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Near-infrared intraoperative imaging of pancreatic neuroendocrine
tumors: a new era in laparoscopic pancreatic surgery
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It is evident that safe complete resection of the target tumor
without excess or deficiency is the most important object
in the oncological surgery, besides this is particularly true
in the laparoscopic surgery for pancreatic neuroendocrine
tumors (PanNETS). In the recent study by Paiella ez /. (1)
the near-infrared (NIR) technology using indocyanine green
(ICG) as an NIR fluorophore was tested in laparoscopic
resection of PanNE'Ts. The authors reported that PanNETs
are intraoperatively visualized as brighter glow against
background normal pancreatic tissue. They have applied a
light with specific wave length around 800 nm to the ICG
dye that was intravenously injected on site in the operation
room, and found that 10 out of 10 PanNETs were visually
identified. So, they could have done nine laparoscopic distal
pancreatectomies and one laparoscopic enucleation safely.
This is the first application of NIR to the PanNET surgery.
Because the treatment of PanNETs sometimes bothers
surgeons, this method may become a new standard in
laparoscopic resection of PanNETs.

Treatment of PanNETs requires three important
procedures; first, securing the presence of tumors responsible
for the symptoms, second, localizing the tumors and
visualizing them if possible, and third, oncologically complete
resection of the tumors. Owing to the recent improvement
of imaging techniques, increasing number of PanNETs
are incidentally found. PanNETs consist of functioning
PanNETs which express various functional syndrome and
non-functioning PanNETs which do not express distinct
clinical syndrome (2). Insulinoma is the most common
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functioning PanNET and other functioning PanNETs are
rare. Recent epidemiological study showed that 47.4% of all
PanNETs was non-functioning PanNETs (3).

In the study by Paiella et al. (1), 20% of the PanNETs
was insulinoma. Insulinoma is located in the pancreas and
causes a characteristic syndrome due to hypoglycemia
caused by excessive insulin from the tumor (4). Because
of these symptoms, it may be easy to predict the presence
of insulinoma. Because most of insulinomas are located
entirely within the pancreas, they can be visualized by
US, CT and MRI. Especially, EUS has a great sensitivity
and specificity for intra-pancreatic PanNETs. Inversely,
the somatostatin receptor scintigraphy (SRS) has a lower
detection rate on insulinomas because insulinomas do not
have enough densities of somatostatin receptors; therefore
more than half of insulinomas are not found by preoperative
SRS (5).

When the tumor is solitary, it is highly possible that
the tumor is responsible for the symptoms. However, it is
sometimes difficult to find out which tumor is responsible
for the hypoglycemia, because approximately 10% of
insulinomas are multiple, and about 5% are related with the
multiple endocrine neoplasia type 1 (MENT1) syndrome (6).
In such cases, we can determine where the responsible
tumor exists preoperative by the intra-arterial calcium
injection test (SACI test) with hepatic venous insulin
sampling (7,8). Along with these processes, we can make
it possible to decide which tumor or which part of the
pancreas should be removed.
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Because of the serious symptoms such as headache,
confusion, visual disturbance, sweating, tremor and
palpitation, surgical resection is recommended once
diagnosed. Isolated sporadic insulinoma can be cured
by pancreatic resection (4,6). The purpose of surgical
resection is to cure the symptoms caused by an excessive
insulin by removing all insulinomas. Generally, lymph node
dissection is not required for insulinoma surgery (9). Since
MENI patients often have other PanNETs which are non-
functioning tumors, preoperative accurate localization of
functioning tumor is crucial (10).

Another target in the study by Paiella ez 4/. (1) was non-
functioning PanNETs. Final pathology in their study
showed 80% of the resected tumors was non-functioning
PanNETs. Thanks to the recent imaging technologies, the
number of non-functioning PanNETs is increasing, but
these tumors do not express clinical symptoms. Therefore,
even if you see the tumor on US or CT image, it is difficult
to make a quick decision of surgical resection.

Patients with malignant tumors should be operated on
aggressively, while the surgical risk-benefit ratio could be
carefully waited in possibly benign tumors smaller than
2 cm. Most of PanNETs with a diameter less than 2 cm are
likely benign; however, regarding incidentally discovered
non-functioning PanNETs, 6% are malignant even if they
are smaller than 2 cm (11). Presently, no agreement exists
on the diameter cutoff. Actually, Gratian et 4/. (12) reported
that 29% and 10% of non-functioning PanNETs smaller
than 2cm had lymph node metastases and distant metastases,
respectively. Although the malignant potential cannot be
excluded completely, a 2-cm cutoff is considered sufficiently
safe so far (13). Finally, non-functioning PanNETs with
a diameter bigger than 2 cm and with a yearly increased
diameter more than 0.5 cm should be the candidate for
surgical resection.

Whether the target is an insulinoma or a non-functioning
PanNET, what you have to do is a complete resection
without any residual. When you choose open surgery, it will
be not difficult to identify the target tumor in the pancreas
by intraoperative US or palpation. Tumors in the head
of pancreas are treated with a pancreaticoduodenectomy
and tumors of the body and tail are treated with a distal
pancreatectomy with or without spleen preservation. The
disadvantages of typical pancreatic resections are a high
incidence of perioperative complications and long-term
exocrine and endocrine insufficiency (14).

Concerning the management of non-functioning
PanNETs, in particular when the boundary is clear and
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the size is small, atypical resection is proposed. Middle
pancreatectomy is performed only on small tumors of
the pancreas and enucleation is done only when the main
pancreatic duct is sufficiently far from the tumor. The most
important advantage of atypical resection is a reduction in
long-term endocrine and exocrine insufficiency compared
to typical resections (15). On the other hand, the influence
of atypical resection is almost temporary and clinical impact
is minimal, but it sometimes causes pancreatic fistula.
Furthermore, it is difficult to obtain an oncological negative
margin by enucleation, and lymph node dissection is not
performed; thus, only local lymph node sampling is done.
Therefore, atypical resection should be considered only for
small lesions with benign or uncertain behavior.

Recently, the number of laparoscopic surgery is increasing
when PanNETs can be localized preoperatively (16). When
preoperative localization of the tumors is completed,
laparoscopic enucleation or laparoscopic pancreatectomy can
be performed (17). If the diameter of the tumor is less than
2 cm and located further than 3 mm from the main
pancreatic duct, a laparoscopic enucleation is considered
rather than pancreatic resection. Inversely, when the tumor
is not far enough from the main pancreatic duct, enucleation
should be avoided and a laparoscopic pancreatectomy
such as distal pancreatectomy is considered. In any case,
intraoperative precise localization of the tumor is extremely
important.

When laparoscopic distal pancreatectomy is planned, it
would be enough to know the approximate localization of
the PanNET. Then intraoperative US and simultaneous
marking with dye or with an energy device will work.
However, in case of laparoscopic enucleation of PanNET,
real-time identification of the tumor is indispensable.

Paiella er al. (1) introduced the NIR technology using
ICG in the field of laparoscopic pancreatic surgery.
Among many NIR fluorescent molecules ICG is most
popularly used. Since Kitai (18) first performed fluorescent
navigation of sentinel lymph nodes using ICG and light
emitting diodes, the intraoperative use of near-infrared
fluorescence has served an important role in increasing our
understanding in a variety of fields such as surgical oncology
and ocular, cardiocirculatory, and liver function diagnostics.
Recent reports regarding intraoperative sentinel lymph
node mapping and HCC detection have further extended
its clinical application.

Near-infrared light can penetrate human tissues to a
depth up to 4 cm; however, it is greatly affected by the
overlying tissue thickness (19,20). This is true for both the
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Figure 1 Imaging studies of a case of PanNET. The tumor was

not obviously enhanced neither in the arterial phase (A) nor
the equilibrium phase (B) of contrast CT, and blood flow in the
tumor was not observed by Doppler US (C). PanNET, pancreatic

neuroendocrine tumor.

excitation and emission wavelengths of ICG. Therefore,
clinically a penetration depth of only several millimeters
with low fidelity can be achieved (21,22). If the target
stays within several millimeters depth, NIR fluorophores
may provide higher sensitivity for intraoperative and non-
invasive imaging due to their capability to be repeatedly
excited by tissue-penetrating NIR excitation light. ICG is
a tricarbocyanine dye that has been clinically used for over
50 years for hepatic clearance, cardiovascular function
test, and retinal angiography, typically administered at
concentrations of 2.5 mg/mL at typical total doses of 25
mg in adults. ICG does associate with albumin, making it
an excellent vascular agent for evaluating both the blood
and lymph systems. Because ICG absorb the light waves
around 800 nm and emit light with peak emission at 835
nm, the ICG can be visualized on the monitor through a
special CCD camera, collimator. We can detect blood and
lymphatic vessels by the fluorescence of ICG.

Paiella et 4l. (1) studied nine cases of laparoscopic distal
pancreatectomy and one laparoscopic enucleation. As
discussed above, laparoscopic distal pancreatectomy does
not necessarily require real-time NIR imaging because
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approximate position of the tumor is preoperatively
determined. Furthermore, an addition of intraoperative
US will help a lot. Of course by the real-time NIR imaging
it will become easier to determine the cut line keeping
sufficient margin from the tumor.

The real-time NIR imaging is most useful for
laparoscopic enucleation of PanNETs. The authors found
that ICG is accumulated in PanNETs, and emission can
be visualized by the operator so they could recognize the
localization of the tumor. This is a new idea of navigation
surgery for PanNETs. They described that all the
10 tumors could be seen as brighter area than surrounding
normal pancreas tissue, and surgeons could easily determine
the location of PanNETs; however, they did not discuss why
PanNETs showed stronger fluorescence.

We speculate that the intensity of emitted fluorescence
just reflects the blood flow within the tumor. Paiella ez /.
tested ICG- NIR imaging on two insulinomas and 8
non-functioning PanNETs in their series (1). Generally
PanNET is believed to have high vascularity. So we tried
to test ICG- NIR imaging for PanNET which was thought
to have low vascularity based on preoperative US and CT.
The subject was a non-functioning PanNET of a 51-year-
old female. By contrast CT, the tumor was not obviously
enhanced neither in the arterial phase nor the equilibrium
phase, and the blood flow in the tumor was not observed by
Doppler US (Figure I). The tumor was not definitively seen
by the laparoscopic light source (Figure 24); then ICG was
intravenously administered to the patient according to the
method of Paiella er al. (1). After 200 seconds, the tumor
was detected as a mass with lower fluorescence intensity
against the surrounding pancreas (Figure 2B). Histologically,
this tumor was a non-functioning PanNET (Figure 2C) with
normal staining by CD34 antibody (Figure 2D).

By the Paiella's research and our case, it is proved that
ICG-NIR imaging can clearly visualize the localization
of PanNETs at real-time during surgical procedure.
Whether the tumor is seen brighter or darker, this method
is particularly useful for laparoscopic enucleation of
PanNETTs. Paiella er al. (1) suggested that the administration
method of ICG is suitable and further suggested that
bolus administration of ICG will be good enough rather
than divided doses of ICG. As presented above, however,
PanNETs show various range of vascularity. It should be
necessary to examine the optimal dose and timing of ICG
administration for PanNETs with different vascularity
presumed by US and CT.

In conclusion, their new attempt in practice is highly
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Figure 2 NIR imaging with ICG for a case of PanNET. The tumor was not seen in the laparoscopic light source (A) but was detected as

a mass with lower fluorescence intensity against the surrounding pancreas (arrows) (B). Histologically, the tumor was a non-functioning

PanNET (C) with normal staining with CD34 antibody (D). #, liver; MCV, middle colic vein; PanNET, pancreatic neuroendocrine tumor;
NIR, the near-infrared. C, Hematoxylin-eosin stain, x100; D, CD34 antibody stain, x100.

appreciated. The new method of visualizing tumors
will exert power in laparoscopic tumor enucleation for
PanNETs. It will also have an important role in determining
the cut-line in laparoscopic distal pancreatectomy. The
method will be most practical if the protocol is more
simplified.
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