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Abstract

Background: Intraoperative visualization of pancreatic tu-
mors has the potential to improve radical resection rates. In-
traoperative visualization of the common bile duct and bile
duct anastomoses could be of added value. In this study, we
explored the use of indocyanine green (ICG) for these appli-
cations and attempted to optimize injection timing and
dose. Methods: Eight patients undergoing a pancreaticodu-
odenectomy were injected intravenously with 5 or 10 mg
ICG. During and after injection, the pancreas, tumor, com-
mon bile duct and surrounding organs were imaged in real
time using the Mini-FLARE™ near-infrared (NIR) imaging sys-
tem. Results: No clear tumor-to-pancreas contrast was ob-
served, except for incidental contrast in 1 patient. The com-
mon bile duct was clearly visualized using NIR fluorescence,
within 10 min after injection, with a maximal contrast be-
tween 30 and 90 min after injection. Patency of biliary anas-
tomoses could be visualized due to biliary excretion of ICG.

Conclusion: No useful tumor demarcation could be visual-
ized in pancreatic cancer patients after intravenous injection
of ICG. However, the common bile duct and biliary anasto-
moses were clearly visualized during the observation period.
Therefore, these imaging strategies could be beneficial dur-
ing biliary surgery in cases where the surgical anatomy is ab-

errant or difficult to identify. Copyright © 2011 S. Karger AG, Basel

Introduction

Pancreatic cancer is the fourth leading cause of can-
cer-related mortality in the United States, with an inci-
dence of approximately 38,000 cases and an estimated
34,000 deaths. The overall 5-year survival rate is very low
(<5%) [1]. Approximately 10-15% of patients are eligible
for surgical resection, which is presently the only poten-
tially curative treatment option. Even after curative re-
section, the reported 5-year survival rates are disappoint-
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ing and vary from 10 to 17% [2-5]. Several factors, such
as tumor size, lymph node status, tumor grade and blood
vessel invasion, are correlated with prognosis. Involve-
ment of tumor margins is an important prognostic factor,
as reported survival for RO (radical) resections (20.3
months) is twice that of R1 resections (10.3 months) [6].
For preoperative staging and determination of resectabil-
ity, the imaging procedure of choice is a multiphase, mul-
tidetector helical computed tomography with intrave-
nous administration of a contrast agent combined with
an endoscopic ultrasonography [7].

During pancreatic surgery, assessment of the extent of
the pancreatic tumor is made based on visual inspec-
tion and palpation, sometimes in conjunction with intra-
operative ultrasonography [8, 9]. Intraoperative tumor
identification remains challenging, partly because the
surrounding pancreatic tissue is frequently inflamed. Lo-
cal recurrence rates of 72-86% are reported [10-12],
which in part could be caused by inadequate intraopera-
tive evaluation of the location and extent of the tumor.

Near-infrared (NIR) fluorescence imaging is a prom-
ising technique to facilitate intraoperative, real-time, vi-
sual information [13-15]. In order to detect tumors using
NIR fluorescence, contrast agents that target tumor-spe-
cific characteristics can be used to selectively label tumor
cells [16-19]. Novel NIR fluorescent agents have been de-
veloped that target tumor-specific cell surface markers
[16, 20], enzymatic activity [17, 19, 21] or increased glu-
cose metabolism [22]. However, these tumor-specific
agents are not yet available for clinical use. The only NIR
fluorescent contrast agents currently available, methy-
lene blue and indocyanine green (ICG), are not tumor
specific. However, the enhanced permeability and reten-
tion (EPR) effect can potentially be used to obtain accu-
mulation of non-targeted contrast agents in tumors [23,
24]. Due to newly formed, more porous blood vessels,
molecules can passively accumulate in the surrounding
tissue. Furthermore, poorly developed lymphatics in the
tumor result in an increased retention. Previous studies
showed breast carcinomas and liver tumors could be
identified noninvasively with NIR fluorescence using
ICG based on the EPR effect [25-28]. The aim of our
study was to assess the applicability of NIR fluorescence
imaging using ICG to provide a clear tumor-to-back-
ground contrast in oncologic pancreatic surgery.

Because ICG is almost exclusively excreted into the
bile, it can also be used for intraoperative NIR fluores-
cence exploration of the biliary anatomy [29-31]. This
can be useful in patients with a difficult laparoscopic cho-
lecystectomy, due to an aberrant biliary anatomy or an
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acute cholecystitis, for example. Furthermore, ICG can
potentially be used to assess anastomosis patency in pa-
tients undergoing bile duct reconstruction. This is a well-
suited setting to study both biliary anatomy and anasto-
mosis patency intraoperatively, as the common bile duct
can be visualized for a long time during pancreaticoduo-
denectomy.

Materials and Methods

Intraoperative NIR Imaging System (Mini-FLARE™)

Intraoperative imaging was performed using the hand-held
Fluorescence-Assisted Resection and Exploration (Mini-FLARE)
image-guided surgery system as described by Mieog et al. [manu-
scriptaccepted for publication]. This system consists of two wave-
length-isolated light sources: a ‘white’ light source, generating
26,6001x 0f 400-650 nm light and an NIR light source, generating
7.7 mW/cm? of 760 nm light. Color video and NIR fluorescence
images are simultaneously acquired and displayed in real time us-
ing custom optics and software that separate the color video and
NIR fluorescence images. A pseudo-colored (lime green) merged
image of the color video and NIR fluorescence images is also dis-
played. The imaging head is attached to a flexible gooseneck arm,
which permits positioning of the imaging head virtually any-
where over the surgical field, even at extreme angles. For intraop-
erative use, the imaging head and imaging system pole stand are
wrapped in a sterile shield and drape (Medical Technique Inc.,
Tucson, Ariz., USA).

ICG Preparation and Administration

ICG (25-mg vials) was purchased from Pulsion Medical Sys-
tems (Munich, Germany) and resuspended in 10 ml of sterile wa-
ter for injection to yield a 2.5 mg/ml (3.2 mM) stock solution. Of
this stock solution 2 or 4 ml, corresponding to doses of 5 or 10 mg,
were administered.

Clinical Trial

The study was approved by the local Medical Ethics Commit-
tee of the Leiden University Medical Center and was performed
in accordance with the ethical standards of the Helsinki Declara-
tion of 1975. A total of 8 consecutive patients with suspected am-
pullary or pancreatic head carcinoma planned to undergo cura-
tive resection were included. All patients provided informed con-
sent. Exclusion criteria included pregnancy, lactation or an
allergy to iodine, shellfish or ICG. The surgical technique used in
our center implies a standard pancreaticoduodenectomy with re-
section of peripancreatic tissues and lymph nodes. Following re-
section, reconstruction is performed with pancreaticojejunosto-
my, choledochojejunostomy and pylorojejunostomy for pylorus-
preserving pancreaticoduodenectomy or a gastrojejunostomy as
part of Whipple’s procedure. After opening the omental bursa,
performing the Kocher maneuver and exploration of the hepato-
duodenal ligament, the pancreatic tumor was fully exposed. The
Mini-FLARE imaging system was positioned 30 cm above the
surgical field. Next, 4 patients were intravenously administered
5 mg ICG diluted in 2 ml of sterile water as a bolus and 4 patients
received 10 mg ICG diluted in 4 ml of sterile water as an intrave-
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Table 1. Patient characteristics

Pt Age Sex Weight Height BMI AP GGT ASAT ALAT Tumor Tumor Surgery N R Vasc. Perin. Pathology
years kg cm U/l U/l UM U/l size,cm location inv. inv.
1 39 M 90 186 26 261 8 92 155 N/A head bypass + N/A N/A N/A poorly diff. AC
2 76 F 64 164 24 97 72 21 16 47 ampulla ~ Whipple - RO - + poorly diff. AC
3 45 M 65 179 20 118 274 20 19 4 head PPPD + R1 - + well-diff. AC
4 32 M 88 188 25 114 66 48 78 - - Whipple - no malignancy
5 74 F 75 169 26 72 46 69 40 6 head Whipple + R1 - - AC
6 61 F 73 176 24 674 1,472 280 292 1.7 head PPPD + RO - + AC
7 46 F 89 170 31 42 11 59 39 1.8 head Whipple + R1 - - neuroendocrine
8 62 M 68 180 21 71 64 21 23 23 duodenum PPPD - RO - - adenomatous polyp

AC = Adenocarcinoma; AP = alkaline phosphatase; ALAT = alanine aminotransferase; ASAT = aspartate aminotransferase; BMI = body mass index;
diff. = differentiated; GGT = y-glutamyltransferase; N/A = not available due to unresectable tumor; Perin. inv. = perineural invasion; PPPD = pylorus-

preserving pancreaticoduodenectomy; Pt = patient; Vasc. inv. = vascular invasion.

nous bolus. All operating room lights, with the exception of the
white light and NIR light of the Mini-FLARE imaging system,
were dimmed. The NIR fluorescence measurements of the pan-
creatic tumor, pancreas, duodenum, stomach, liver, gall bladder
and common bile duct were recorded at the time of injection (T =
0), and 45 s and 3, 10, 30, 60, 90, 120 and 180 min after injection.
At each measurement, camera exposure times were set appro-
priately to prevent the NIR fluorescence signal from reaching sat-
uration. Bile duct imaging ended at 90 min because the bile duct
was resected at this time as part of the pancreaticoduodenec-
tomy. Furthermore, imaging of the choledochojejunostomy was
performed to assess leakage and patency. Fluorescent intensi-
ty of these structures was quantified using the custom Mini-
FLARE software. To calculate tumor-to-pancreas ratios, tumor
and healthy pancreas regions of interest were manually drawn,
guided by palpation. Signal-to-background ratios (SBRs) for the
common bile duct were manually drawn, and a background re-
gion of interest was drawn on directly surrounding tissue.

Statistical Analysis

For statistical analysis and graph design, GraphPad Prism
Software (version 5.01; GraphPad Software, La Jolla, Calif., USA)
and SPSS (version 17.0; SPSS, Chicago, Ill., USA) were used. All
data were reported as means * SD or medians and ranges. To
compare the SBRs between the two concentration groups, t tests
were used. Repeated-measures ANOVAs were used to test differ-
ences between time points. All statistical tests were two tailed and
p <0.05 was considered significant.

Results

Patient and tumor characteristics are listed in table 1.
Eight patients undergoing surgery for a suspected ampul-
lary or pancreatic head carcinoma were included in the
study. In 1 patient, the common bile duct was cut several
minutes after ICG administration and therefore mea-
surements >3 min were excluded from the analysis. Four
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patients underwent a complete Whipple procedure, 3 pa-
tients underwent a pylorus-preserving pancreaticoduo-
denectomy, and 1 patient had an unresectable tumor, re-
sulting in a biopsy without further resection.

Tumor Imaging

Directly after injection, superficial arterial flow of
ICG was identified by NIR fluorescence on the surface of
the pancreas followed by venous drainage. In the 5-mg
patient group (n = 4), a mean tumor-to-pancreas ratio of
0.89 * 0.25 was observed. In the 10-mg patient group
(n = 4), a mean tumor-to-pancreas ratio of 1.22 * 0.39
was observed (fig. 1a). Time had no significant effect on
the tumor-to-pancreas ratio (p = 0.899). Tumor-to-pan-
creas ratios were significantly higher in the 10-mg group
compared to the 5-mg group (p = 0.002). In 1 patient (pa-
tient 5, 10-mg dose group), a clear NIR fluorescent hot-
spot was observed on the pancreas (fig. 1b). Histological
analyses confirmed that the signal corresponded to tu-
mor tissue surrounding the pancreatic duct. Other than
this incidental finding, no contrast was observed.

Imaging of the Common Bile Duct Using NIR

Fluorescence

Within 10 min after administration of ICG, the com-
mon bile duct, cystic duct and common hepatic duct
could clearly be identified by NIR fluorescence (fig. 2a, b)
in all patients. The NIR fluorescence signal of the liver
outshone the left and right hepatic ducts and therefore
prevented clear visualization. The fluorescent signal of
the bile ducts lasted until 90 min after injection, at which
point the bile duct was resected, along with the head of
the pancreas and the duodenum, as part of the pancre-
aticoduodenectomy. No difference was observed between
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Fig. 1. Tumor-to-pancreas contrast using NIR fluorescence and
ICG: tumor-to-pancreas ratios (means = SD) of the pancreatic
tumors over time, per dose group (a). b Color video (left panel),
NIR fluorescence (middle panel) and a color-NIR overlay (right
panel) of intraoperative imaging of the pancreas. In this example,
clear contrast (arrow) is shown between pancreatic tumor and
normal pancreatic tissue (P) 20 min after administration of 10 mg
of ICG. However, this was an incidental finding in 1 patient. D =
Duodenum.

the 5- and 10-mg groups (p = 0.849). Time significantly
influenced SBR (p = 0.002). An optimum was found be-
tween 30 and 90 min after injection, with a maximum
mean SBR of 6.24 * 1.32 at 60 min after injection. After
completion of the choledochojejunostomy, anastomotic
patency could be confirmed by visualizing the NIR fluo-
rescence signal passing the anastomosis into the jejunum
(fig. 20).

Biodistribution of ICG

The NIR fluorescence signal of the pancreas, stomach,
liver, duodenum and common bile duct was measured at
tixed time intervals (fig. 3). As reported in preclinical
studies [30], within the first 2 min a vascular signal (an
arterial phase followed by a venous phase) could be visu-
alized. The pancreas, stomach and duodenum showed
comparable washout patterns. As ICG is cleared by the
liver, the liver and common bile duct exhibited high levels
of NIR fluorescence, indicating hepatic uptake and clear-
ance in bile.
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Discussion

The first objective of this study was to exploit the EPR
effect [23, 24] to induce retention of the non-targeted
probe ICG in pancreatic tumors. However, in all but 1
patient, no useful intraoperative tumor-to-pancreas ra-
tios in pancreatic cancer patients were noted using NIR
fluorescence and ICG. In 1 patient, a clear hotspot was
observed on the pancreas, which corresponded with the
resected adenocarcinoma. No pathological characteris-
tics were observed that could account for this phenom-
enon. Several factors might explain the observed lack of
contrast in all other patients. Healthy pancreas tissue
showed a relatively high uptake of ICG, whereas tumor
tissue showed similar uptake. As washout of the NIR flu-
orescence signal was comparable in both healthy pan-
creas tissue and tumor tissue, no EPR effect could be vi-
sualized. This is possibly the result of different tumor
biology of pancreatic cancer when compared to breast
cancer, in which the EPR effect has been observed in pre-
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Fig. 2. Intraoperative imaging of the common bile duct using NIR
fluorescence and ICG: SBRs (means £ SD) of the common bile
duct over time, per dose group (a). SBRs for the common bile duct
were calculated. A background region-of-interest was drawn on
directly surrounding tissue. b Color video (left panel), NIR fluo-
rescence (middle panel) and a color-NIR overlay (right panel) of
intraoperative imaging of the common bile duct in a patient who
underwent a cholecystectomy during previous surgery 30 min af-
ter administration of 5 mg of ICG. A clear contrast is shown be-
tween the common bile duct (arrow) and surrounding tissue.
c Color video (left panel), NIR fluorescence (middle panel) and a
color-NIR overlay (right panel) of a choledochojejunostomy (ar-
row) 30 min after completion of the anastomosis. NIR fluores-
cence signal of excreted ICG is visualized intraluminally in the
jejunum, indicating anastomotic patency and absence of leakage.
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vious studies. Several earlier studies reported a lower
perfusion of tumor tissue in comparison with healthy
pancreas tissue [32, 33], which might decrease availabil-
ity of ICG for a potential EPR effect of the tumor. Fur-
thermore, previous studies that reported an EPR effect
of ICG in breast tumors used detection methods (laser
scanning or optical tomography) that may detect lower
concentrations of ICG but require post-processing, and
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are therefore not applicable for real-time intraoperative
imaging [26, 27].

Novel NIR fluorescent probes are being developed to
increase signal penetration depth and decrease back-
ground uptake. For multiple applications within cancer
surgery, it is imperative to design improved tumor target-
ing probes. Tumor targeting can be accomplished by con-
jugating a fluorophore to a targeting ligand such as anti-
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Fig. 3. Biodistribution of ICG in organs exposed during pancreaticoduodenectomy: shown are NIR fluorescence
intensities of organs exposed during pancreaticoduodenectomy. Measurements of the duodenum were taken
over an area not containing bile. Intensities are shown over time for both 5-mg (left panel) and 10-mg (right

panel) groups.

bodies or peptides, for example [16, 19, 21, 22]. It is ex-
pected that several of those tumor-targeted probes will be
available for first-in-human trials within the coming
years.

The second objective of this study was to evaluate the
biodistribution of ICG and its clearance by the liver into
the bile. Patients undergoing a pancreaticoduodenecto-
my are well suited for this study, as the bile ducts and ab-
dominal organs can be studied for a relatively long time.
As stated before, iatrogenic common bile duct injury oc-
curs in patients undergoing cholecystectomy. A non-in-
vasive imaging modality that can visualize the common
bile duct intraoperatively could potentially reduce the in-
cidence of common bile duct injury in these patients. For
example, this technique can help the surgeon identify vi-
tal structures during difficult laparoscopic cholecystec-
tomies in patients with acute cholecystitis or aberrant
biliary anatomy. This technique could potentially prevent
the need to convert to an open procedure.

In this study, the common bile duct was identified us-
ing NIR fluorescence imaging after ICG administration
in all patients. This is in concordance with preclinical
data described by Matsui et al. [30] and clinical studies of
patients undergoing cholecystectomy [29, 31]. A useful
contrast between the common bile duct and surrounding
tissue was observed =10 min after injection. The optimal
timing of ICG administration prior to imaging lies be-
tween 30 and 90 min. In this interval, mean SBRs of 5-6
were observed. Ideally, background fluorescence levels of
all surrounding organs should be minimal. In this study,

Pancreatic Cancer and Bile Duct Imaging

the liver signal remained high throughout the imaging
interval. Although this did not prevent a contrast being
observed between common bile duct and surrounding
tissue, future studies should focus on optimal timing to
minimize background fluorescence, especially when
studying the liver. Indeed, in a separate study, in which
patients with colorectal liver metastases were injected in-
travenously with 10 mg ICG 24 h prior to liver surgery,
liver fluorescence decreased to background levels, while
bile duct imaging was still possible. However, compared
to the fluorescent intensity observed in the present study,
the bile duct signal was significantly decreased by 88%
[van der Vorst et al., manuscript in preparation]. There-
fore, novel NIR fluorescent agents should be developed
that are excreted into bile, with minimal liver uptake,
thereby reducing background fluorescence and increas-
ing the ability to visualize bile ducts. In contrast to most
other imaging systems, the Mini-FLARE imaging system
used in this study can display the NIR fluorescence signal
in relation to the surgical anatomy, by simultaneously
displaying color video and NIR fluorescence. This feature
is of added benefit in performing true image-guided sur-
gery. The Mini-FLARE can only be used during open
surgery. However, most cholecystectomies are performed
by laparoscopy. In order to enable intraoperative NIR flu-
orescence imaging during laparoscopic surgery, laparo-
scopic camera systems are currently being developed and
tested [30, 31, 34]. Furthermore, as with all novel tech-
niques, large clinical studies are necessary to prove the
added value of NIR fluorescence imaging in patients un-
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dergoing a cholecystectomy. These trials can use the data
presented in this study to select the optimal time of imag-
ing after ICG administration.

This study showed that no useful tumor demarcation
could be visualized in pancreatic cancer patients using
intraoperative NIR fluorescence imaging after ICG ad-
ministration. Furthermore, our study showed the ability
to visualize the common bile duct after ICG administra-
tion and demonstrated the influence of time on SBR.
Moreover, patency of the jejunal-biliary anastomosis
could be visualized. For a translation to clinical practice,
larger trials should be executed. This is dependent on
broad availability of commercial intraoperative NIR flu-
orescence imaging systems. When these imaging systems
become available for use in the clinic in the coming years,
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