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Artic{e history: Background: A pancreatic fistula is one of the most devastating
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; B main high despite various modifications to surgical techniques. We
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propose the use of a vascularised muscle flap in the primary pre-
vention of pancreatic fistulas.

Pancreatic fistula Methpd: A distal pancreat.ect'm"ny was performed on 5 pigs in our
Rectus abdominis flap porcine model. A pancreaticojejunal (P]) anastomotic leak was sim-
Whipple's procedure ulated. The pigs were divided into treatment (4 pigs) and control
groups (1 pig). A left pedicled rectus abdominis flap was wrapped
around the PJ anastomosis for the treatment group and omitted for
the control group. Serum and drain amylase levels were recorded.
The PJ-rectus abdominis flap complex was evaluated histologically.
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Results: There was no biochemical evidence of anastomotic leak in
the treatment group. The drain-serum amylase ratio was less than
1.5 in the treatment group (p=0.006). Microscopically, the mus-
cle adjacent to the anastomotic leak showed mild necrotic changes
with an affected muscle depth of less than 10%.
Conclusion: The vascularised rectus abdominis muscle is a durable
flap to withstand proteolytic pancreatic enzymes. It is able to pro-
vide a water-tight seal around the PJ anastomosis and mitigate in-
traperitoneal haemorrhage and infection caused by erosion from
the pancreatic fistula.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

A pancreatic fistula or pancreaticojejunal (P]) anastomotic leak is one of the most feared compli-
cations following a Whipple’s procedure. The incidence of pancreatic fistula ranges between 6% and
24%12 and is associated with a mortality rate of 20%-80%.> Autodigestion and destruction of surround-
ing tissues and vessels by pancreatic proteases can result in devastating intra-abdominal sepsis and
haemorrhage.>*

Various modifications to surgical techniques have been developed to mitigate an anastomotic leak.
These range from changes to anastomotic techniques (e.g., the Blumgart,” invagination® or binding
techniques’), pancreatic duct stenting® and the usage of somatostatin or octreotide. In spite of these
efforts, the rate of pancreatic fistulas has not seen a marked decrease. The omentum flap has been
described in the primary prevention of pancreatic fistulas with varying degrees of success.~!! This
serves as the basis of our proposal for the use of a vascularised muscle flap in an attempt to prevent
pancreatic fistulas.

The rectus abdominis flap is a workhorse flap for perineal reconstruction. It has been described in
the repair of gastrojejunostomy leaks and duodenal perforations.'?13 The rectus abdominis flap has a
robust muscular component, making it more likely to be able to withstand the proteolytic effects of
the pancreatic enzymes, and thus prevent the formation of pancreatic fistula.

By the use of a porcine model, we aim to evaluate the reliability of the rectus abdominis flap in
the primary prevention of pancreatic fistulas.

Methods

Five Yorkshire Landrace Pigs weighing 44 to 80 kg were obtained from a single commercial source
(Sembawang Animal Husbandry and Hospital/National Large Animal Research Facility, Singapore). Ap-
proval of the study was obtained from the Institutional Animal Care and Use Committee (Proto-
col:2021/SHS/1679). Experimentation was performed in compliance with the ARRIVE guidelines and
carried out in accordance with the National Research Council’s Guide for the Care and Use of Labora-
tory Animals.

Surgical Technique
The pigs were divided into a control group (Pig 1) and treatment group (Pigs 2 to 5). A distal pan-

createctomy was performed via a midline laparotomy incision in both groups. A limb of transected
jejunum was then brought up in a roux-en-Y fashion to the remnant proximal pancreas to create a PJ
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Figure 1. A) An illustration depicting our porcine model. A distal pancreatectomy was performed. A PJ anastomosis was cre-
ated with a limb of transected jejunum in a roux-en-Y fashion to the remnant pancreas. A controlled PJ leak was simulated
by intentional omission of the 12 o'clock duct-to-mucosa suture in the Blumgart technique. A left pedicled rectus abdomi-
nis flap was raised based on the superior epigastric system and wrapped around the P] anastomosis. B) A clinical picture
demonstrating the left pedicled rectus abdominis flap delivered in a posterior to anterior fashion to wrap around the PJ
anastomosis.

anastomosis; this served to simulate the P] anastomosis found in Whipple’s procedure. The PJ anas-
tomosis was created using the modified Blumgart technique (3 double trans-pancreatic sutures and
interrupted duct-to-mucosa anastomotic sutures). A controlled PJ leak was simulated by intentional
omission of the 12 o’clock duct-to-mucosa suture. A pedicled rectus abdominis flap was used to wrap
around the PJ anastomosis for pigs in the treatment group (Figure 1A-B). A rectus abdominis flap wrap
was not performed in the control group.

The left rectus abdominis flap was chosen for its proximity to the PJ anastomosis. The rectus
abdominis flap was pedicled on the superior epigastric artery and wrapped around the PJ anasto-
mosis in a tension-free manner. To anchor it in position, the distal portion of the muscle flap was
stitched back onto itself with polydioxanone sutures after it had completely encircled the PJ anasto-
mosis. To further secure this wrap, the muscle flap was anchored onto the jejunum with circum-
ferential interrupted sutures (polydioxanone) to the serosal layer of the jejunum (Figure 2A-C). A
surgical drain was placed adjacent to the flap for Pigs 1 to 4 and adjacent to the P] anastomosis
for the control pig. Oral feeding was started on post-operative day 1. Drain outputs were recorded
daily.

Serum and drain amylase levels were recorded pre-operatively and on post-operative days 1, 3,
5 and 7. The presence of an anastomotic leak was diagnosed according to the International Study
Group of Pancreatic Fistula (ISGPF) definition: A drain output of any measurable volume of fluid on or
after post-operative day 3 with an amylase content greater than 3 times the serum amylase activity.
Statistical analysis was performed using STATA Version 17.0 (Statacorp LLC, College Station, TX, USA).
A p value of <0.05 was considered statistically significant.

All pigs were euthanised on post-operative day 7. Post-mortem laparotomy and a thorough inspec-
tion of the abdominal cavity were performed. The PJ-rectus abdominis flap complex was retrieved in
the treatment group for histological sampling.
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Figure 2. A) An illustration showing the rectus abdominis flap wrapped around the P] anastomosis, with the distal muscle
stitched back onto the main body of the flap to complete the encirclement. B) An illustration depicting the lateral view of
the rectus abdominis flap encircling the PJ. C) The rectus abdominis flap was able to wrap around the PJ anastomosis in a
tension-free manner within the intraperitoneal cavity, allowing easy closure of the abdominal wall.

Table 1
Serum and drain amylase levels of both control and intervention groups.
Pig Amylase (U/L) DO D1 D3 D5 D7
1 (Control) Serum 2830 4156 3450 3034 2971
Drain - 7941 10415 2961 2585
2 Serum >4500 >4500 4384 3918 3591
Drain - 4049 4025 3569 4064
3 Serum 4287 2572 3364 677 3542
Drain - 0 0 0 3892
4 Serum 2822 2659 2956 2824 2774
Drain - 0 0 0 2354
5 Serum 3372 3930 2571 2120 2357
Drain - 0 3214 3295 2778
Results

Clinical Assessment

The pig in the control group (Pig 1) developed an anastomotic leak on post-operative day 3 in
keeping with the ISGPF criteria. (The drain amylase content was 3 times the serum amylase activity.)
Clinically, the pig was noted to be less active on post-operative day 4 with loss of appetite requiring
intravenous dextrose fluid supplementation for the next 2 days. The pigs in the treatment group (Pigs
2 to 5) recovered uneventfully. The drain amylase levels for the treatment group did not fulfil the
criteria for pancreatic fistula, returning less than 3 times the serum amylase levels (Table 1).

We performed further regression analysis on the serum and drain amylase results in both groups.
The drain-serum amylase ratio in the treatment group remains consistently less than 1.5 and lower
than in the control group. The ratio is noted to peak on post-operative day 3 in the control group,
with a difference in ratios of -2.5 between treatment and control groups (p=0.006) (Figure 3).

Histological Assessment

At the time of the post-mortem evaluation, there was demonstrable seal macroscopically. The rec-
tus abdominis flap remained well vascularised and there was no evidence of an anastomotic leak in
the abdominal cavity.
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Figure 3. Graph showing the difference in mean drain-serum amylase ratio between the pigs.

Figure 4. PJ-rectus abdominis complex under high-pressure methylene blue dye instillation and demonstrating water-tight seal
macroscopically. (P) denotes the pancreatic segment, (RA) denotes the rectus abdominis muscle wrap and (J) denotes the jejunal
segment. Dotted green lines define the border of the rectus abdominis muscle wrap.

The PJ-rectus abdominis complex was retrieved. Fistulography was performed using retrograde
high-pressure instillation of methylene blue dye from efferent jejunal outlet into the PJ anastomo-
sis was performed with the proximal afferent jejunal inlet clamped. The rectus abdominis muscle
demonstrated a water-tight seal around the anastomosis (Figure 4).

The PJ-rectus abdominis specimen was sectioned for visual analysis of the leak contained within
the rectus abdominis muscle. An area of necrosis was noted at the point of the omitted duct-to-
mucosa suture (area of controlled leak) (Figure 5A). This was contained and walled off within the rec-
tus abdominis muscle. Most of the rectus abdominis muscle remained healthy with minimal necrosis.
The rectus muscle not only achieved a water-tight seal of the leak, but it was able to withstand the
proteolytic pancreatic enzymes.

Microscopically (haematoxylin and eosin staining at x 7 magnification), the rectus abdominis mus-
cle adjacent to the anastomotic leak showed mild degenerative changes. There is marked presence
of fibrotic reaction and granulation tissue formation. The affected muscle depth is less than 10%
(Figure 5B).
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X7 magnification

Figure 5. A) Coronal section of the PJ-rectus muscle complex. Methylene blue dye was instilled in a retrograde manner via the
efferent jejunal outlet. Blue dye staining is noted within the jejunum (J) and lining the pancreatic duct within the pancreas
(P). This demonstrates patency of the PJ anastomosis. A yellow arrow denotes the point of omission of the 12 o’clock Blumgart
suture (i.e., area of controlled leak). The green dotted lines mark out an area of PJ leak with walled-off necrosis. The rectus
abdominis muscle (RA) in contact with the necrosis shows some areas of scarring and fibrosis, indicating healing. Most of the
muscle remains healthy. B) Haematoxylin and eosin staining of the pancreaticojejunal-rectus muscle complex (x 7 magnifica-
tion). Along the PJ anastomosis-muscle border (orange line), there is presence of fibrosis and granulation. The RA in contact
with the PJ anastomosis shows necrosis (marked out by yellow line, labelled d). The depth of muscle affected is less than 10%.

Discussion

In 1935, Dr Allen Oldfather Whipple performed the first reported total duodenectomy as part of
his original 2-stage procedure.’® After many years of evolution, it has now evolved to the commonly
known single-stage Whipple procedure. In these modern times, the Whipple procedure remained one
of the most technically challenging pancreatic surgery, often associated with significant morbidity and
mortality. Advancements in surgical techniques and post-operative management of complications have
led to improved clinical outcomes, reducing post-operative mortality rates. However, pancreatic anas-
tomotic leaks remain as one of the frequent causes of morbidity and mortality, challenging even the
surgeon on his best days. Prevention is better than cure, and primary prevention of pancreatic anas-
tomotic leak would make the Whipple procedure less dangerous and daunting.

Historically, multiple attempts have been made to reduce this complication ranging from anasto-
motic techniques to the usage of pancreatic duct stenting. To date, the use of the omental flap was
the most promising. When used as a roll-up flap around the PJ anastomosis, it can serve as a biolog-
ical plug to prevent leakage and a source of neovascularisation for wound healing.®-'® Though there
is reduced overall morbidity, the rates of pancreatic fistulas remain high (up to 20.7%'!). More recent
meta-analyses showed that the use of an omental wrap could not prevent the occurrence of pan-
creatic fistulas. The risks of post-pancreatectomy haemorrhage were also similar for patients with or
without omental wrapping.”+'® This could be attributed to the non-uniformity of the vascular pat-
tern in the greater omentum'®. The omentum flap is also highly variable in size, and not of sufficient
tissue density to resist proteolysis by pancreatic enzymes.

The pathophysiology in an pancreatic anastomotic leak involves the activation of pancreatic pro-
teases when it comes into contact with enteropeptidase found in the intestinal brush border. This
results in autodigestion and destruction of surrounding tissue and vessels and can lead to intra-
abdominal abscesses, peri-pancreatic collections and post-operative haemorrhage.® The use of a rec-
tus abdominis muscle flap is ideal in this situation due to a few factors. Firstly, as a vascularised
muscle flap, it imparts vascularity to the P]J anastomosis that is in relative ischaemia. Muscle has a
dense capillary network of 2000 capillaries per square mm and a high resting blood flow.?? Increased
vascularity leads to improved antibiotic delivery and confers higher oxygen tension in local tissues,
thereby promoting leucocytic action and bacterial elimination.?! Secondly, this robust vascularity also
allows the rectus abdominis flap to continuously heal while sustaining proteolytic damage from the
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pancreatic enzymes. In addition, the healed rectus muscle wrap was able to withstand high-pressure
instillation of methylene blue from the efferent jejunal outlet into the P] anastomosis (Figure 4A),
demonstrating its efficacy as a vascularised physical barrier. This is similar to the use of modern self-
healing polymers in car coating, whereby the car coat will self-repair after a scratch. Thirdly, being a
thick and wide muscle flap, the rectus abdominis flap would have enough tissue density to take on
sustained proteolysis without perforation. In our study, this was evidenced histologically as only 10%
of the rectus muscle thickness adjacent to the controlled anastomotic leak was affected, and there
was also a marked presence of fibrotic reaction and granulation tissue, demonstrating signs of healing
(Figure 5B). Wrapping the thick rectus abdominis muscle around the PJ anastomosis would also iso-
late it from the gastroduodenal artery stump and other major vessels. This mitigates intraperitoneal
haemorrhage caused by the erosion from the pancreatic fistula. Fourthly, most Whipple procedures
are still performed in the open midline fashion, and the rectus abdominis muscle flap is easily acces-
sible and raised logistically. Moreover, sacrifice of the left rectus abdominis muscle does not result in
significant functional deficit. When raised as a muscle-only flap (leaving the anterior rectus sheaths in
situ), the strength of anterior abdominal wall can be preserved. This minimises the risk of abdominal
wall hernias. By preventing a pancreatic leak, the advantages will outweigh that of the sacrifice of the
muscle.

All 4 pigs in our treatment group did not exhibit any clinical or biochemical evidence of pancreatic
fistula according to the ISGPF criteria. The drain-serum amylase ratio in the treatment group remains
consistently less than 1.5, and lower than the control group (p=0.006). This clearly demonstrated the
superiority of our technique in preventing the manifestation of a pancreatic fistula.

Larger sample sizes are required if the expected outcome is difficult to reproduce. In our animal
model, we successfully simulated a pancreatic leak with full certainty through the omission of the 12
o'clock duct-to-mucosa suture. Hence, the sample size remains small, as we avoided the need for a
larger sample group or unnecessary sacrifices to achieve the desired effect.

Our novel technique can be thought of as the use of a highly robust, self-healing autologous ma-
terial to contain a leak in a water-tight fashion, until the efferent outflow can eventually stabilise and
let the pancreatic leak seal.

Conclusion

Results from this porcine model demonstrate the promising utility of the rectus abdominis muscle
as the ideal vascularised soft tissue in mitigating the devastating consequences of the formation of
pancreatic fistula after Whipple’s procedure.
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