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Abstract
Risk factors for anastomotic leaks of pancreaticojejunostomy have been well described. We present a technique using
indocyanine green dye (ICG) and a near-infrared (NIR) capable laparoscope to assess blood supply to the transected margin
of the pancreas before pancreaticojejunal anastomosis. A 39-year-old female patient underwent a laparoscopic-assisted
pancreaticoduodenectomy (Whipple’s procedure) for an invasive ampullary adenocarcinoma. Before construction of the
pancreaticojejunal anastomosis, the viability of the margin of the remnant pancreas was assessed with infrared scanning
of injected ICG. The NIR identified an ischaemic segment of the margin, which was further resected. The patient had no
postoperative evidence of a pancreatic leak and was discharged home on postoperative day 18. Ischaemia of the remnant
pancreas is a risk factor for pancreaticojejunostomy leak. Infrared ICG testingmight help to identify these ischaemic segments,
which can be excised before anastomosis, and reduce failure rates.

INTRODUCTION
Surgical resection remains the only chance of cure for patients
with pancreatic adenocarcinoma and periampullary cancers.
The most commonly performed procedure for lesions in or
around the head of the pancreas is a pancreaticoduodenectomy
(Whipple’s procedure). Although mortality associated with pan-
creaticoduodenectomy has decreased over the years, morbidity
rates remain high. The most common complication associated
with a Whipple’s procedure is failure of the pancreatic anasto-
mosis. Risk factors reported to increase the risk of pancreatic
anastomotic failure include a soft pancreas and a small duct
[1]. One other factor that has rarely been discussed in the litera-
ture is the association between ischaemia of the remnant pancre-
atic margin and pancreatic anastomotic failure. Strasberg et al.
reported in 1998 that ensuring adequate blood supply to the rem-
nant margin reduces the incidence of pancreatic anastomotic

failure [2]. Here, we report a novel technique using indocyanine
green dye (ICG) to assess blood flow at the pancreatic remnant
margin before construction of the pancreatic anastomosis
(pancreaticojejunostomy).

CASE REPORT
A 39-year-old female patient presented with symptoms of dys-
pepsia and jaundice. Investigations including endoscopy and
computed tomography (CT) scans demonstrated an ampullary
lesion in the duodenum. Biopsies taken at endoscopy were re-
ported as a tubular adenoma with high-grade dysplasia. The
initial treatment with ampullectomy demonstrated an infiltrat-
ing ampullary adenocarcinoma with incomplete excision on
histopathology. In the presence of an incomplete resection,
the patient subsequently underwent a laparoscopic-assisted
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Whipple’s procedure. Before construction of the pancreaticoje-
junal anastomosis, the viability of the margin of the remnant
pancreas was assessed with ICG and a near-infrared (NIR) lap-
aroscopic camera (Olympus™, Hamburg, Germany).

Briefly, once the surgeon is prepared to start the construction
of the pancreaticojejunal anastomosis, the anaesthetist injects
2 ml (0.5 mg) of Infracyanine™ (concentration was 0.25 mg/ml)
intravenously via a peripheral vein. The infrared camera is then
focussed on the transected margin of the pancreas. The ICG con-
trast can be visualized in the viable areas but not in the ischaemic
areas (Fig. 1a). The ischaemic segment at the margin was further
resected before anastomosis (Fig. 1b). A duct to mucosa single-
layer pancreaticojejunal anastomosis was then constructed
using continuous silk suture.

Histopathological examination of the resected specimen de-
monstrated a clear resection margin. The patient had no post-
operative evidence of a pancreatic leak either clinically, on
assessment of drain amylase or on CT imaging.

DISCUSSION
The development of pancreatic fistula after a Whipple’s proced-
ure remains a common complication. The definition proposed
by the International Study Group for Pancreatic Fistula has
graded the fistulas into A, B and C with Grade C accounting for
significant morbidity and mortality [3]. A recent review by
Denbo et al. reported an 18% incidence of pancreatic fistula with
15% of these being Grade C and suggested (rightfully so) that the
focus should be on reducing this incidence [4].

Risk factors commonly reported for the development of a pan-
creatic fistula are a soft pancreas, small pancreatic duct and a fatty
pancreas [5, 6]. While nothing can be done about the texture of the
gland or the size of the duct, some studies have focussed on de-
creasing pancreatic exocrine functionwith the use of somatostatin
analogues, using pancreatic stents, different forms of pancreatic
anastomosis and gluing of the duct. The results are conflicting in
the literature, but a recent review by Lermite et al. suggests that
none of these demonstrated any significant advantage [7].

However, little has been published on pancreatic resection
margin ischaemia and its association with the development of
pancreatic fistula. The pancreatic head is supplied by the vascu-
lar arcade formed by the anastomosis of the superior and inferior
pancreatico-duodenal arteries, while the body and tail are sup-
plied by the splenic artery. The neck of the pancreas has been de-
scribed as a watershed area with blood supply coming from
either the head or the body [8]. Consequently, transection of
the pancreas at the neck may result in an area of relative ischae-
mia andmay contribute to anastomotic failure. Strasberg et al. re-
ported that the assessment of blood supply to the transected
margin of the pancreas visually and with Doppler ultrasound,
with further transection if the blood supply is inadequate, re-
sulted in decreased incidence of pancreatic fistula [2]. The tech-
nique by Strasberg et al. depends on the identification of good
blood flow to the margin of the pancreas. Our technique differs
from that of Strasberg et al. in that the objectivewas to identify is-
chaemic areas. Acute pancreatic ischaemia cannot be seen with
the naked eye or with ultrasound, and fluorescence angiography
is better than ultrasound in detecting tissue viability [9].

The use of ICG for NIR fluorescence angiography to demon-
strate ischaemic tissue has been reported in animal models. In
addition, Kudszus et al. demonstrated that NIR angiography
using ICG and a detection video camera in colorectal surgery re-
duced the rate of anastomotic leaks [10]. The injection of ICG and
assessment of its distributionwith theNIR detection device allow
the display of ischaemic zones, which can then be resected fur-
ther. However, to our knowledge, this has never been used in
pancreatic surgery. The disadvantage of Strasberg’s technique
is that the surgeon has to be skilled in intraoperative ultrasound
assessment of the pancreas. The advantage of our technique is
that no such skill is required, and the technique is simple and
easy to learn. One disadvantage of this technique is the risk of
an allergic reaction to ICG. However, compared with the morbid-
ity and cost associated with pancreatic leaks in our opinion, this
technique provides significant advantages.

The identification of an ischaemic transection margin during a
Whipple’s procedure allows further resection to viable tissue. This
will improve the blood supply to the pancreatic anastomosis and
maypotentiallyhelp todecrease the incidenceof pancreaticfistulas.
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Figure 1: (a) The head of the pancreas has been resected laparoscopically. The

pancreatic resection margin appears healthy to the naked eye with a small

(<3 mm) pancreatic duct. ICG has been injected intravenously into the patient.

The infrared camera is then switched on, and the ischaemic segment of the

pancreatic margin demonstrating no ICG fluorescence can be visualized. (b)
After resection of the ischaemic portion, the margin appears well perfused.
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