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Introduction

Pancreatic neuroendocrine tumours (pNETs) are 
a distinct group of neoplasms arising from cells in the 
diffuse neuroendocrine system, located in the cells 
of Langerhans. Its incidence reaches 0.5 per 100,000 
population [1]. This type of neoplasm might cause the 
presentation of overt clinical syndromes, based on the 
type of the hormone they secrete. Active peptides like 
insulin, gastrin, glucagon, somatostatin, and VIP pro-
duced by pNETs are responsible for the development 
of clinical symptoms, which is the case in functional tu-
mours like insulinoma, gastrinoma, glucagonoma, so-
matostatinoma, and VIPoma [2]. Interestingly, most of 
these neoplasms (70%) do not produce distinct clinical 
syndromes, secreting minimal amounts of active pep-
tides or no hormones at all [3, 4].   

Because of the small size and indolent nature of 
pNETs, physicians and surgeons frequently face a huge 
clinical challenge during localization work-up either 
preoperatively or even intra-operatively [5]. Therefore, 
after biochemical confirmation of their presence, a vari-
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Abstract

Aim of the study: Pancreatic neuroendocrine tumours (pNETs) are rare tumours with a propensity to meta
stasize. Physicians frequently face a huge clinical challenge during the localization of these lesions. The aim of 
this study is to investigate whether fluorescence-guided localization techniques with indocyanine green (ICG) 
can be utilized as a detection tool in pNETs, along with any other clinical implications of this technique.

Material and methods: A thorough literature search in PubMed and Google Scholar, under the terms ‘ICG 
OR Indocyanine OR Fluorescence AND Neuroendocrine’ until 31 June 2021, regarding the utilization of indocya-
nine-fluorescence in localization of pancreatic neuroendocrine, was conducted by the authors, and the associ-
ated results are presented.

Results: Indocyanine fluorescence imaging may facilitate the efforts of surgeons to identify occult pancre-
atic neuroendocrine lesions, assisting them in the identification of resection margins and delineation of the 
surgical anatomy when it is difficult to clarify.

Conclusions: Indocyanine-fluorescence imaging might play a pivotal role in pancreatic surgery in terms of 
localization for neuroendocrine tumours. However, further large-scale clinical studies are needed to assess the 
absolute indications and optimal use of this technique.
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ety of imaging techniques is nowadays utilized in order 
to successfully confirm their exact location within the 
pancreatic gland [6]. Computed tomography is the most 
commonly used modality, with a mean sensitivity for 
pNETs of 82%, while magnetic resonance imaging (MRI) 
has a similar mean sensitivity of 79%, being at the same 
time more sensitive for the detection of liver metastases 
[7, 8]. Finally, endoscopic ultrasound EUS and fine-needle 
aspiration is a useful extra imaging tool that is currently 
considered the most sensitive test for localizing small 
pNETs based on recent scientific data [9].

Recently, Indium-111 somatostatin receptor scintigra-
phy and gallium-68 positron emission tomography, both 
of which use radiolabelled somatostatin analogues to lo-
calize pNETs have brought a revolution in the localization 
process of pNETs, with the latter becoming the functional 
imaging modality of choice with sensitivity and specificity 
for the diagnosis to be 93% and 91%, respectively [10]. In 
spite of that, when these imaging modalities are used, 
pre-operative and intraoperative detection rates are suc-
cessful in 92% of cases, whereas localization of tumours 
less than 2 cm remains difficult even during surgery [5, 11]. 
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Intraoperative ultrasound seems to be beneficial in such 
cases, and recently fluorescence-guided (FG) surgery has 
emerged as a novel intraoperative modality to assist 
surgeons to localize such tumours, sentinel lymph nodes, 
and adjacent vital structures in real time [12]. The aim 
of this study is to investigate whether FG localization 
techniques with indocyanine green (ICG) can be utilized 
as a detection tool in cases of pNETs, especially when 
conventional imaging studies fail, along with any other 
clinical implications of this technique. 

General principles of indocyanine  
green-fluorescence imaging

A growing body of scientific data have reported that 
near-infrared (NIR) fluorescence imaging is a promising 
technique able to facilitate intraoperative, real-time, vi-
sual information in many different surgical operations 
[13, 14]. Contrast agents that target tumour-specific 
characteristics are considered prerequisite in order to 
detect tumours using NIR fluorescence [15, 16]. Despite 
that, these novel tumour-specific agents are under de-
velopment and are not clinically available yet. The only 
agent currently in use approved by the US Food and 
Drug Administration is ICG [17]. Although this is not tu-
mour specific, the enhanced permeability and retention 
(EPR) effect of this agent can be used to obtain accu-
mulation in tumours [18]. Newly formed, more porous 
blood vessels in cases of malignant tissue growth allow 
ICG to accumulate in the surrounding tissues. Concur-
rently, poorly developed lymphatics in the tumour area 
result in an increased retention of this agent [16].

Fluorescence imaging using ICG as a  fluorophore 
has been applied in cases when it is necessary to as-
sess coronary artery bypass graft patency, visualize 
cancerous lymph nodes, and identify sentinel lymph 
nodes during breast and gastric cancer surgeries [19]. 
Indocyanine green enters hepatocytes and is excreted 
into bile. Therefore, the technique was initially utilized 
in hepatobiliary surgery, able to visualize malignant liv-
er lesions, bile ducts during cholecystectomy, and he-
patic arterial/portal blood flow [20, 21]. Two separate 
studies have demonstrated the efficacy in visualization 
of pancreatic lesions, including 13% of pancreatic ade-
nocarcinomas and 100% of pNETs [16, 22].

As far as the basic principles of ICG administration 
are concerned, ICG is usually administered intravenous-
ly before the beginning of the surgical procedure and 
in various time intervals intraoperatively. This dye be-
comes fluorescent when excited by light with specific 
wavelength in the near-infrared radiation (NIR) spec-
trum. A variety of fluorescence imaging systems exist, 
able to overlay fluorescence imaging on background co-
lour images by visualizing visible and near-infrared rays 
[23, 24].  For open surgery the camera imaging head 
is usually manually positioned approximately 30 cm 

above the pancreas, and interpretation of the exact tu-
mour location and the appropriate resection margins 
is feasible after intraoperative administration of ICG in 
non-toxic doses [19]. 

Usefulness of indocyanine green 
fluorescence imaging for real-time 
visualization of pancreatic neuroendocrine 
tumours 

Scientific data have demonstrated that visualization 
of the liver perfusion status using ICG fluorescence 
imaging is feasible, highlighting the fact that liver re-
gions without hepatic artery or portal vein flow do not 
demonstrate fluorescence [25, 26]. More specifically, 
Kawaguchi et al. [26] studied 21 consecutive patients 
who underwent liver resection with excision of major 
hepatic veins and were evaluated using ICG fluorescence 
imaging after clamping veins and injecting ICG. They 
concluded that ICG fluorescence imaging with hepatic 
vein clamping visualized non-veno-occlusive, veno- 
occlusive, and ischaemic regions, emphasizing the role of 
this technique in guiding liver transection by intraopera-
tive navigation. The same team of authors hypothesized 
that hypervascular lesions such as pNETs can exhibit 
strong fluorescence images because their vascularity 
is richer than that of the surrounding parenchyma [19].

To evaluate and support their hypothesis Shirata  
et al. [19] tried to assess and compared the fluores-
cence intensity (FI) of pancreatic lesions and the sur-
rounding parenchyma in a group of 23 patients based 
on the types and vascularity of pancreatic. A fluores-
cence imaging system (PINPOINT; Stryker, San Jose, CA) 
was used for open and laparoscopic surgery, while 1 ml 
of ICG (2.5 mg) was administered intravenously, placing  
a  30˚ near-infrared camera 30 cm above the surgical 
field. Five patients underwent distal pancreatic resec-
tion for neuroendocrine hypervascular tumours that 
ranged in size between 9.0 and 45.1 mm. They found 
that the FI values were significantly higher in pNETs 
compared with those in the surrounding pancreatic pa-
renchyma, determining the exact location of resection 
line in order to obtain negative margins. Given the fact 
that the vascularity of pNETs is richer than that of the 
surrounding pancreatic parenchyma, pNETs exhibited 
1.99 times higher FI than the surrounding tissues, mak-
ing them identifiable in 100% of cases.  

Paiella et al. [22] aimed to explore the results of the 
application of NIR in the laparoscopic resection of pNETs 
in a group of 10 patients with ages ranging from 39 to 
66 years, who underwent laparoscopic pancreatic surgery 
(PS) for pNETs. The near-infrared system used in this 
study was the D-Light P (Karl Storz GmbH e Co. KG, Tut-
tlingen, Germany), and patients received ICG 25 mg given 
in 5 boluses of 5 mg each. Indocyanine green-fluores-
cence imaging identified all 10 pNETs. Nine laparoscopic 
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distal pancreatectomies with splenectomy and 1 lapa-
roscopic enucleation were performed. Eight non-func-
tioning pNETs and 2 insulinomas were found in the final 
histological specimen. Ninety per cent of the lesions were 
detected after the second ICG bolus with a mean latency 
time of 80 sec, while the peak of tumour fluorescence 
was reached 20 min after the last bolus. In the case of 
enucleation, a fluorescent signal was identified at the bed 
of the initial resection, and therefore a further resection 
was performed in order to achieve negative margins. 
Thus, they concluded that NIR with ICG can play a role 
in laparoscopic pancreatic resection of pNETs. Table 1 
summarizes the results of the aforementioned studies. 

Discussion

Pancreatic neuroendocrine tumours are rare tu-
mours with indolent growth and a propensity to metas-
tasize. There is vast heterogeneity on how they appear; 
some of them present with debilitating hormonal syn-
dromes and bulky liver metastatic burden, whereas oth-
ers may be asymptomatic, incidentally discovered via 
imaging studies [6]. Surgery remains the cornerstone of 
treatment, and as far as patients with localized disease 
are concerned, resection may be curative. Even patients 
with large metastatic liver deposits seem to benefit, in 
terms of symptom control and survival, after debulking 
surgical operations [27].

 Computed tomography and MRI have been em-
ployed with varying success rates depending on the 
tumour subtype. Although these imaging modalities 
have a very high rate of detection for larger tumours, 
the results for smaller tumours are not optimal [28]. Vi-
sual inspection, manual palpation, and intraoperative 

ultrasound are utilized nowadays in order to identify 
pancreatic lesions and their borders intraoperatively. 
Nonetheless, a significant proportion of pNETs are not 
identifiable with the conventional imaging techniques. 
Failure to localize pNETs occurs in up to 30% of patients 
with gastrinoma and 10% with insulinoma [5].

In this direction, ICG fluorescence imaging may fa-
cilitate the efforts of surgeons to identify occult pancre-
atic neuroendocrine lesions [19]. Invisible NIR fluores-
cent light, capable of penetrating millimetres into living 
tissue, is advantageous because it offers no change to 
the naked eye appearance of the surgical field, high-res-
olution images, and no significant increase in time of 
surgical operation. Newer imaging systems have been 
developed such as the FLARE™ system, which is also 
capable of displaying surgical anatomy with 2 indepen-
dent channels of NIR fluorescence simultaneously [29]. 

This imaging modality might further help in the 
identification of resection margins and in cases of R1 
resections, it could guide surgeons to operate further, 
as reported by Paiella et al. [22]. Newton et al. [17] 
concluded that NIR with ICG may provide meaningful 
tumour demarcation that correlates with tumour mar-
gins. Moreover, they reported that this technology may 
also be a promising way to assess the response to neo-
adjuvant treatment. Several studies also reviewed the 
use of NIR with ICG to assess its role within the senti-
nel node mapping; such studies are required in order to 
justify its use in these cases. Furthermore, the common 
bile duct and biliary anastomoses can easily be visual-
ized during ICG-fluorescence study in cases of pancre-
atic resections [30]. Therefore, these imaging strategies 
could also be beneficial during PS in cases where the 
surgical anatomy is difficult to identify [16].

Table 1. The most relevant studies for ICG fluorescence in pancreatic neuroendocrine tumours

Authors Patients Gender Age Histology Fluorescence 
or defect

Indocyanine green – 
dose detection

Latency time 
(sec)

Shirata 
et al. [19]

1 F 77 NET Fluorescence N/R N/R

2 M 47 NET Fluorescence N/R N/R

3 M 70 NET Fluorescence N/R N/R

4 M 39 NET Fluorescence N/R N/R

5 F 34 NET Fluorescence N/R N/R

Paiella 
et al. [22]

1 M 44 NF-pNET Fluorescence 2 70

2 M 66 NF-pNET Fluorescence 3 130

3 M 59 NF-pNET Fluorescence 2 75

4 F 45 Insulinoma Fluorescence 2 70

5 F 43 NF-pNET Fluorescence 2 70

6 M 41 Insulinoma Fluorescence 2 80

7 F 39 NF-pNET Fluorescence 2 80

8 F 53 NF-pNET Fluorescence 2 70

9 M 43 NF-pNET Fluorescence 2 75

10 F 59 NF-pNET Fluorescence 2 70

NET – neuroendocrine tumour, NF-pNET – non-functional pancreatic neuroendocrine tumour, N/R – not reported
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Yokoyama et al. [31] reported successful intraoper-
ative detection of liver metastatic lesions (of at least  
1.5 mm of diameter) in up to 16% of patients undergoing 
pancreatic resection without preoperative identifications 
of metastatic disease. Also, several preclinical studies 
have proven the efficacy of ICG fluorescence in the 
identification of pancreatic tumours in animal models 
[32, 33]. Based on the available scientific data, pNETs 
were visualized because they are hypervascular lesions 
when compared to the surrounding parenchyma [19, 22]. 
Thus, the correct timing of ICG administration seems to 
be intraoperative, because there are no influx and efflux 
transporters in the pancreatic tissues and lesions [34]. 

Conclusions

Indocyanine green fluorescence might play a pivotal 
role in PS for pNETs. However, further large-scale clin-
ical studies are needed to assess the optimal dosage 
time of administration of ICG in order to maximize the 
positive results. The broad utilization of this technique, 
by increasing negative margin specimens and by lead-
ing surgeons to proceed to adequate lymphadenecto-
my during pancreatic resections, might affect long-term 
survival of these patients.
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