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Abstract

endoscopic therapy.

Background: This study evaluates preliminary results of image-guided percutaneous direct pancreatic duct inter-
vention in the management of pancreatic fistula after surgery or pancreatitis when initially ineligible for surgical or

Methods: Between 2001 and 2018 the medical records of all patients that underwent percutaneous pancreatic duct
intervention for radiographically confirmed pancreatic fistula initially ineligible for surgical or endoscopic repair were
reviewed for demographics, clinical history, procedure details, adverse events, procedure related imaging and labora-
tory results, ability to directly catheterized the main pancreatic duct, and whether desired clinical objectives were met.

Results: In 10 of 11patients (6 male and 5 female with mean age 60.5, range 39-89) percutaneous pancreatic duct
cannulation was possible. The 10 duct interventions included direct ductal suction drainage in 7, percutaneous duct
closure in 3 and stent placement in 1. Pancreatic fistulas closed in 7 of 10, 2 were temporized until elective surgery,
and 1 palliated until death from malignancy. The single patient with failed duct cannulation resolved the fistula with
prolonged catheter drainage of the peri-pancreatic cavity. There were no major adverse events related to intervention.

Conclusion: In patients with pancreatic fistulas initially ineligible for endoscopic therapy or elective surgery, direct
percutaneous pancreatic duct interventions are possible, can achieve improvement without major morbidity or mor-

tality, and can improve and maintain the medical condition of patients in preparation for definitive surgery.
Keywords: Pancreas, Postoperative complications, Stent, Suction drainage, Therapeutic embolization

Background

Pancreatic duct disruption can cause a leak of secretions
and result in a pancreatic fistula, whether internal or
external (if it reaches skin). Postoperative pancreatic fis-
tula (POPF) or fistula caused by pancreatitis can be com-
plicated by peri-pancreatic inflammation and infection,
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sepsis, hemorrhage, walled-off necrosis (WON) or dis-
connected pancreatic duct syndrome (DPDS). Pancre-
atic fistulas may need prolonged peri-pancreatic fluid
collection (PFC) drainage and hospitalization, additional
endoscopic or percutaneous procedures, or abdominal
surgery. Management of pancreatic fistulas can be chal-
lenging in those with disruption of the main pancre-
atic duct or anastomotic fistula. Surgical management
is often limited because of medical co-morbidities and
increased perioperative morbi-mortality. Endoscopy is
the first line therapy in managing pancreatic fistulas but
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its role may be limited in cases of DPDS or following gas-
troduodenal surgery [1]. While percutaneous drainage of
PEC is widely utilized, a focal disruption of the duct can
be an uncontrolled source of pancreatic secretions that
can interfere with healing. Percutaneous interventions
of the main pancreatic duct have been described but the
experience reported is limited [2—4]. This study evaluates
the feasibility, safety, and efficacy of percutaneous direct
pancreatic duct interventions in the management of duct
fistulas that were ineligible for, or had failed surgical and
endoscopic management.

Methods

Patients

Institutional Review Board approval was obtained for this
retrospective medical record review from 2001 to 2018.
The review included all patients with clinically suspected
pancreatic fistula who had fluoroscopic contrast evalua-
tion of surgical or percutaneous drains. Fistulography in
general was performed as previously described to aid in
identification of the presence, location, and anatomy of
the fistula [5]. Patients were included if the pancreatic
duct fistula was confirmed by fluoroscopic observation
of contrast opacification of the pancreatic duct, were not
candidates for surgical or endoscopic management of the
fistula, and then received a direct pancreatic duct inter-
vention. Diagnosis of POPF was based on International
Study Group of Pancreatic Surgery (ISGPS) criteria [6].
For purposes of uniformity in this report the ISGPS pre-
ferred term “fistula” will be adopted both for POPF and
post-pancreatitis leaks, with the understanding that the
ISGPS specifically addresses postoperative leaks and not
leaks after pancreatitis.

Patients were then stratified into either postoperative
or post-pancreatitis in etiology. Amylase assays were
obtained from PFC drainage catheter fluid and were used
to diagnose and guide treatment as has been previously
published [6, 7], and to determine the time for drain
removal. Demographics, clinical data, available imaging
(CT scans, MR, fluoroscopic studies, ERCP), procedural
details, and outcomes were reviewed.

Procedures

Percutaneous fluid collection catheter drainage (guided
with computed tomography or fluoroscopy/sonography
in an interventional angiographic suite) was required
of all patients before attempting pancreatic duct can-
nulation. When needed a percutaneous necrosectomy
(analogous to endoscopic necrosectomy) guided with
fluoroscopy/sonography was also performed to evacuate
the cavity debris (necrotic tissue, fibrinous conglomerates
and/or saponified fat) using large bore drains through
up-sized tracts up to 26 French, multiple saline washings,
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aspiration and evacuation of material with snares and
with rigid forceps.

The access to the site of pancreatic fistula usually was
through the existing percutaneous drain tract. If neces-
sary a new access was created with either of two basic
approaches. For non-anastomotic fistula (typically the
terminal portion of duct after distal pancreatectomy
or mid-duct after enucleation surgery or necrotizing
pancreatitis) the PFC usually provided an anatomically
useful approach but a separate new tract was created if
needed to facilitate catheter manipulations. For anasto-
motic fistulas after pancreato-duodenectomy an enteric
access was necessary to enable trans-anastomotic cannu-
lation. This approach was similar to what an endoscopi-
cally placed trans-anastomotic stent would achieve, and
was created with direct puncture of the jejunal loop, or
through a trans-hepatic tract if a direct enteric access was
not feasible [3, 4]. After the source of fistula was reached
the duct was cannulated with angiographic catheters and
guidewires. Typically a generic short tip angled 5 French
catheter and a hydrophilic guidewire were steered into
the duct, but coaxial 2.4-2.8 French microcatheters and
0.014” guidewires were necessary for very small pancre-
atic duct openings or tight pancreatic anastomoses.

Once in the duct a contrast pancreatogram was
obtained to illustrate the anatomy, which could include
the entire duct, or show only a portion in cases of DPDS.
In most cases, a multi-sidehole catheter (8.5F Dawson-
Mueller drain, Cook Medical, Bloomington, IN) was
positioned straight along the ductal lumen to establish
external suction diversion of pancreatic juice. Catheter
exchanges were performed to resolve catheter dislodge-
ments, migration, or obstruction. The duct external
drainage can be followed by placement stent (7 French,
7 cm, Geenen, Cook Medical Inc., Bloomington, IN) [2],
if the physician determined that ductal continuity could
be reestablished in cases of fistula along the main duct.
For pancreato-jejunostomy anastomosis leak the can-
nulated duct was left to external drainage without other
interventions. Distal pancreatectomy stump fistulas
were treated with n-butyl cyanoacrylate (n-BCA, Trufill,
Cordis Neurovascular Inc., Miami) and/or coil emboli-
zation (Tornado 0.018” or 0.035 with 3—5 mm diameter,
Cook Medical, Inc. Bloomington, IN) of the duct stump.
To stop the production of pancreatic secretions in fis-
tulas from DPDS the isolated duct was occluded with
n-BCA, with additional occlusion with embolization coils
at the interventionalist’s discretion. For fistulas originat-
ing elsewhere along the duct, if the patient’s condition
was improved, and eligibility for surgery was regained,
the ductal cannulation and drainage served to temporize
until surgery. If a patient received a ductal cannulation
to manage a postoperative leak, and later progressed to
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terminal cancer, the ductal external drainage unitl death
was considered successful palliation of the leak.

Following ductal intervention, the patient was followed
with imaging, laboratory and clinical findings and the
final step was to remove all drains. A tube cavitygram
was indicated when the PFC was resolved by CT scan or
other imaging studies, the output was less than 15 cc per
day, and the amylase level decreased to <3 times the nor-
mal level [6]. The PFC drains were removed once the tube
cavitygram confirmed absence of communication with
the duct. Intraductal drains were left in place on continu-
ous suction if the intent was to temporize until surgery.
If surgery or other ductal interventions were not offered
the ductal drain was removed after several weeks to
determine if spontaneous closure of the fistula occurred.
Follow up included a CT scan obtained at 3—6 months
after completion of therapy.

Outcomes analysis

The pancreatic duct interventions had different objec-
tives depending on the clinical presentation. The critical
technical goal was to achieve percutaneous catheteriza-
tion of the pancreatic duct. The clinical objectives of the
interventions included closure of pancreatic fistula, heal-
ing of pancreato-jejunal anastomotic or stump fistula,
stabilization and improvement of the patient’s clinical
condition as a temporizing measure until elective sur-
gery, or control of a postoperative leak in a patient that
developed terminal cancer after pancreatectomy. The
drainage cavity fluid amylase levels and cavity size before
and after completion of treatment with duct interven-
tions were compared.

Adverse events were categorized according to Society
of Interventional Radiology Clinical Practice Guidelines
[8]. Post-procedural 30-day and overall mortality, and
pancreatic fistula recurrence, were identified.

Statistical analysis

Continuous variables were reported as mean (range),
while categorical variables were reported as frequency
(percentage). Continuous variables were compared by
Mann-Whitney U test. All analyses were two-tailed and
the threshold of significance was assessed at p <0.05. The
statistical analysis was performed using IBM SPSS Statis-
tics, version 21, Chicago, IL.

Results

Patients

A total of 11 patients (6 male and 5 female) received a
percutaneous direct pancreatic duct intervention and
were included for analysis (Fig. 1). The mean age was 60.5
(range 39—-89). Of the 11 patients, 7 had postoperative fis-
tula (all ISGPF grade B at baseline and 2 of 7 migrated to
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grade C when pancreatic surgery was performed) and 4
had post-pancreatitis fistula.

The mean duration of PFC drainage was 60.2 days
(range 21-154) before pancreatic duct catheterization.
The mean diameter of PFC was 4.0 cm (range 1-7) and
the mean PFCs drain fluid amylase level was 36,465.5
U/L (range 1,213-134,000 U/L) at the time of catheteri-
zation. Percutaneous necrosectomy was performed in 4
of 11 patients. Of 11 patients, 8 were symptomatic with
abdominal pain in 6, enlarging collection in 5; leukocy-
tosis, fever and chills in 7, and 5 had nausea and vomit-
ing. Three patients were asymptomatic and all had POPFE.
At baseline all 11 patients were considered poor surgical
candidates, 4 of 11 were not eligible for endoscopic man-
agement, and 7 had failed endoscopy efforts. The clinical
history, procedure details and clinical outcomes are pre-
sented in Table 1.

Procedures performed

Percutaneous pancreatic duct cannulation was achieved
with fluoroscopic guidance through the PFC cavity in 7
of 11 patients, through a percutaneous trans-peritoneal
jejunostomy in 2, and through a percutaneous trans-
hepatic jejunostomy in 1 (Fig. 2). Only 1 duct cannula-
tion failed because a guidewire and catheter could not
be inserted into the duct via trans-cavitary approach
(Table 1, case #11). Therefore the technical success rate
for pancreatic duct cannulation was 90.9% (10 of 11).
After duct cannulation, subsequent direct ductal inter-
ventions in 10 patients, included external duct suction
drainage with 8 French Dawson-Mueller multi-sidehole
drains in 7 of 10 (anastomotic fistula in 3, WON in 3, and
tumor enucleation site in 1), duct embolization in 3 of
10 (coils and n-BCA in one DPDS, coils and n-BCA for
one duct stump fistula, and coils only in one duct stump
fistula) (Fig. 3), and stent placement in 1 case of DPDS
(Fig. 4). There were no coil migrations or non-target
n-BCA embolization.

Outcomes

Following direct pancreatic duct intervention, the PFC
cavity resolved completely at a mean of 45.6 days (range
13-117). The mean body fluid amylase level decreased
from 36,466 U/L (range 1,213-134,000) to 113 (range
22-354) before PFCs drain removal (p<0.01). Fistulas
resolved in 7 of 10 (70%) with mean duration of 38 days
(range 7-117) from the time of duct catheterization to
fistula closure. Two patients with DPDS were temporized
until surgery at 47 and 96 days, and 1 patient died of pan-
creatic malignancy 25 days after placement of the ductal
drain, before the POPF had closed, but had effective pal-
liation of the peri-pancreatic inflammation caused by the
pancreatic leak until death. No major adverse events or
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Pancreatic fistula observed fluoroscopically n=19

8 treated endoscopically

Pancreatic fluid collection drainage n=11

Percutaneous necrosectomy

* Postoperative n=1
* Post-pancreatitis n=3

Pancreatic duct catheterization success n=10

v

Transductal intervention n=10

Approach

Postoperative n=7

* Transcavitary n=4

* Transperitoneal jejunostomy n=2
* Transhepatic jejunostomy n=1

Post-pancreatitis n=3
e All transcavitary

Fig. 1 Procedural flowchart for postoperative and post-pancreatitis pancreatic duct fistulas that met inclusion criteria

Procedure

Postoperative n=7
* Continuous suction drainage n=4
* Ductal occlusion n=3

Post-pancreatitis n=3
* Continuous suction drainage n=3
* 1alsoreceived stent

30-day mortality were observed. Minor adverse events
observed in 5 of 10 patients, including drain migrations
and drain obstructions that required catheter exchanges.
For the 10 patients in whom duct catheterization was
achieved the interval from the date of initial PFC drain-
age to the date of removal of all catheters was 105 days
(range 28-181). The single patient for whom the duct
cannulation failed required a very prolonged PFC cath-
eter drainage of 363 days until the fistula finally closed
(Table 1). Mean follow-up time for the 11 patients was
37.4 months (range 1-108). There were no late recur-
rences of pancreatic fistula.

Discussion

The case series presented herein shows that only 11
patients in a facility with a high volume of pancreatic
disease received direct pancreatic duct percutaneous
interventions in an 18-year period, underscoring the
effectiveness of endoscopy, percutaneous catheter drain-
age, surgery or a combination of these well-established
approaches [9-15]. Also, the great majority of patients

with POPF and necrotizing pancreatitis were excluded
because at no time during their management was the
pancreatic duct seen radiologically. This analysis cannot
estimate how often direct duct intervention can be done
because it lacks precise total numbers of postoperative
and post-pancreatitis patients during the 18-year period
studied. We expect that the number of patients that ben-
efit from pancreatic duct cannulation and interventions
will grow with increasing awareness of the interventional
techniques presented in this series.

Endoscopic and percutaneous drainage of PFC have
been compared in the last 10 years. Overall, endoscopic
and percutaneous drainage are similarly effective and
complementary interventions for PFC [9, 16]. When
direct pancreatic duct interventions are needed, endos-
copy is the method of choice. Endoscopic stenting is most
frequently performed, but sometimes it can be techni-
cally challenging or impossible, especially in patients
with DPDS or following gastroduodenal surgery [1].

Pancreatic duct cannulation was done with one or
more of the following objectives: diversion of pancreatic
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Fig. 2 Patient 5 illustrates the technique of percutaneous Roux-en-Y jejunostomy to access the pancreatic duct for management of an anastomotic
fistula after pancreato-duodenectomy. Contrast cavitygram (a) through the percutaneous drain (arrowhead) shows the pancreatic duct (arrow). CT
scan image (b) shows the transhepatic trajectory of the percutaneous catheter (arrowhead) entering the Roux-en-Y afferent jejunal limb (arrow).
After 2 months of continuous suction of pancreatic secretions through the percutaneous catheter contrast injection () shows that the anastomosis
(arrow) is completely healed and the pancreatic duct normally drained into the jejunal limb. The catheter was removed. Follow up CT scan (d)
13 years later shows a normal pancreatojejunostomy (arrow) and all peri-pancreatic inflammation completely resolved

secretions, occlusion of a leaking duct, and/or pancre-
atic duct stent placement. The main reason for direct
duct cannulation was to drain the pancreatic juice at the
source and prevent enzymes from flowing into the peri-
pancreatic space, with the intended effect of reducing the
peri-pancreatic effusion, inflammation, accumulation
of debris, and extent of the fistula, among other conse-
quences. The decision for pancreatic duct percutaneous
interventions was made after discussion with the surgi-
cal and gastroenterology physicians to determine the
potential for repair, resection, or endoscopic treatment
options. It was understood that endoscopic therapy is the

therapy of choice, followed by surgery when appropriate.
Therefore only a minority of patients deemed high-risk
or ineligible for surgery or endoscopy, or who failed such
therapy, were appropriate for percutaneous intervention.

In this group of patients the pancreatic duct cannula-
tion was achieved in 10 of 11. When duct cannulation
is possible, the desired clinical objectives can be met
most patients. It can be argued that with sufficient time
in many cases the fistula will heal with catheter drain-
age alone and direct duct intervention may be unneces-
sary. We certainly have observed this to occur but it may
require a very long time, as illustrated by the single case
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embolization coils (arrow) without recurrence

Fig. 3 Pancreatic duct stump fistula closed with embolization coils. Patient 6 was found to have a distal pancreatectomy stump fistula that
persisted despite endoscopic pancreatic duct stent placement. a Contrast injection into the surgically placed drain shows persistent pancreatic

duct stump fistula. Notice contrast flowing along pancreatic duct and the endoscopic stent is faintly visible (arrow). b Pancreatogram after duct
catheterization shows the percutaneous access sheath placed next to the non-healed duct stump (arrow). ¢ The stump fistula was closed with

of failed duct cannulation in this series that required
1 year of catheter drainage (twice as long as the longest
drain dwell time in the group that received direct duct
cannulation). Our experience shows that when tradi-
tional therapeutic maneuvers fail or are not possible,
percutaneous pancreatic duct intervention substantially
speeds the resolution of the fistula or provides tempori-
zation until surgery.

Diversion of the high output of pancreatic secretions
effectively controlled enzymatic spillage to adjacent tis-
sues. An important advantage of this method (in addition
to diverting the pancreatic juice) is that the drain itself
can also be used to monitor the healing process, identify
when the fistula has closed, and determine the best time
to remove the drain by doing contrast injections through
the catheter. This methodology was used in all 10 patients
with a direct ductal drain (2 temporized until surgery, 7
with ductal intervention as primary therapy, and 1 pal-
liated with direct ductal drainage until death from can-
cer). Minimally-invasive duct occlusion techniques close

pancreatic fistulas quickly and safely, preventing the need
for surgery [17—-19]. Duct occlusion can also simulate the
effect of pancreatectomy of an isolated segment of gland
[4]. In this instance occlusion/embolization renders the
isolated pancreas non-functional and eliminates the fis-
tula (patient #1), which would be the objective of surgi-
cal resection of the expendable portion of pancreas. Full
preservation of the functional pancreas would be best
achieved with a pancreato-jejunostomy or pancreato-
gastrostomy. Interventional techniques can also enable
placement of an internalized endoscopic-type plastic
stent that bridges across both portions of the duct to re-
establish continuity and secretion drainage into the duo-
denum (Fig. 3) [2]. We did not observe any ductal rupture
or pancreatic secretion leaks provoked by duct occlusion
with n-BCA or coils.

Because the study group is small and heterogeneous,
comprising a collection of different clinical settings and
procedures performed, it is speculative to draw broad
clinical conclusions, but it does show that pancreatic
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Fig. 4 Disconnected pancreatic duct syndrome managed with transcavitary duct stent placement. Patient 8 presented with severe necrotizing
pancreatitis. a Coronal reconstruction of abdominal CT scan shows a very large peri-pancreatic walled-off necrosis (WON). b Abdominal radiograph
during contrast injection into the WON cavity 2 weeks of drainage shows improvement but persistence of amorphous filling defects caused by
debris (arrowheads). ¢ Radiograph during percutaneous necrosectomy shows a forceps introduced through a peel-away sheath grasping the large
conglomerates of necrotic and fibrinous material during the process of evacuation. d After resolution of the peri-pancreatic WON a cavitygram
shows communication with the pancreatic duct (arrowheads) through a focal disruption (curved arrow) at the neck of the pancreas. e Plastic stent
in transit through the percutaneous tract is faintly visible as it is advanced in a folded configuration (arrowheads) over parallel guidewires, one
directed towards the pancreatic tail and the other through the ampulla. f CT scan shows the plastic stent appropriately positioned in the pancreatic
duct bridging the head and tail segments of pancreatic duct. After one month the stent was removed endoscopically and 6 months later the
patient had no recurrence of peri-pancreatic abnormalities and no need for pancreatic enzyme supplementation

duct interventions are potentially safe, with only minor
adverse events and no procedure-related 30-day or
delayed mortality in this series. Endocrine and exocrine
function did not worsen as a result of the interven-
tions. There were no identified cases of new onset or
worsening diabetes or worsening of pancreatic enzyme
deficiency in the cases of DPDS, probably because pan-
creatic secretion from the isolated segment had already
stopped reaching the bowel lumen. Other complica-
tions including bleeding, sepsis and peritonitis were
possible but not observed.

Conclusion

Image-guided percutaneous pancreatic duct interven-
tions were possible, achieved the desired clinical objec-
tives in most patients without major morbidity or
mortality, and improved and maintained the medical
condition of patients in preparation for definitive surgery.
This therapy can be considered for patients with pancre-
atic duct fistulas who are ineligible for surgery or have
failed or do not qualify for endoscopic therapy.

Abbreviations

POPF: Postoperative pancreatic fistula; WON: Walled-off necrosis; DPDS:
Disconnected pancreatic duct syndrome; PFC: Peri-pancreatic fluid collec-
tion; ISGPS: International Study Group of Pancreatic Surgery; CT: Computed
tomography; MRI: Magnetic resonance imaging; ERCP: Endoscopic retrograde
cholangio-pancreatography; n-BCA: N-Butyl cyanoacrylate.

Acknowledgements
None.

Author contributions

XL: Conception of the study, data gathering, data analysis, manuscript
preparation, manuscript revision, final approval. RPF: Conception of the study,
data gathering, data analysis, manuscript preparation, manuscript revision,
final approval. WW: Conception of the study, data analysis, manuscript revi-
sion, final approval. BBT: Manuscript preparation, manuscript revision, final
approval. JAS: Manuscript revision, final approval. GTF: Manuscript revision,
final approval. JMM: Manuscript revision, final approval. JHN: Conception of
the study, manuscript revision, final approval. All authors read and approved
the final manuscript.

Funding
XiLi, MD is the recipient of a grant from the China Scholarship Council (CSC)
201806580017.

Availability of data and materials

Data analyzed for this study are included in this article, and can be found in
Table 1 and Figs. 1 through 4. The data generated by and used in the study is
available from the corresponding author upon reasonable request.

Ethics approval and consent to participate
Institutional Review Board approval, Mayo Clinic. Need for participation
consent waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Interventional Radiology Department, The Fifth Affiliated Hospital of Sun
Yat-Sen University, Zhuhai, Guandong, China. ? Division of Interventional
Radiology, Mayo Clinic, Jacksonville, FL 32224, USA. 3 Department of General



Li et al. BMC Gastroenterol (2021) 21:44

Surgery, Mayo Clinic, Jacksonville, FL, USA. * Department of Transplantation,
Mayo Clinic, Jacksonville, FL, USA.

Received: 19 July 2020 Accepted: 18 January 2021
Published online: 28 January 2021

References

1. Larsen M, Kozarek R. Management of pancreatic ductal leaks and fistulae.
J Gastroenterol Hepatol. 2014;29:1361-70. https://doi.org/10.1111/
jgh.12574.

2. Codina J, Gelabert A, Casellas M, Preciado Borreguero D, Huertas C,
Falgueras L, et al. Percutaneous plastic stent insertion for treatment of
disconnected pancreatic duct. J Vasc Interv Radiol. 2017,28:1203-5. https
://doi.org/10.1016/jjvir.2017.04.010.

3. Hirota M, Kanemitsu K, Takamori H, Chikamoto A, Hayashi N, Horino K,
et al. Percutaneous transfistulous pancreatic duct drainage and inter-
ventional pancreatojejunostomy as a treatment option for intractable
pancreatic fistula. Am J Surg. 2008;196:280-4. https://doi.org/10.1016/j.
amjsurg.2007.05.055.

4. Hirota M. Percutaneous transfistulous interventions for intractable pan-
creatic fistula. Radiol Res Pract. 2011. https://doi.org/10.1155/2011/10925
9.

5. Faccioli N, Foti G, Molinari E, Hermans JJ, Comai A, et al. Role of fistulogra-
phy in evaluating pancreatic fistula after pancreaticoduodenectomy. Br J
Radiol. 2012;85(1011):219-24. https://doi.org/10.1259/bjr/12639566.

6. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al.
The 2016 update of the International Study Group (ISGPS) definition
and grading of postoperative pancreatic fistula: 11 years after. Surgery.
2017;161:584-91. https://doi.org/10.1016/j.5urg.2016.11.014.

7. Nguyen JH. Distinguishing between parenchymal and anastomotic
leakage at duct-to-mucosa pancreatic reconstruction in pancreati-
coduodenectomy. World J Gastroenterol. 2008;14:6648-54. https://doi.
0rg/10.3748/wjg.14.6648.

8. Sacks D, McClenny TE, Cardella JF, Lewis CA. Society of interventional radi-
ology clinical practice guidelines. J Vasc Interv Radiol. 2003;14:199-202.
https://doi.org/10.1097/01.rvi.0000094584.83406.3e.

9. Keane MG, Sze SF, Cieplik N, Murray S, Johnson GJ, Webster GJ, et al.
Endoscopic versus percutaneous drainage of symptomatic pancreatic
fluid collections: a 14-year experience from a tertiary hepatobiliary
centre. Surg Endosc. 2016;30:3730-40. https://doi.org/10.1007/50046
4-015-4668-x.

Page 10 of 10

10. Lau ST, Simchuk EJ, Kozarek RA, Traverso LW. A pancreatic ductal leak
should be sought to direct treatment in patients with acute pancreatitis.
Am J Surg. 2001;181:411-5. https://doi.org/10.1016/50002-9610(01)00606
-7.

11. Kozarek RA. Pancreatic endoscopy. Endoscopy. 2008;40:55-60. https://
doi.org/10.1055/5-2007-967043.

12. Kozarek RA, Ball TJ, Patterson DJ, Freeny PC, Ryan JA, Traverso LW.
Endoscopic transpapillary therapy for disrupted pancreatic duct and
peripancreatic fluid collections. Gastroenterology. 1991;100:1362-70.

13. Pearson EG, Scaife CL, Mulvihill SJ, Glasgow RE. Roux-en-Y drainage of a
pancreatic fistula for disconnected pancreatic duct syndrome after acute
necrotizing pancreatitis. HPB (Oxford). 2012;14:26-31. https://doi.org/10.1
111/j.1477-2574.2011.00397 x.

14. Howard TJ, Stonerock CE, Sarkar J, Lehman GA, Sherman S, Wiebke EA,
et al. Contemporary treatment strategies for external pancreatic fistulas.
Surgery. 1998;124:627-33. https://doi.org/10.1067/msy.1998.91267.

15. 1Irani S, Gluck M, Ross A, Gan SI, Crane R, Brandabur JJ, et al. Resolving
external pancreatic fistulas in patients with disconnected pancreatic
duct syndrome: using rendezvous techniques to avoid surgery (with
video). Gastrointest Endosc. 2012;76:586-93. https://doi.org/10.1016/j.
gie.2012.05.006.

16. Azeem N, Baron TH, Topazian MD, Zhong N, Fleming CJ, Kendrick ML.
Outcomes of endoscopic and percutaneous drainage of pancreatic
fluid collections arising after pancreatic tail resection. J Am Coll Surg.
2012;215:177-85. https://doi.org/10.1016/jjamcollsurg.2012.03.015.

17. Seewald S, Brand B, Groth S, Omar S, Mendoza G, Seitz U, et al. Endo-
scopic sealing of pancreatic fistula by using N-butyl-2-cyanoacrylate.
Gastrointest Endosc. 2004;59:463-70. https://doi.org/10.1016/50016
-5107(03)02708-1.

18. Mutignani M, Tringali A, Khodadadian E, Petruzziello L, Spada C, Spera G,
et al. External pancreatic fistulas resistant to conventional endoscopic
therapy: endoscopic closure with N-butyl-2-cyanoacrylate (Glubran 2).
Endoscopy. 2004;36:738-42. https://doi.org/10.1055/5-2004-825672.

19. Sahakian AB, Jayaram P, Marx MV, Matsushima K, Park C, Buxbaum JL.
Metallic coil and N-butyl-2-cyanoacrylate for closure of pancreatic duct
leak (with video). Gastrointest Endosc. 2018;87:1122-5. https://doi.
0rg/10.1016/.gie.2017.08.015.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/jgh.12574
https://doi.org/10.1111/jgh.12574
https://doi.org/10.1016/j.jvir.2017.04.010
https://doi.org/10.1016/j.jvir.2017.04.010
https://doi.org/10.1016/j.amjsurg.2007.05.055
https://doi.org/10.1016/j.amjsurg.2007.05.055
https://doi.org/10.1155/2011/109259
https://doi.org/10.1155/2011/109259
https://doi.org/10.1259/bjr/12639566
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.3748/wjg.14.6648
https://doi.org/10.3748/wjg.14.6648
https://doi.org/10.1097/01.rvi.0000094584.83406.3e
https://doi.org/10.1007/s00464-015-4668-x
https://doi.org/10.1007/s00464-015-4668-x
https://doi.org/10.1016/s0002-9610(01)00606-7
https://doi.org/10.1016/s0002-9610(01)00606-7
https://doi.org/10.1055/s-2007-967043
https://doi.org/10.1055/s-2007-967043
https://doi.org/10.1111/j.1477-2574.2011.00397.x
https://doi.org/10.1111/j.1477-2574.2011.00397.x
https://doi.org/10.1067/msy.1998.91267
https://doi.org/10.1016/j.gie.2012.05.006
https://doi.org/10.1016/j.gie.2012.05.006
https://doi.org/10.1016/j.jamcollsurg.2012.03.015
https://doi.org/10.1016/s0016-5107(03)02708-1
https://doi.org/10.1016/s0016-5107(03)02708-1
https://doi.org/10.1055/s-2004-825672
https://doi.org/10.1016/j.gie.2017.08.015
https://doi.org/10.1016/j.gie.2017.08.015

	Percutaneous direct pancreatic duct intervention in management of pancreatic fistulas: a primary treatment or temporizing therapy to prepare for elective surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients
	Procedures
	Outcomes analysis
	Statistical analysis

	Results
	Patients
	Procedures performed
	Outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


