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ABSTRACT

Indocyanine green guided surgery has gained significant popularity in the last decade in different areas
including colorectal, gynecological or even hepatic surgery. Moreover, recently published papers came to
demonstrate the utility of the method in pancreatic surgery, providing a better identification of pancreatic
lesions and bringing significant information regarding the local anatomy. The current paper represents a
literature review of the most relevant studies published so far on this issue.
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Abbreviation
ICG = Indocyanine green

INTRODUCTION multiple benefits being described so far. Therefore,

ICG administration followed by infrared imaging can

Indocyanine green (ICG) and infrared guided sur- be safely used in order to obtain significant informa-
gery gained significant popularity in the last decades, tion regarding anatomical details such as vasculariza-
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tion details during resection and anastomosis, sentinel
lymph node identification in early stage cancers or
even information regarding the intrahepatic blood
flow distribution (1,2). All these information seem to
significantly improve the outcomes of surgically treat-
ed patients.

THE PRINCIPLE OF THE METHOD

Approved by the Food and Drug Administration for
clinical and research purposes in humans since 1956,
ICG is in fact a fluorescent dye which, when injected
intravenously it binds to plasma proteins, is excited be-
tween 750 and 800 nm and is detected at a maximum
peak of 832 nm (3-5). In this respect, ICG guided sur-
gery has been widely used so far in plastic surgery, on-
cogynecologic surgery and surgical oncology with mul-
tiple purposes (1,2).

ICG UTILITY IN PANCREATIC SURGERY

Initially, ICG guided surgery in hepato-bilio-pancre-
atic surgery has been proposed in order to diminish
the risk of intraoperative incidents during difficult lap-
aroscopic cholecystectomy. Later on, the method
proved to be efficient in order to evaluate the liver
function, to guide anatomical liver resection or to
identify liver metastases with different origins (6).

Utility of ICG in pancreatic surgery is mainly based
on the rich vascularization of this organ, a blood flow
ranging between 38.4 ml/min/100 ml to up to 356 ml/
min/100 ml being reported so far; meanwhile, pancre-
atic tumors present a poorer vascularization and
therefore, intravenous administration of ICG followed
by infrared inspection will offer strong contrast be-
tween the healthy pancreatic tissue and the poor per-
fused tumoral pancreatic tissue (7). Moreover, ICG ad-
ministration can offer real time information regarding
the vascularization of the pancreatic stump and might
therefore decrease the risk of anastomotic leakage (8).
The first case report which presented the utility of ICG
guided pancreatic resection comes from the Korean
team conducted by Sung Hyun Kim et al. and was pub-
lished in 2017; the paper reported the case of a
28-year-old patient in whom a 4.5 cm solid pseudo-
papillary neoplasm was discovered at the level of the
pancreatic tail. The patient was submitted to ICG guid-
ed laparoscopic surgery which proved to be efficient in
identifying the tumor and providing complete resec-
tion (7). The largest study which came to demonstrate
the utility of intravenous administration for achieving
negative resection margins in pancreatic head adeno-
carcinoma was conducted by Rho et al. and published
in 2018. The study included 37 patients submitted to
pancreaticoduodenectomy for pancreatic head can-
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cer; in 10 cases ICG guided surgery was used. The au-
thors demonstrated the superiority of ICG guided sur-
gery in order to achieve negative retroperitoneal
resection margins; meanwhile no significant differenc-
es were observed in regard to the mean operative
time, mean blood loss and postoperative pancreatic
related complications (9).

Meanwhile, other recent studies came to demon-
strate the effectiveness and utility of ICG intravenous
administration in pancreatic neuroendocrine tumors,
based on the fact that a higher affinity of neuroendo-
crine tumoral cells for ICG exists (when compared to
pancreatic cells). The largest study which came to
demonstrate utility of ICG in neuroendocrine pancre-
atic tumors detection has been published in 2017 by
Paiella and included 10 patients submitted to surgery
between March 2016 and October 2016 (10). In all
cases, 5 boli of 5 mg each of ICG were injected at every
60 seconds, most tumors being identified after the
second ICG bolus, with a mean latency time of 80 sec-
onds and a mean visibility time of 220 seconds. More-
over, the peak of visualization of the tumoral mass was
reached at 20 minutes after the administration of the
last ICG bolus. The first intravenous ICG bolus was ad-
ministrated after sectioning the gastrocolic ligament
and exposing the anterior surface of the gland. In or-
der not to diminish the ICG inflow at the level of the
pancreatic gland, the authors decided not to ligate the
splenic vessels until the moment of ICG administration
even if a splenopancreatectomy was planned. Mean-
while, the completeness of resection was also verified
by intraoperative ultrasound. After ICG administration
in two out of the 10 cases additional lesions were
found and were separately resected; however in both
cases the histopathological studies demonstrated that
these additional lesions were in fact lymph nodes. As
for the other lesions, the presence of neuroendocrine
tumors was confirmed in all cases by the histopatho-
logical studies (10). These data came to demonstrate
the correctitude of the authors’ supposition that, due
to the fact that ICG is bounded by the plasmatic pro-
teins, it will reach a higher concentration in blood and,
consecutively, a higher amount of ICG will be seen in
intensively vascularized tissues such as neuroendo-
crine tumoral tissues (10).

Another utility of ICG administration in pancreatic
surgery is related to the lymphatic drainage mapping
in order to establish the extent of the lymph node dis-
section. Therefore, in a study conducted by Hirono et
al., the authors injected ICG at the level of the anterior
pancreatic surface in 10 cases and respectively in the
posterior surface in other 10 cases and observed that
the main lymphatic patterns of spread were to the pa-
ra-aortic region in 17 cases and respectively to the su-
perior mesenteric artery in 4 cases; interestingly, the



meantime for reaching the superior mesenteric artery
region was higher when compared to the time for
reaching the para-aortic region; these data enabled
the authors to consider that during pancreatoduo-
denectomy lymph node dissection at the level of the
superior mesenteric artery might have similar out-
comes when compared to para-aortic lymph node dis-
section (11).

Similarly to colorectal cancer, intravenous adminis-
tration of ICG during pancreatic surgery also seems to
provide the advantage of identification of small liver
metastases which would be otherwise undetectable;
therefore the intraoperative intravenous administra-
tion of ICG seems to increase the rate of detection of
liver metastases and to avoid in this way performing
major surgical procedures in cases who already pres-
ent systemic disease (12).

Another interesting utility of ICG in pancreatic re-
sections is represented by the possibility of real time
visualization of the duodenal arterial supply as well as
of the biliary tract; based on these properties, intrave-
nous ICG administration proved to be an effective
method in order to decrease the intraoperative and
postoperative complications which might develop dur-
ing duodenum preserving pancreatic head resection
(also known as Beger procedure). Therefore, intrave-
nous administration of ICG provides a better visualiza-
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tion of the gastroduodenal and anterosuperior pan-
creatic duodenal artery as well as of the common bile
duct, decreasing in this way the risk of iatrogenic inju-
ry of these structures (13).

CONCLUSIONS

Although ICG administration in pancreatic surgery
has been only recently investigated, the method
seems to be extremely efficient in order to provide the
identification of different types of pancreatic lesions,
to exclude the presence of distant metastases such as
the hepatic ones, to provide a complete tumoral re-
section, to achieve a more specific lymph node dissec-
tion and to preserve certain vascular and biliary struc-
tures. Preliminary results published so far seem to be
extremely encouraging; however, larger studies are
still needed in order to explore the benefits of intrave-
nous or intrapancreatic injection of ICG and infrared
guided surgery.
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