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ABSTRACT
Purpose: Multiple attempts have been made to manage the pancreatic stump and the pancreatic
duct in order to reduce the rate of postoperative pancreatic fistula (POPF) after pancreaticoduodenec-
tomy (PD), however radiofrequency-based technologies could help to achieve this goal. Previous
encouraging clinical and experimental results support the use of endoluminal thermal ablation (ETHA)
of the main pancreatic duct to reduce pancreatic exocrine secretion and hence POPF. We here
describe our initial clinical experience with ETHA of the main pancreatic duct in two cases at high risk
of POPF.
Methods: Two cases underwent PD for malignancy with a high risk of POPF (adenocarcinoma, obese
patients, surgical difficulties with heavy intraoperative blood loss, soft pancreas or walled-off pancrea-
titis and a tight small pancreatic main duct). In both cases, ETHA of the main pancreatic duct was con-
ducted intraoperatively just before Blumgart-type pancreatic-jejunal anastomosis using a ClosureFast
catheter (Medtronic, Mansfield, MA, USA) normally used for varicose vein treatment (therefore an off-
label use).
Results: Although a clear radiological POPF was detected in the second case, the clinical postoperative
course in both cases was uneventful. Little pancreatic fluid collected in the abdominal drainage with
low levels of amylase enzyme, confirming low exocrine pancreatic function. No other procedure-
related complications were detected.
Conclusion: Endoluminal thermal ablation of the main pancreatic duct may be a feasible and safe
technique to reduce the adverse effects of POPF after PD.
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1. Introduction

Postoperative pancreatic fistula (POPF) remains the most
important complication and cause of procedure-related
death after pancreaticoduodenectomy (PD) [1,2]. Although
several alternatives have been described, the pancreatic rem-
nant is usually sutured to the gastrointestinal tract, which
means that the incidence of POPF remains high [1].
Pancreatico-enteric anastomosis therefore still continues to
be challenging and suggests that a more effective technique
should be developed to avoid this complication. Some risk
factors related to POPF include a high body mass index
(BMI), long operative time, heavy blood loss as well as pan-
creatic texture and the diameter of the main pancreatic duct
[3]. In a prospective randomized study, POPF was reported in
42% of cases of soft pancreas and main pancreatic duct
diameter < 3mm, with a reoperation rate of 10% [4].

Although many techniques developed to avoid POPF
have been described in the literature, such as occlusion of
the main pancreatic duct by glue or ligation, the incidence
of this complication remains high. Our experience with a
porcine experimental model suggests that radiofrequency
(RF) energy can be more effective in closing the pancreatic
stump than a mechanical stapler [5,6]. We recently reported
that endoluminal thermal ablation (ETHA) of the main pan-
creatic duct in pigs using an RF bipolar catheter can be
more effective than glue in occluding the duct, as shown by
the degree of atrophy and fewer postoperative pancreatic
fistulas [7]. All these findings suggest that an energy-based
high-temperature ablative technique could be used to
occlude the main pancreatic duct during PD, just before pan-
creatico-enteric anastomosis, in order to reduce the risk of
POPF. We here describe two clinical cases in which ETHA
was conducted for this purpose.

CONTACT Eva M. Pueyo-P�eriz epueyoperiz@gmail.com Hospital del Mar (Consorci Mar Parc de Salut), Passeig Mar�ıtim de la Barceloneta, 25-29,
Barcelona, 08003, USA
� 2021 The Author(s). Published with license by Taylor & Francis Group, LLC
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTERNATIONAL JOURNAL OF HYPERTHERMIA
2021, VOL. 38, NO. 1, 755–759
https://doi.org/10.1080/02656736.2021.1917703

http://crossmark.crossref.org/dialog/?doi=10.1080/02656736.2021.1917703&domain=pdf&date_stamp=2021-05-03
http://orcid.org/0000-0003-3129-3208
http://orcid.org/0000-0003-2201-4545
http://orcid.org/0000-0001-6453-9361
http://orcid.org/0000-0001-8097-8110
http://orcid.org/0000-0002-3247-2665
http://orcid.org/0000-0001-9146-9004
http://orcid.org/0000-0002-7902-3920
http://orcid.org/0000-0003-3038-0086
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/02656736.2021.1917703
http://www.tandfonline.com


2. Methods

2.1. Human subjects

The two reported cases are included in a retrospective
review which was approved by the Clinical Research and
Ethics Committee of the Hospital del Mar (Barcelona, Spain)
and conducted in accordance with principles of the
Declaration of Helsinki. The informed consent requirement
was not necessary in this case but the removal of any
patient identifier was ensured.

2.2. Ablative technique

Endolumnal thermal ablation (ETHA) of the main pancreatic
duct was performed by the off-label use of the ClosureFast
system (Medtronic, Mansfield, MA, USA), originally designed
to treat varicose veins [8]. The ClosureFast applicator consists
of a 7 F catheter with a coil on its surface which is heated by
the passage of RF current through the coil itself [9]. This
means that no electrical RF current flows into the tissue and
heat is applied only to the tissue surrounding the device, so
that the term “radiofrequency ablation” applied to the
ClosureFast system may be confusing. In both clinical cases
several overlapped 60-s applications were applied to the
main pancreatic duct programming a target temperature of
120 �C (see video in supplementary material). The catheter
was fully inserted through the pancreatic duct and slowly
withdrawn during the double heating cycles (see Figure
1(a)), as in treating varicose veins, avoiding ablation over the
last proximal centimeter. After completing the ablation zone
around the main pancreatic duct, a pancreatico-enteric anas-
tomosis was conducted (see Figure 1(b)).

3. Results

3.1. Case 1

A 56-year-old man with a BMI of 30.2 was admitted to our
center (Hospital del Mar-IMIM, Barcelona, Spain) with painless
jaundice in February 2020. Computerized tomography (CT)

showed a 2.7 cm mass in the pancreatic head, considered as
resectable. Abdominal magnetic resonance (MR) revealed a
main pancreatic duct <2mm in diameter. A biliary stent was
endoscopically placed to reduce jaundice and PD was indi-
cated. During surgery, an important peripancreatic and liver
hilum edema component was observed mainly due to the
cancer itself and the biliary stent associated with very soft
pancreas texture. As the association of a long intervention
(almost 5 h), soft pancreas and confirmation of the main pan-
creatic diameter <2mm suggested a very high likelihood of
developing POPF, we decided to perform ETHA of the main
pancreatic duct prior to Blumgart-type pancreatico-jejunal
anastomosis with abdominal drainage. The postoperative
period was uneventful, with slightly elevated amylase levels
(40 IU/L) in the drainage fluid on the 3rd postoperative day,
with a mean drainage output of 20 cc per day and a normal
CT scan (Figure 2(a)). Drainage was removed on the 10th
postoperative day and the patient was discharged 2 days
later. Histopathological examination revealed a pT3N1 mod-
erately differentiated adenocarcinoma with all margins being
negative. One month after surgery, fecal elastase was 64m
lg/gr, demonstrating exocrine pancreatic insufficiency due
to ETHA. To date, the patient has had no further symptoms
related to exocrine pancreatic insufficiency such as steator-
rhea or the need for substitute pancreatic enzymes.

3.2. Case 2

A 58-year-old man with a BMI of 31.2 was admitted to our
center with epigastric pain, oral intolerance and weight loss.
CT showed a 3.6 cm mass in the uncinate process of the pan-
creas infiltrating the duodenum and a main pancreatic duct
< 2mm in diameter. The tumor was assessed as resectable
and the patient was scheduled for PD. Dissection of the pan-
creas was challenging, mainly due to a desmoplastic reaction
of the liver hilum and upper border of the pancreatic head
and deep extension of the tumor to the mesopancreas. After
sectioning the pancreatic neck, an extremely soft fragile pan-
creas remnant and a pancreatic duct <2mm were observed.
Considering the very high risk of POPF, we performed ETHA

Figure 1. (a) Endolumnal thermal ablation (ETHA) of the main pancreatic duct conducted using the ClosureFast system (Medtronic, Mansfield, MA, USA). (b) Once
completed the ablation zone around the main pancreatic duct, pancreatico-enteric anastomosis was conducted.
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of the main pancreatic duct prior to Blumgart-type pancre-
atic-jejunal anastomosis. Amylase determination in the
abdominal drainage on the 3rd postoperative day was
193 IU/L with drainage output of 15 cc/day. A CT scan was
thereafter performed, observing complete dehiscence of the
pancreatic-jejunal anastomosis (Figure 2#). Despite the
dehiscence, the postoperative course was uneventful with
the progressive reduction of drainage output.
Histopathological examination showed a mixed neuroendo-
crine-adenocarcinoma pT3N1 tumor with free margins. At
1month after surgery, fecal elastase was <15 lg/gr.

4. Discussion

POPF is still a relevant complication after pancreatic resection
and can lead to severe secondary complications such as
intra-abdominal abscess, hemorrhage, lengthy hospital stays
and impaired patient quality of life [2]. Several attempts
have been made in the past to reduce POPF, including liga-
tion, section and injecting glue into the pancreatic duct [10].
However, none of these techniques have been shown to be
more effective than pancreatic-enteric anastomosis to man-
age the pancreatic stump after PD [2]. In fact, similar compli-
cation rates were found with no differences in exocrine
insufficiency rates in a recent randomized controlled PD trial
comparing glue occlusion versus pancreaticojejunostomy.
Other sealing methods, such mechanical staples or conven-
tional ligatures have provided similar results [6,11].

Our group investigated the efficacy of ETHA in managing
the pancreatic stump and occluding the main pancreatic

duct in pigs, achieving exocrine pancreatic atrophy [7]. ETHA
has also been shown to be clinically effective for vessel
occlusion, as in the treatment of varicose veins. In this set-
ting, this study reports what we believe to be the first cases
of ETHA of the pancreatic duct after PD in humans. ETHA
effectiveness seems to be based on the shrinkage of the ves-
sel wall and more specifically on achieving the denaturation
of collagen and other proteins by a controlled rise of tem-
perature using a technique that has achieved complete
occlusion of 98.4% of the vessels [12,13]. Given the morpho-
logical similarity in the structure of the vessels and the pan-
creatic duct, we considered that an efficient ETHA could
achieve complete obstruction of the pancreatic duct and
eliminate the exocrine function, thus avoiding POPF in the
absence of functional exocrine secretion.

As in our previous success with ETHA in animal models
for distal pancreatectomy, the effectiveness of this procedure
was shown by the complete occlusion of the major pancre-
atic duct observed in all the animals during necropsy when
compared with glue occlusion [7,14]. Our previous study
with animal models had also shown that ETHA was a safe
technique, as none of the animals suffered pancreatitis or
endocrine insufficiency [7].

The two patients subjected to ETHA were obese, pre-
sented surgical difficulties and had a very soft pancreas tex-
ture with a small main pancreatic duct, all of which are
recognized high-risk POPF factors, and pathological examin-
ation of the specimen revealed a fatty infiltration of the pan-
creatic parenchyma. As the probability of these patients’
developing POPF could be as high as 50% [2,15] we decided
to perform ETHA in these 2 cases while preserving the last

Figure 2. Early (a,c) and late (b,d) postoperative CT scans of cases 1 (a,b) and 2 (c,d).
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1 cm of the main pancreatic duct to perform pancreato-
enteric anastomosis.

The technical success of the procedure was clear in the
early postoperative CT scan performed at 7 days from the
surgery, which detected a hypodensity line along the main
pancreatic duct related to ETHA (Figure 2(a,c)). At 1 and
6months after the procedure CT images showed only a
slight atrophy of the pancreatic parenchyma (Figure 2(b,d)).
In both cases, a clinical follow-up of 8 and 9months was car-
ried out, respectively. Safety is paramount when introducing
new indications of a technique. As in our previous experi-
mental studies [7], neither of the present two cases showed
technique-complications during the follow-up, such as pan-
creatitis or pancreatic endocrine insufficiency. We also per-
formed pancreatico-enteric anastomosis with a duct-mucosa
suture while maintaining the vitality of the last centimeter of
the pancreatic duct.

Interestingly, the second case showed a radiological
image of pancreatic fistula. Figure 2# clearly shows dehis-
cence between the jejunum and the pancreatic margin. In
this patient, a clinically relevant POPF was expected with a
high amylase level in the drainage fluid. However, on the
contrary, the amylase drainage level was only slightly ele-
vated (193 IU/L) and the POPF evolved without complica-
tions, while a scarce amount of pancreatic fluid collected in
the drainage, with a mean of almost 15 cc/day, thus confirm-
ing the effectiveness of ETHA. On the late postoperative CT
image (6months), we found that this dehiscence was almost
completely resolved (Figure 2(d)).

We have therefore shown that ETHA significantly reduces
the exocrine function of the pancreas. Using fecal elastase
levels at 30 postoperative days as a marker of exocrine func-
tion both patients had low levels (< 200 lg/g), which we
associate with the POPF’s low clinical relevance. Six months
after surgery, the patients have had no further symptoms
related to exocrine pancreatic insufficiency such as steator-
rhea or the need for substitute pancreatic enzymes, in spite
of the fact that clinically diagnosed pancreatic insufficiency is
observed in approximately 25� 50% of those following a
PD [14].

ETHA can be potentially delivered intraoperatively as
described in this report or preoperatively through an endo-
scopic approach. In this case, the catheter could be intro-
duced (as per endoscopic retrograde
cholangiopancreatography, ERCP) through the papilla and
gently advanced into the Wirsung duct, as has been
described in treating endoluminal pancreatic tumors [15].
This technique could become relevant in high risk POPF with
a small main pancreatic duct and a soft/friable pancreatic
parenchyma, as in the 2 previously described cases.
However, the technique should be further improved, since
none of the existing catheters were specifically developed
for the main pancreatic duct. Should ETHA be widely
adopted for this procedure, in the future different catheter
sizes should be available to better fit the main pancreatic
duct. However, these results are insufficient to draw firm
conclusions, although these promising data merit being

confirmed in future controlled studies which we plan to carry
out.

5. Conclusions

This study has shown that ETHA of the main pancreatic duct
could be an alternative technique to reduce the adverse
effects of POPF after PD. These results need to be confirmed
by longer series and randomized trials.
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