptomatic PPFCs, n (%) 15 (68.18%)

Pancreatic pseudocyst 11

Walled-off pancreatic necrosis 4

CTSI (computed tomography severity index), mean [range]
points

6 [4-10]

Time from the beginning of the pancreatitis episode until
the diagnosis of PPF, mean [range] days

52 [23–119]

PPF localization, n

Pancreatic head 3

Pancreatic body 15

Pancreatic tail 4

Symptoms related with PPF, n

Shortness of breath 17

Chest pain 11

Abdominal pain 13

Fever 4

Method of minimally invasive treatment of PPF, n (%)

Transpapillary drainage (ERCP) 21 (95.45%)

Transmural drainage 1 (4.55)

Complications of interventional treatment, n (%)

Upper gastrointestinal bleeding 3 (13.63%)

Sepsis 1 (4.55%)
frontiersin.org

https://doi.org/10.3389/fcimb.2022.939137
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Jagielski et al. 10.3389/fcimb.2022.939137
ERCP was performed in 21/22 (95.45%) patients, confirming

the presence of PPF. Partial disruption of the MPD (pancreatic

head, 3 patients; pancreatic body, 12 patients; pancreatic tail, 4

patients) communicating with the pleural cavity through a

fistula was found in 19/21 (90.48%) patients. In the remaining

2/21 (9.52%) patients, complete disruption of the MPD was

found in the pancreatic body. All 21 patients underwent

endoscopic sphincterotomy with prosthesis implantation into

the MPD (passive transpapillary drainage). The mean number of

transpapillary replacements of the pancreatic endoprostheses

was 2.55 (1–7). The mean total time endoscopic prostheses

remained in the MPD was 191 (88–712) days.

In 1/22 (4.55%) patients, active transmural/transgastric

drainage of the PPF was used because of inflammatory

infiltration of the peripapillary region preventing ERCP. Active

drainage of the fistula lasted for seven days, followed by passive

drainage for the following 102 days.

Endoscopic transmural drainage, lasting 13 (4–36) days on

average, was performed in all 15 patients with PPFC, followed by

72 (33–367) days of passive transmural drainage.

Procedure-related complications occurred in 4/22 (18.18%)

patients. Three patients required transfusion of packed red blood

cells because of gastrointestinal bleeding (Clavien–Dindo grade

II). Sepsis requiring intravenous broad-spectrum antibiotic

therapy (Clavien–Dindo grade II) was observed during

endotherapy in one patient only. None of the patients required

surgical treatment for complications of endotherapy.

Closure of PPF was confirmed by imaging studies and ERCP

in 21/22 (95.45%) patients. The mean time from diagnosis to

PPF closure was 66 (33–171) days.

Clinical success of endoscopic treatment of post-

inflammatory PPFs was achieved in 21/22 (95.45%) patients.

One patient out of the 22 (4.55%) patients was still undergoing

endotherapy due to complete disruption of the MPD.

Recurrence of PPF was identified in two patients. One

patient with recurrence of PPFC complicated by PPF required

repeated endoscopic treatment. One patient required

thoracosurgical treatment because of recurrence of a PPF

complicated by pleural empyema. Long-term success of

endoscopic treatment of PPFs during one year of follow-up

was achieved in 19/22 (86.36%) patients.
Discussion

The current literature lacks clear guidelines defining an

algorithm for performing diagnostic and therapeutic

procedures in patients with PPFs. Most of the data are derived

from individual case reports or case series, described in this

publication (Ali et al., 2009; Wee et al., 2017; Ramahi et al.,

2019). The present study is the largest case series demonstrating

the effectiveness of various endoscopic techniques in patients

with post-inflammatory PPF available in the literature to date.
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Post-inflammatory PPF is an uncommon but serious

complication of acute and more often chronic alcohol-induced

pancreatitis (Dhebri and Ferran, 2005; Ali et al., 2009; Tay and

Chang, 2013; Wee et al., 2017; Ramahi et al., 2019). The precise

incidence rate of PPF is unknown and its estimation remains

difficult. According to the literature, PPF is diagnosed in

approximately 0.4% of patients with pancreatitis (Dhebri and

Ferran, 2005; Tay and Chang, 2013). In our study, the incidence

rate of PPF in patients with pancreatitis was 2.49% (Dhebri and

Ferran, 2005; Tay and Chang, 2013). However, this is difficult to

interpret in the context of the general incidence rate of PPF in

the entire population of patients with pancreatitis because our

facility is a reference center for the minimally invasive treatment

of inflammatory diseases of the pancreas. A significant number

of patients from the study group had previously been treated in

other clinical centers for pancreatitis and were transferred to our

referral center for the treatment of the sequelae and

complications of pancreatitis.

There are no typical clinical features of post-inflammatory

PPF, making diagnosis difficult. Patients with post-inflammatory

PPF often report severe abdominal pain as the predominant

symptom, accompanied by shortness of breath and chest pain,

which does not unequivocally point to the suspicion of post-

inflammatory PPF based on the clinical picture alone. As shown

in this study, abdominal pain typical of pancreatitis often masks

chest symptoms, which are more characteristic of PPF.

According to the available literature, shortness of breath is the

most common clinical symptom associated with PPF, followed

by abdominal pain, chest pain, cough, hemoptysis, weight loss,

fever, and other non-specific symptoms (Ondrejka et al., 2000;

Dhebri and Ferran, 2005; Oh et al., 2006; Ali et al., 2009; Tay and

Chang, 2013; Wee et al., 2017; Ramahi et al., 2019).

Diagnostic difficulties in this group of patients represent one

of the main problems in determining the exact incidence of PPF

often delaying the correct diagnosis. Non-invasive magnetic

resonance cholangiopancreatography (MRCP) is the most

sensitive and specific diagnostic test for PFs resulting from

disruption of the MPD. On the other hand, suspicion of PF

due to MPD disruption is an indication for ERCP (Devière et al.,

1995; Varadarajulu et al., 2005). In cases where MPD disruption

and the presence of PPF are confirmed during ERCP, an

endoprosthesis may be inserted into the MPD to secure

physiological outflow of pancreatic juice into the lumen of the

duodenum and subsequent PPF closure (Devière et al., 1995;

Varadarajulu et al., 2005; Jagielski et al., 2018a; Jagielski et al.,

2018b). It is also recommended that secretin-stimulated MRCP

(secretin MRCP) should be performed to evaluate MPD when

there is no suspicion of PPF as a result of MPD disruption and

there is no need to apply endoscopic treatment (Matos et al.,

1997; Soto et al., 2001; Punwani et al., 2003). Secretin MRCP is

considered a safe and non-invasive imaging technique that

enables visualization of the entire anatomy of the pancreas,

including the pancreatic ducts (Matos et al., 1997; Soto et al.,
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2001; Punwani et al., 2003). Despite the availability of MRCP in

our center, if PPF was suspected based on high amylase activity

in the pleural fluid, we performed ERCP without confirming the

diagnosis using MRCP. If the presence of PPF was confirmed

during ERCP, endoscopic sphincterotomy was performed with

implantation of a prosthesis into the MPD. This study

demonstrates that such a diagnostic and therapeutic algorithm

in patients with post-inflammatory PPF is associated with

effective treatment and low likelihood of complications.

Disruption to the MPD or smaller pancreatic ducts, leading

to leakage of pancreatic juice outside the pancreatic ducts, is the

most important factor in the pathophysiology of PFs (Larsen and

Kozarek, 2014; Jagielski et al., 2018a; Jagielski et al., 2018b).

Disruption of the pancreatic ducts on the anterior surface of the

pancreas usually leads to the development of a PPF and

manifests as pancreatic ascites. Disruption of the pancreatic

ducts on the posterior surface of the pancreas leads to the

formation of a PPF with pancreatic juice leaking into the

pleural cavity. In the case of PFs, pancreatic juice usually

spreads retroperitoneally to pleural cavities through the paths

of least resistance, that is, through the aortic or esophageal hiatus

(Dhebri and Ferran, 2005; Ali et al., 2009; Tay and Chang, 2013).

Transdiaphragmatic communication is very rare (Dhebri and

Ferran, 2005; Ali et al., 2009; Tay and Chang, 2013).In most

patients with PPFs, fluid is found in the left pleural cavity, and

less often on the right side or bilaterally (Ondrejka et al., 2000;

Dhebri and Ferran, 2005; Oh et al., 2006; Ali et al., 2009; Tay and

Chang, 2013).As presented above, with post-inflammatory PPFs,

pancreatic juice can leak directly into the pleural cavities from

the site of the pancreatic ducts disruption. The pathophysiology

is different in patients with post-inflammatory PPFC

complicated by PPF. In such cases, pancreatic juice leaks into

the lumen of the collection, which communicates with the

pleural cavity through a PF. In this study, symptomatic PPFCs

were found in most patients with PPFs caused by pancreatitis,

the most common finding being a pancreatic pseudocyst in the

course of chronic pancreatitis.

In this study, it was shown that in patients with PPFCs

complicated by PPF, endoscopic transmural drainage of the

collection resulted in closure of the fistula canal. Similar

observations were found in a group of patients with PPFCs

complicated by pancreaticocolonic fistula, in which effective

drainage of the collection resulted in regression of the

intestinal fistula (Jagielski et al., 2018).

In the largest study on the endotherapy of post-

inflammatory PPFs available in the literature, Wroński et al.

presented the results of treatment of eight patients (Wronski

et al., 2011). Endoscopic treatment was applied during ERCP in

seven patients; in one patient, the major duodenal papilla could

not be found and cannulation failed, and the patient underwent

surgical treatment (Wronski et al., 2011). In our study, 22

patients with post-inflammatory PPFs were treated

endoscopically. Transpapillary drainage was performed during
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ERCP in 21 patients; in one patient, the duodenal papilla major

could not be accessed, and effective extraanatomical

(transmural) drainage of the PPF was performed. Thus, it was

demonstrated that surgical treatment can be prevented through

the application of advanced endoscopic techniques such as

extraanatomical transgastric drainage.

In the aforementioned work, Wroński et al. (Wronski et al.,

2011) noted the technical success of the ERCP procedure in

seven (87.5%) patients, although three patients required

subsequent surgery due to failed endoscopic treatment

(ineffective transpapillary drainage and superinfection of the

pleura or pancreatic collections). Ultimately, clinical success of

endotherapy was achieved in 4 (50%) patients (Wronski et al.,

2011). In our study, technical success of endoscopic surgery was

achieved in all 22 patients. However, clinical success of

endotherapy was achieved in 21 (95.45%) patients, and long-

term success of endoscopic treatment of PPFs was noted in 19

(86.36%) patients.

In our opinion, the poor results of endoscopic treatment

reported by Wroński et al. (Wronski et al., 2011) are associated

with difficult anatomical conditions due to chronic pancreatitis

found during ERCP in the study population. In only one (12.5%)

patient, it was possible to properly introduce pancreatic

endoprosthesis during ERCP so that it covered the site of

disruption (Wronski et al., 2011). In the remaining six

patients, placement of the pancreatic stent failed because

intraductal stones and ductal strictures precluded its passage

or the stent was too short to reach the fistula located in the distal

part of the pancreas (Wronski et al., 2011). In our study, no such

abnormalities were encountered during ERCP, which would

prevent the proper int roduc t ion of a pancrea t i c

endoprosthesis. Moreover, Wroński et al. (Wronski et al.,

2011) showed that in patients with post-inflammatory PPF,

complete disruption of the MPD in the pancreatic body and

leakage into the left pleural cavity were the most common

findings. In our study, both the body and tail were the most

common locations of PPF with leakage into the left pleural

cavity. However the majority (90.48%) of patients suffered from

partial disruption of the MPD, which enabled stenting of the

disruption using pancreatic endoprosthesis and, consequently,

led to better results of endoscopic treatment. Partial disruption

of the MPD is associated with better outcomes of endotherapy

compared to complete disruption of the MPD (Devière et al.,

1995; Varadarajulu et al., 2005; Jagielski et al., 2017; Jagielski et

al., 2018a; Jagielski and Jackowski, 2021a). Although

endotherapy is a more effective treatment method in cases of

partial disruption of the pancreatic duct compared with total

disruption in patients with pancreatitis, we believe that stenting

of the MPD should also be applied in patients with complete

duct disruption (Jagielski et al., 2018b; Jagielski et al., 2021a;

Jagielski et al., 2017). However, it should be noted that most

patients with complete MPD disruption require permanent

passive transmural drainage in addition to passive
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transpapillary drainage (stenting of the MPD), especially in cases

of pancreatic fragmentation (disconnected duct syndrome)

(Jagielski et al., 2017; Jagielski et al., 2018a; Jagielski et al.,

2018b; Jagielski and Jackowski, 2021a).

The results of our study make an important contribution to

the current state of knowledge, as there is currently no consensus

regarding the optimal treatment for patients with post-

inflammatory PPFs. According to literature, conservative

treatment should be the first-line treatment (Dhebri and Ferran,

2005; Ali et al., 2009; Tay and Chang, 2013). Interventional

treatment using minimally invasive techniques may only be

initiated if conservative management is ineffective (Dhebri and

Ferran, 2005; Ali et al., 2009; Tay and Chang, 2013). In the case of

ineffective minimally invasive methods, surgery remains the

treatment of choice (Dhebri and Ferran, 2005; Ali et al., 2009;

Tay and Chang, 2013). The diagnostic and therapeutic algorithms

presented in this study appear optimal for patients with post-

inflammatory PPFs. In patients with confirmed pancreatitis, the

detection of a pleural effusion on imaging requiring

thoracocentesis with high amylase activity in the drained fluid is

sufficient for the diagnosis of post-inflammatory PPF and for the

implementation of treatment, particularly when this coexists with

post-inflammatory PPFCs. In our study, the first-line treatment in

patients with post-inflammatory PPF was endotherapy in

combination with pharmacotherapy. In the literature, treatment

often begins with conservative management, and a decision to

perform ERCP is made only where conservative management is

ineffective (Tay and Chang, 2013; Dhebri and Ferran, 2005; Ali

et al, 2009). In contrast to previous reports, in this study, ERCP

was performed in all patients with post-inflammatory PPFs, which

confirms the diagnosis and also allows the implementation of

treatment to decompress the pancreatic duct system and restore

the outflow of pancreatic juice to the duodenum.

The main limitations of our study include the lack of

randomization and the fact that the study was conducted on a

selected group of patients from a single center. Although our

study presents the experience of a single center, the fact that all

endoscopic procedures were performed by a single endoscopist

may be considered a strength of the study as this enables a

reliable comparison of the results of endoscopic treatment.

In summary, regardless of the clinical situation, the

management of patients with post-inflammatory PPFs should

begin with the use of minimally invasive techniques, often

combined with intensive conservative treatment. The study

showed that endoscopic techniques, such as minimally

invasive treatment, in patients with post-inflammatory PPF are

effective. Transpapillary drainage (stenting of the MPD) was the

preferred method. If transpapillary drainage is not possible,
Frontiers in Cellular and Infection Microbiology 08
transmural drainage of the PPF remains the management of

choice. In patients with PPFS complicated by PPF, drainage of

the collection through endoscopic transmural drainage leads to

closure of the fistula canal.
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M. (2001). Traumatic disruption of the pancreatic duct: diagnosis with MR
pancreatography. AJR. Am. J. Roentgenol. 176 (1), 175–178. doi: 10.2214/
ajr.176.1.1760175

Tay, C. M., and Chang, S. K. Y. (2013). Diagnosis and management of
pancreaticopleural fistula. Singapore. Med. J. 54 (4), 190–194. doi: 10.11622/
smedj.2013071

Tenner, S., Baillie, J., DeWitt, J., Vege, S. S.American College of
Gastroenterology (2013). American College of gastroenterology guideline:
Management of acute pancreatitis. Am. J. Gastroenterol. 108 (9), 1400–1416.
doi: 10.1038/ajg.2013.218

Thoeni, R. F. (2012). The revised Atlanta classification of acute pancreatitis: its
importance for the radiologist and its effect on treatment. Radiology. 262 (3), 751–
764. doi: 10.1148/radiol.11110947

Varadarajulu, S., Noone, T. C., Tutuian, R., Hawes, R. H., and Cotton, P. B.
(2005). Predictors of outcome in pancreatic duct disruption managed by
endoscopic transpapillary stent placement. Gastrointest. Endosc. 61 (4), 568–575.
doi: 10.1016/s0016-5107(04)02832-9

Wee, E., Anastassiades, C., and Yip, B. C. (2017). Endoscopic treatment of a
pancreaticopleural fistula associated with a tension hydrothorax. J. Dig. Dis. 18 (5),
309–312. doi: 10.1111/1751-2980.12467

Working Group IAP/APA Acute Pancreatitis Guidelines (2013). IAP/APA
evidence-based guidelines for the management of acute pancreatitis. Pancreatol.
13 (4), e1–15. doi: 10.1016/j.pan.2013.07.063

Wronski, M., Slodkowski, M., Cebulski, W., Moronczyk, D., and Krasnodebski,
I. W. (2011). Optimizing management of pancreaticopleural fistulas. World. J.
Gastroenterol. 17 (42), 4696–4703. doi: 10.3748/wjg.v17.i42.4696
frontiersin.org

https://doi.org/10.1097/MPA.0b013e3181870ad5
https://doi.org/10.1097/MPA.0b013e3181870ad5
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1016/j.surg.2005.05.001
https://doi.org/10.1016/j.hpb.2020.11.1148
https://doi.org/10.1007/s00534-007-1301-y
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1016/s0016-5107(95)70048-x
https://doi.org/10.3390/jcm10040761
https://doi.org/10.1155/2021/4351151
https://doi.org/10.1016/j.pan.2016.11.004
https://doi.org/10.1007/s00464-018-6032-4
https://doi.org/10.1007/s00464-018-6255-4
https://doi.org/10.3390/jcm9010117
https://doi.org/10.1111/jgh.12574
https://doi.org/10.1148/radiology.203.2.9114101
https://doi.org/10.1016/j.suc.2007.08.008
https://doi.org/10.1016/j.suc.2007.08.008
https://doi.org/10.1007/s10620-006-3073-7
https://doi.org/10.1055/s-2000-7443
https://doi.org/10.1007/s00330-002-1605-x
https://doi.org/10.7759/cureus.4984
https://doi.org/10.1016/j.suc.2013.02.012
https://doi.org/10.2214/ajr.176.1.1760175
https://doi.org/10.2214/ajr.176.1.1760175
https://doi.org/10.11622/smedj.2013071
https://doi.org/10.11622/smedj.2013071
https://doi.org/10.1038/ajg.2013.218
https://doi.org/10.1148/radiol.11110947
https://doi.org/10.1016/s0016-5107(04)02832-9
https://doi.org/10.1111/1751-2980.12467
https://doi.org/10.1016/j.pan.2013.07.063
https://doi.org/10.3748/wjg.v17.i42.4696
https://doi.org/10.3389/fcimb.2022.939137
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Endoscopic treatment of pancreaticopleural fistulas
	Introduction
	Materials and methods
	Study inclusion criteria
	Study exclusion criteria
	Management strategy in patients with post-inflammatory pancreaticopleural fistula
	Endoscopic procedures
	Transpapillary drainage
	Transmural drainage
	Postoperative period

	Definitions
	Statistics

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


