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Summary. The use of fluorescence-guided surgery for benign and malignant hepatobiliary (HPB) neoplasms 
has significantly increased and improved imaging methods creating new interesting perspectives. A major chal-
lenge in HPB surgery is performing radical resection with maximal preservation of the liver parenchyma and 
obtaining a low rate of complications. Despite the developments, visual inspection, palpation, and intraopera-
tive ultrasound remain the most utilized tools during surgery today.  In laparoscopic and robotic HPB surgery 
palpation is not possible. Fluorescence imaging enables identification of subcapsular liver tumors through ac-
cumulation of indocyanine green (ICG), after preoperative intravenous injection, in cancerous tissues of hepato-
cellular carcinoma and in noncancerous hepatic parenchyma, around intrahepatic cholangiocarcinoma and liver 
metastases, and it can also be used for visualizing extrahepatic bile duct anatomy and hepatic segmental borders, 
increasing the accuracy and the easiness of open and minimally invasive hepatectomy. (www.actabiomedica.it)
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Introduction

Since its approval (1954) by U.S. Food and Drug 
Administration, Indocyanine green (ICG) has been 
widely employed in many different clinical settings. At 
the beginning, it has been helpful to evaluate cardiac 
output and liver function.

In the 1970s, protein-bound ICG was found to 
emit fluorescence, peaking at about 840 nm, under il-
lumination with near-infrared light (750−810 nm) (1).

Then ICG was initially clinically used for ocular 
fundus angiography in the early 1990s (2). With the 
advances in technology over the recent years, ICG 
fluorescence imaging has received significant inter-
est for use in various surgical procedures, i.e. to detect 
lymphatic flow in the extremities (3), sentinel lymph 

nodes in patients with breast (4) and gastrointestinal 
cancers (5), to evaluate blood flow during coronary ar-
tery bypass grafting (6) and clipping of cerebral artery 
aneurysms (7).

Primary liver cancer and liver metastases of colo-
rectal cancer are among the most common leading 
causes of cancer-related death worldwide (8) and sur-
gery represents one of the main treatments to obtain 
the best results in overall and disease free survival.

Over the last few decades, imaging technologies 
in hepatobiliary (HPB) surgery such as ultrasonog-
raphy (US), computed tomography (CT), magnetic 
resonance imaging (MRI), and positron emission to-
mography (PET) have become indispensable tools for 
preoperative planning in surgical procedures. During 
interventions, in liver surgery, the surgeon must recog-
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nize vital anatomical structures and, in case of tumor, 
discriminate between lump and healthy tissue by visual 
inspection and palpation. Although in some cases in-
traoperative imaging modalities such as US or cholan-
giography can be applied. Irradical (R1) oncologic re-
sections and iatrogenic surgical injuries are still major 
issues in hepatobiliary surgery.

Real-time visualization of the liver and localiza-
tion of hepatic tumors can help surgeons to perform 
therapeutic liver resections even with sparing paren-
chyma hepatectomies, thereby reducing post-operative 
complications. 

During development of fluorescence cholangio-
graphy, it has been observed that ICG accumulates in 
primary tumor liver cells and around adenocarcinoma 
mass, thereafter a new imaging technique has taken 
place. 

ICG fluorescence imaging (FI) technique helps 
to guide the hepatic surgical procedures and provides 
the surgeon with real-time visualization of the fluores-
cent structures of interest that would be invisible under 
conventional white light. The extrahepatic bile duct 
anatomy and liver tumors can be emphasized, and he-
patic segments highlighted, based on the fluorescence 
property of ICG and its biliary excretion.

The aim of this paper is to report useful aspects in 
the practice about this imaging technique in HPB sur-
gery, and showing the concept and the technical bases 
of fluorescence imaging, by summarizing its practical 
and technical aspects, and describe the features of the 
images that can be obtained, and the limitations of its 
use in hepatic surgery.

Useful indocyanine green features

Indocyanine green, is a hydrosoluble molecule 
(disulfonated heptamethine indocyanine) with the 
characteristics of fluorescent dye. Its metabolic prop-
erties of intravascular confinement, binding plasma 
and bile high molecular weight proteins (eg. albumin, 
lipoproteins), that are not metabolized, and do not 
alter protein structure, avoid the toxicity of intrave-
nous administration and maintain efficacy at low doses 
(9,10). Furthermore, thanks to its rapid and biliary ex-
cretion, via an active transport system, to its spectral 
proprieties, and to the development of suitable imag-

ing systems, application of ICG fluorescence has been 
extended to several surgical fields.

Characteristically, under the action of light, de-
pending on wavelengths, the level of energy of the 
molecules rises; as soon as the level returns to its basal 
state, light is emitted. The difference between excita-
tion and emission wavelengths is exploited thanks to 
cameras equipped with interferential filters to obtain 
the images.

Fluorescent light is largely attenuated by hemo-
globin and water as it traverses biological tissues. 
Hemoglobin strongly attenuates all wavelengths less 
than 700 nm (which corresponds in fact to the entire 
visible spectrum excepting deep red). Water is trans-
parent in visible and near-infrared light but attenuates 
wavelengths over 900 nm. Therefore, there is a “win-
dow” of wavelengths at the limit between deep red and 
near infrared (700–900 nm) where tissue transpar-
ency is maximal. This is one of the reasons why ICG 
fluorescence can be detected in the near-infrared zone 
from as deep as 10 mm from the surface of tissues (11).

In hepatic surgery, the ICG dye has been used to 
evaluate hepatic function and more recently to out-
line hepatectomy strategies for oncologic resections 
(12,13) and to plan hepatectomy in living donor he-
patic transplantation (14).

 After its intravenous or direct intrabiliary injec-
tion (15), imaging techniques based on near-infrared 
ICG fluorescence, allow the visualization of bile ducts 
(16-18), as well as primary and metastatic liver tumors 
during surgery (19,20). 

Basically, ICG is administered intravenously be-
fore, or even during surgery, in a variable interval time, 
and lights up the liver surface when illuminated with 
a near-infrared source intraoperatively. Several studies 
have reported that an intravenous preoperative ICG 
administration of 0.25–0.5 mg/kg from 12 hours to 14 
days helps to identify tumors by intraoperative fluores-
cence (21,22). After the injection, tumoral and non-
tumoral hepatocytes rapidly take up ICG. Normally 
ICG is excreted in the bile and disappears from healthy 
liver parenchyma within a few hours (23). On the other 
hand, ICG remains fixed in tumoral hepatocytes and in 
pathological areas of the liver, particularly around non-
hepatocellular tumors, where hepatocytes are underac-
tive. The features of the camera allow the detection of 
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hepatocellular (tumor fluorescence) and non-hepato-
cellular tumors (peri-tumoral fluorescence), thanks to 
fluorescent light emitted by withheld ICG.

Apparatus Fluorescence imaging system

Apparatus for fluorescence imaging system (FIS) 
is a mobile system, which provides real time quantita-
tive fluorescent imaging (Fig. 1). The system includes 
an infrared camera and an amplifier. The camera simul-
taneously provides the functions of fluorescence exci-
tation with a laser (LED emitting an infrared radiance) 
over the operative field, and fluorescence image acqui-
sition is ensured by a captor, which filters the light, so 
that only near infrared wavelengths can be seen. 

The camera and cable do not need to be sterilized. 
The screen and amplifier are placed sufficiently far 
away, thanks to the length of the cable; so that a non-
sterile person can hold the infrared camera above the 
sterile operative field. 

ICG based imaging

ICG most important uses during hepatobiliary 
surgery for tumors are: cholangiography, liver map-
ping, and intra and post-operative tumor detection.

The main application of fluorescence imaging (FI) 
ICG-based is the visualization and the study of biliary 
anatomy. Because of its biliary excretion starting ap-
proximately 30 min after intravenous injection, ICG 
biliary imaging allows a clear visualization of the bil-
iary anatomy, which is useful during difficult cholecys-
tectomies and during resections of centrally located 
liver tumors and hilar cholangiocarcinoma (17,24). In 
case of intra-hepatic cholangiography FI-ICG based 
is limited by depth of the tissue (5–10 mm) (25), nev-
ertheless ICG cholangiography can detect bile duct 
leakages during hepatectomies, that are missed by 
other routine tests, like shown by Keiburi et al. in a 
controlled trial (26).

Anatomic segmentectomy is an essential surgical 
technique in hepatectomy, balancing cancer curability 
and postoperative hepatic function. Delineation of 
liver segments can help surgeons to perform resections 
based on the exact segmental liver anatomy (27). For 
this purpose, intra-operative contrast-enhanced ul-
trasound remains the gold standard for liver mapping 
(28). Hepatic segments can be identified prior to resec-
tion by a dye-staining technique, in which indigo-car-
mine solution is injected into the corresponding portal 
branch under US guidance, and segments boundaries 
are defined as blue staining of hepatic surfaces. How-
ever, portal hypertension, in the case of liver cirrhosis, 
might obstruct conventional liver mapping by US. In 
contrast, FI allows accurate visualization even in the 
case of liver cirrhosis (29).

One of the disadvantages to ICG-FI is that track-
ing the stained plane during dissection of the liver pa-
renchyma is difficult. The fluorescent dye within the 
targeted segment gradually disappears and is necessary 
a repeated injection of ICG or temporally clamping the 
hepatic artery for reducing washout of the dye and per-
manently visualize the segment. Additionally, a small 
amount of ICG circulates through the body after injec-
tion into the portal vein branch, which eventually stains 
the entire liver. To avoid these problems, intermittent 
periods of inflow clamping using the Pringle maneuver 
are recommended (30). This obtains continuous fluo-
rescence imaging during the operation and allows per-
sistent visualization of the segmental boundaries (31).

Detection of lesions by fluorescence is based on 
the contrast between tumoral or peri-tumoral fluores-

Figure 1. Fluorescence imaging system. The camera includes a 
laser and a captor: the laser emits a radiance that induces the ex-
citation of fluorescence of the ICG molecules, while the captor 
filters the light so that near-infrared wavelengths can be seen on 
the screen. 1A: The system is integrated into a laparoscopic col-
umn. 1B: open surgery bundle. 1C: laparoscopic surgery bundle
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cent tissues and the rest of the non-fluorescent liver 
tissue. The observation that hepatocellular carcinoma 
(HCC) and colorectal metastases (CLL) were detect-
able by infrared light after ICG was administered in-
travenously as part of a routine pre-surgical liver func-
tion test has been employed in the clinical setting of 
intraoperative detection of liver tumors (20,32). More-
over, fluorescence patterns are related to the type of 
cancer and its grade of differentiation (22). Moreover, 
fluorescence patterns are related to the type of cancer 
and its grade of differentiation. Injured bile excretion 
in HCC cells means that ICG is retained, therefore 
well-differentiated HCCs can be detected by strong, 
homogenous fluorescence emissions. In contrast, in 
poorly-differentiated HCCs and metastases ICG is re-
tained in the parenchyma cytoplasm. This means that 
poorly-differentiated HCCs and CLL produce rim 
type fluorescence patterns (Fig. 2). 

A single dose of ICG (generally 0.5 mg/kg) for 
routine liver function tests, administered within 14 
days prior to surgery, is sufficient to identify tumors by 
fluorescence imaging.

Normal liver tissue can rapidly uptake ICG, 
which it is usually eliminated in bile; however, severely 
cirrhotic liver tissue may not be able to eliminate ICG.

Among limits for viewing tumors using FIS-
ICG, there’s limited depth of infrared light penetra-
tion and tissue thickness. Both affect the fluorescence 
intensity. Infrared light can only penetrate 5–10 mm 
of tissue and deeper lesions cannot be visualized. Kudo 
et al. (33) showed that tumors located 8 mm or more 
from the liver surface could not be identified, both re-
sected liver metastasis and HCCs. Kudo in his study, 
evidenced that only tumors that were 5 mm or closer 
to the liver surface were observable by ICG-FIS. 

The study from Peloso A., et al. in 2013 (34) gives 
preliminary clinical evidence that the intraoperative 
use of ICG fluorescence can improve detection of 
CLL, particularly in case of very small lesions, which 
are frequently missed with conventional imaging mo-
dalities.

Literature data highlight the usefulness of fluo-
rescence guided surgery to detect new tumors not 
diagnosed by preoperative imaging. Handgraaf et al., 
in their retrospective analysis (35), observed that the 
percentage of patients in whom additional lesions were 

identified during surgery was significantly higher by 
near infrared fluorescence imaging in addition to in-
spection, palpation or intraoperative ultrasound and 
the diameter of the lesions identified by fluorescence 
were smaller than lesions detected by conventional di-
agnostic procedures. 

On the other hand, malignant tumors cannot be 
distinguished from benign tumors, thus leading to a 
high false positive rate.

Conclusions

The development of more specific molecular trac-
ers should help finding new indications for the appli-
cation of fluorescence guided surgery. Molecular in-
formation provided by this technique could present a 
paradigm change in decision-taking during resection. 

On the other side there has been a steady growth 
in commercially marketed systems, each with their 

Figure 2. Schematic visualization of liver lesions by FIS. A - 
homogeneous fluorescence (tipical aspect of well differentiated 
HCC); B - partial fluorescence (visualized in moderately dif-
ferentiated HCC); C - peri-tumoral fluorescence (fluorescent 
ring in poorly differentiated HCC, colorectal liver metastasis, 
cholangiocarcinomas)
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own differentiated performance characteristics and 
specifications (36). 

Intraoperative fluorescence imaging will develop 
into an essential navigation tool, particularly in lapa-
roscopic and robotic liver surgery. This trend will al-
low surgeons to personalize the procedures according 
to cancer spread, anatomical variations, and risks of 
complications.

In these perspectives, procedural protocols should 
be uniformed for different fields of application. Timing 
of injection and optimal dosage of ICG are important 
issues for the standardization of the technique. Some 
authors have suggested to inject ICG before surgery, 
and time interval ranged from 1 to 14 days, while oth-
ers proposed an intraoperative injection (37,38). Most 
authors prefer to inject ICG 24 hours before surgery, 
in order to consistently reduce physiological hepatic 
uptake and to allow the drug to concentrate in the 
tumor, and 0.5 mg/kg represents the most commonly 
used dose.

Even administration routes of ICG were differ-
ently applied, related to preoperative or intraoperative 
ICG use (e.g. portal vein or right vein of the stomach, 
central venous catheter, or peripheral vein) (39).

ICG-fluorescence imaging can be used safely and 
easily to identify liver tumors, hepatic segments, and 
extrahepatic bile ducts, in real time during open and 
minimally invasive surgery. 

Despite the various benefits of FI-ICG based in 
hepatobiliary surgery, there are some drawbacks; these 
include limited tissue penetration and poor specificity. 
Intraoperative US remains the goal standard for detec-
tion of deeper tumors and FI-ICG based is comple-
mental.

In the literature the high incidence of false posi-
tives in tumors detection (about 40%) (19,40) is evi-
dent, mostly in liver cirrhosis.

Further clinical studies are required to assess the 
sensitivity and specificity of FI-ICG based during 
hepatobiliary surgery.

References

1.  Landsman ML, Kwant G, Mook GA, Zijlstra WG. Light-
absorbing properties, stability, and spectral stabilization of in-
docyanine green. J Appl Physiol 1976;40:575-83.

2.  Guyer DR, Puliafito CA, Monés JM, Friedman E, Chang W,    

   Verdooner SR. Digital Indocyanine-green Angilography in 
Chorioretinal Disorders. Ophthalmology 1992;99:287-91.

  3.  Ogata F, Azuma R, Kikuchi M, Koshima I, Morimoto Y. 
Novel lymphography using indocyanine green dye for near-
infrared fluorescence labeling. Ann Plast Surg 2007;58:652-5.

  4.  Kitai T, Inomoto T, Miwa M, Shikayama T. Fluorescence 
navigation with indocyanine green for detecting sentinel 
lymph nodes in breast cancer. Breast Cancer 2005;12:211-5.

  5.  Kusano M, Tajima Y, Yamazaki K, Kato M, Watanabe M, 
Miwa M. Sentinel node mapping guided by indocyanine 
green fluorescence imaging: a new method for sentinel 
node navigation surgery in gastrointestinal cancer. Dig Surg 
2008;25:103-8.

  6.  Rubens FD, Ruel M, Fremes SE. A new and simplified meth-
od for coronary and graft imaging during CABG. Heart Surg 
Forum 2002;5:141-4.

  7.  Raabe A, Nakaji P, Beck J, Kim LJ, Hsu FP, Kamerman JD, 
Seifert V, Spetzler RF. Prospective evaluation of surgical mi-
croscope-integrated intraoperative near-infrared indocyanine 
green videoangiography during aneurysm surgery. J Neuro-
surg 2005;103:982-9.

  8.  Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, 
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin 
2015;65:87-108.

  9.  Kochubey VI. Spectral Characteristics of Indocyanine Green 
upon Its Interaction with Biological Tissues. Optics and 
Spectroscopy 2005;99:560.

10.  Cherrick GR, Stein SW, Leevy CM, Davidson CS. Indo-
cyanine green: observations on its physical properties, plasma 
decay, and hepatic extraction. J Clin Invest 1960;39:592-600.

11.  Desmettre T, Devoisselle JM, Soulie-Begu S, Mordon S. Flu-
orescence properties and metabolic features of indocyanine 
green (ICG). J Fr Ophtalmol 1999;22:1003-16.

12.  Makuuchi M, Kosuge T, Takayama T, Yamazaki S, Kakazu 
T, Miyagawa S, Kawasaki S. Surgery for small liver cancers. 
Semin Surg Oncol 1993;9:298-304.

13.  Seyama Y, Kubota K, Sano K, Noie T, Takayama T, Kosuge 
T, Makuuchi M. Long-term outcome of extended hemihepa-
tectomy for hilar bile duct cancer with no mortality and high 
survival rate. Ann Surg 2003;238:73-83.

14.  Faybik P, Krenn CG, Baker A, Lahner D, Berlakovich G, 
Steltzer H, Hetz H. Comparison of invasive and noninvasive 
measurement of plasma disappearance rate of indocyanine 
green in patients undergoing liver transplantation: a prospec-
tive investigator-blinded study. Liver Transpl 2004;10:1060-
4.

15.  Liu YY, Liao CH, Diana M, Wang SY, Kong SH, Yeh CN, 
Dallemagne B, Marescaux J, Yeh TS. Near-infrared cholecys-
tocholangiography with direct intragallbladder indocyanine 
green injection: preliminary clinical results. Surg Endosc 
2018;32:1506-14.

16.  Ishizawa T, Bandai Y, Hasegawa K, Kokudo N. Fluorescent 
Cholangiography during Laparoscopic Cholecystectomy: In-
docyanine Green or New Fluorescent Agents? Letter to the 
Editor. World Journal of Surgery 2010;34:2505-6.

17.  Ishizawa T, Bandai Y, Ijichi M, Kaneko J, Hasegawa K, 
Kokudo N. Fluorescent cholangiography illuminating the 



G. Rossi, A. Tarasconi, G. Baiocchi, et al.140

biliary tree during laparoscopic cholecystectomy. Br J Surg 
2010;97:1369-77.

18.  Ishizawa T, Tamura S, Masuda K, Aoki T, Hasegawa K, Ima-
mura H, Beck Y, Kokudo N. Intraoperative fluorescent chol-
angiography using indocyanine green: a biliary road map for 
safe surgery. J Am Coll Surg 2009;208:e1-4.

19.  Ishizawa T, Fukushima N, Shibahara J, Masuda K, Tamura 
S, Aoki T, Hasegawa K, Beck Y, Fukayama M, Kokudo N. 
Real-time identification of liver cancers by using indocyanine 
green fluorescent imaging. Cancer 2009;115:2491-504.

20.  Gotoh K, Yamada T, Ishikawa O, Takahashi H, Eguchi H, 
Yano M, Ohigashi H, Tomita Y, Miyamoto Y, Imaoka S. A 
novel image-guided surgery of hepatocellular carcinoma by 
indocyanine green fluorescence imaging navigation. J Surg 
Oncol 2009;100:75-9.

21.  Morita Y, Sakaguchi T, Unno N, Shibasaki Y, Suzuki A, Fu-
kumoto K, Inaba K, Baba S, Takehara Y, Suzuki S, Konno 
H. Detection of hepatocellular carcinomas with near-infrared 
fluorescence imaging using indocyanine green: its usefulness 
and limitation. Int J Clin Oncol 2013;18:232-41.

22.  Lim C, Vibert E, Azoulay D, Salloum C, Ishizawa T, Yosh-
ioka R, Mise Y, Sakamoto Y, Aoki T, Sugawara Y, Hasegawa 
K, Kokudo N. Indocyanine green fluorescence imaging in the 
surgical management of liver cancers: current facts and future 
implications. J Visc Surg 2014;151:117-24.

23.  Branch RA. Drugs as indicators of hepatic function. Hepa-
tology 1982;2:97-105.

24.  Ashitate Y, Stockdale A, Choi HS, Laurence RG, Frangioni 
JV. Real-time simultaneous near-infrared fluorescence imag-
ing of bile duct and arterial anatomy. J Surg Res 2012;176:7-
13.

25.  Mitsuhashi N, Kimura F, Shimizu H, Imamaki M, Yoshi-
dome H, Ohtsuka M, Kato A, Yoshitomi H, Nozawa S, 
Furukawa K, Takeuchi D, Takayashiki T, Suda K, Igarashi 
T, Miyazaki M. Usefulness of intraoperative fluorescence 
imaging to evaluate local anatomy in hepatobiliary surgery. J 
Hepatobiliary Pancreat Surg 2008;15:508-14.

26.  Kaibori M, Ishizaki M, Matsui K, Kwon AH. Intraoperative 
indocyanine green fluorescent imaging for prevention of bile 
leakage after hepatic resection. Surgery 2011;150:91-8.

27.  Billingsley KG, Jarnagin WR, Fong Y, Blumgart LH. Seg-
ment-oriented hepatic resection in the management of ma-
lignant neoplasms of the liver. Journal of the American Col-
lege of Surgeons 1998;187:471-81.

28.  Makuuchi M, Hasegawa H, Yamazaki S. Ultrasonically guid-
ed subsegmentectomy. Surg Gynecol Obstet 1985;161:346-
50.

29.  Aoki T, Murakami M, Yasuda D, Shimizu Y, Kusano T, Mat-
suda K, Niiya T, Kato H, Murai N, Otsuka K, Kusano M, 
Kato T. Intraoperative fluorescent imaging using indocyanine 
green for liver mapping and cholangiography. J Hepatobiliary 
Pancreat Sci 2010;17:590-4.

30.  Miyata A, Ishizawa T, Tani K, Shimizu A, Kaneko J, Aoki T, 
Sakamoto Y, Sugawara Y, Hasegawa K, Kokudo N. Reap-
praisal of a Dye-Staining Technique for Anatomic Hepatec-
tomy by the Concomitant Use of Indocyanine Green Fluo-
rescence Imaging. J Am Coll Surg 2015;221:e27-36.

31.  Aoki T, Yasuda D, Shimizu Y, Odaira M, Niiya T, Kusano 
T, Mitamura K, Hayashi K, Murai N, Koizumi T, Kato H, 
Enami Y, Miwa M, Kusano M. Image-guided liver mapping 
using fluorescence navigation system with indocyanine green 
for anatomical hepatic resection. World J Surg 2008;32:1763-
7.

32.  Ishizawa T, Bandai Y, Kokudo N. Fluorescent cholangio-
graphy using indocyanine green for laparoscopic cholecystec-
tomy: an initial experience. Arch Surg 2009;144:381-2.

33.  Kudo H, Ishizawa T, Tani K, Harada N, Ichida A, Shimizu 
A, Kaneko J, Aoki T, Sakamoto Y, Sugawara Y, Hasegawa K, 
Kokudo N. Visualization of subcapsular hepatic malignancy 
by indocyanine-green fluorescence imaging during laparo-
scopic hepatectomy. Surg Endosc 2014;28:2504-8.

34.  Peloso A, Franchi E, Canepa MC, Barbieri L, Briani L, Fer-
rario J, Bianco C, Quaretti P, Brugnatelli S, Dionigi P, Maes-
tri M. Combined use of intraoperative ultrasound and indo-
cyanine green fluorescence imaging to detect liver metastases 
from colorectal cancer. Hpb 2013;15:928-34.

35.  Handgraaf HJM, Boogerd LSF, Hoppener DJ, Peloso A, 
Sibinga Mulder BG, Hoogstins CES, Hartgrink HH, van de 
Velde CJH, Mieog JSD, Swijnenburg RJ, Putter H, Maes-
tri M, Braat AE, Frangioni JV, Vahrmeijer AL. Long-term 
follow-up after near-infrared fluorescence-guided resection 
of colorectal liver metastases: A retrospective multicenter 
analysis. Eur J Surg Oncol 2017;43:1463-71.

36.  Souza AVD, Lin H, Henderson ER, Samkoe KS, Pogue BW. 
Review of fluorescence guided surgery systems: identification 
of key performance capabilities beyond indocyanine green 
imaging. J Biomed Opt 2016;21:80901.

37.  Abo T, Nanashima A, Tobinaga S, Hidaka S, Taura N, Takagi 
K, Arai J, Miyaaki H, Shibata H, Nagayasu T. Usefulness 
of intraoperative diagnosis of hepatic tumors located at the 
liver surface and hepatic segmental visualization using indo-
cyanine green-photodynamic eye imaging. Eur J Surg Oncol 
2015;41:257-64.

38.  Takahashi H, Zaidi N, Berber E. An initial report on the 
intraoperative use of indocyanine green fluorescence imaging 
in the surgical management of liver tumorss. J Surg Oncol 
2016;114:625-9.

39.  Zhang YM, Shi R, Hou JC, Liu ZR, Cui ZL, Li Y, Wu D, 
Shi Y, Shen ZY. Liver tumor boundaries identified intraop-
eratively using real-time indocyanine green fluorescence im-
aging. J Cancer Res Clin Oncol 2017;143:51-8.

40.  Ishizawa T, Masuda K, Urano Y, Kawaguchi Y, Satou S, 
Kaneko J, Hasegawa K, Shibahara J, Fukayama M, Tsuji S, 
Midorikawa Y, Aburatani H, Kokudo N. Mechanistic back-
ground and clinical applications of indocyanine green fluores-
cence imaging of hepatocellular carcinoma. Ann Surg Oncol 
2014;21:440-8.

Correspondence:
Giorgio Rossi,
Acute Care and Trauma Surgery Department, 
Maggiore Hospital of Parma, University of Parma, Italy
Tel. +39 521 703549
E-mail: girossi@ao.pr.it


