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A critical concern in performing hepatectomy for tumor 
resection is determining the boundaries of resection and 
identifying any additional lesions. Obtaining negative 
margins has a direct impact on disease-free survival in 
patients (1). The main goal is to remove neoplastic tissue 
while sparing sufficient normal parenchyma and preserving 
organ function. Deciding the location of margins in resection 
for liver neoplasms is based on the location of tumor. Cross-
sectional imaging modalities localize the lesion and assist in 
pre-operative planning, but once in the operating room, the 
surgeon must rely on visual inspection and tactile feedback 
along with anatomic knowledge to localize and resect the 
tumor. In the setting of laparoscopic surgery, this becomes 
limited as bimanual palpation is no longer possible and 
tactile feedback becomes limited. This becomes even more 
so in the setting of robotic surgery as tactile feedback is 
absent and the surgeon must rely only on visual cues. 

The use of near-infrared (NIR) fluorescence imaging 
technology in the operating room has greatly advanced 
real time intra-operative imaging and target identification. 
Indocyanine green (ICG), a dye traditionally used for 
fundoscopy and estimations of cardiac and hepatic function, 
is a fluorophore that emits a fluorescence signal when 
excited with near infrared light (750–810 nm) (2). The dye 
binds to plasma albumin and has been used intra-operatively 
to evaluate graft perfusion, aneurysm clipping, and 
lymphatic mapping. ICG undergoes hepatic metabolism 
and is excreted by hepatocytes into the biliary tract after 

approximately 6 h. Due to the impaired biliary excretion of 
hepatic malignancies compared to normal hepatocytes, ICG 
is preferentially retained in or around these lesions over 
time, allowing surgeons to visualize the fluorescent signal 
and identify the tumor over the liver (3). 

For patients undergoing pre-operative ICG hepatic 
function testing several days before surgery, surface hepatic 
lesions can be visualized with a positive fluorescence signal. 
There is sufficient contrast as the ICG is retained at the 
lesions and ICG in the surrounding normal hepatocytes 
will have been excreted out in the biliary tract. The 
dye is versatile in that it can additionally be used as an 
angiographic agent when injected into portal vasculature, 
similar to indigo-carmine or methylene blue (4). Rather 
than the quick washout of the traditional dyes, the NIR 
signal from ICG persists throughout the surgical procedure, 
allowing for continued image guidance. Positive segmental 
staining can be obtained by selective portal vein injection 
while negative segmental staining can be obtained by 
intravenous injection during selective portal clamping. Real-
time intra-operative selective segmental staining, along with 
contrasted-target identification, allows surgeons to more 
effectively resect hepatic neoplasms. 

In the article titled “Applications of fusion-fluorescence 
imaging using indocyanine green in laparoscopic hepatectomy,” 
Terasawa et al. describe the use of ICG-fluorescence 
imaging guidance in 41 patients undergoing laparoscopic 
hepatectomies for a variety of malignancies (5). All patients 
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received routine hepatic function tests with ICG 3 days 
prior to surgery. The retained ICG in hepatic tumors served 
to identify surface liver lesions during surgery. Using a 
laparoscopic Novadaq Pinpoint imaging system (Novadaq 
Technologies, Mississauga, Canada), they resected 59 lesions: 
42 colorectal liver metastases, 7 hepatocellular carcinomas 
(HCC), 5 hemangiomas, 2 metastatic gastrointestinal stromal 
tumors, and 1 lymphoid cell hyperplastic nodule. As expected, 
none of the 6 benign tumors showed any fluorescence. Of the 
remaining 53 malignant lesions, only 23 (43%) were visible 
over the liver surface using bright light imaging whereas 
45 (85%) were detected using fluorescence imaging. In 
addition, the fluorescence-navigation technology visualized 
colorectal-cancer liver metastases that appeared to have 
undergone complete radiographic regression on pre-
operative imaging. The lesions were not detectable with 
bright light imaging or using contrasted intra-operative 
ultrasound, but when resected were positive for malignant 
cells on pathology. If a portal segment or sub-segment 
needed to be removed, ICG was given intravenously with 
the appropriate portal pedicle clamped. The demarcation 
between the non-fluorescing liver segment containing 
the tumor and the fluorescent hepatic parenchyma was 
visualized to help guide boundaries. 

During these procedures,  Terasawa et  al .  use a 
composite video feed created from the superimposition of 
pseudocolor-fluorescence information on white-light color 
video feed. This approach has been termed “fusion ICG-
fluorescence imaging”. Rather than switching back and 
forth from fluorescent mode to bright field color mode, the 
surgeon can see bright-light surgical field, augmented with 
additional information from the fluorescence signal  merged 
together in one screen. They report that using fusion ICG-
fluorescence imaging continuously throughout parenchymal 
transection was feasible and safe for the patient. They 
especially commented that it has the potential to detect 
tumors on the liver surface. The continuous use of this 
enhanced surgical field could allow surgeons to more fluidly 
proceed with resection, while maximizing visualization 
without distracting shifts in the surgical field. 

The integration of fluorescence-navigation technology 
in hepatectomies has been rapid. A large body of knowledge 
has been developed in its application, pioneered by  
surgeons in Japan. In 2008, Aoki et al. first described 
successfully using ICG as an angiographic agent, to 
outline liver segments after intraoperative selective 
portal vein injection (6). The following year, Gotoh et al.  
first used ICG fluorescence to localize and navigate 

resection margins for HCC lesions in patients receiving 
intravenous ICG as part of a routine pre-operative liver 
function assessment (7). Uchiyama et al. first used ICG 
fluorescence in localizing colorectal-cancer liver metastases 
and found that even lesions that were radiographically 
invisible  after neoadjuvant chemotherapy still showed a 
positive fluorescent signal and were found to be positive 
for microscopically viable cancer cells on (8). Use of 
fluorescence navigation technology has been increasingly 
used for liver surgery in a relatively short period of time. 

NIR fluorescence navigation is well-suited for minimally 
invasive hepatectomies, as it is already a setting where the 
surgeon uses a monitor with a video feed to interact with the 
surgical field. Fluorescence contrast enhancement assists in 
compensating for the limited ability to perform complete 
visual inspection and palpation of the liver during laparoscopy. 
NIR fluorescence laparoscopes were commercially available 
in 2011, only 4 years after introduction of the technology 
to open surgery. Ishizawa et al. first reported the initial 
experience in 2012 on the use of laparoscopic fluorescence 
imaging guidance in staining of hepatic segments during 
resection (9). Kudo et al. reported the first series of patients 
undergoing laparoscopic hepatectomy using a positive 
fluorescence signal to identify liver-surface tumors (10). 
Fluorescence navigation technology successfully assisted in 
determining the location of appropriate resection margins 
in minimally invasive settings. 

First generation fluorescence imaging devices displayed 
black and white video on the screen. The positive 
fluorescence signal was usually displayed in white and the 
negative background in black. Pseudo-color application 
of the black and white images was also used. In open 
hepatectomies, the surgeon actively switches between using 
the on-screen fluorescence-image guidance for navigation 
and interacting with the open surgical field. In laparoscopic 
surgery, the surgeon had to switch between the fluorescence 
mode for navigation and the standard white light color 
video feed for surgery. Often, the resolution and video 
quality of fluorescence laparoscopes were sub-optimal 
compared to standard high-definition laparoscopes. This led 
to laparoscopic surgeons having two different laparoscopic 
systems on the operating field. Not only were the surgeons 
toggling between two different images, they were switching 
between two systems completely. The fluorescence signal 
was visualized in real-time, but navigation was used 
intermittently. 

Newer fluorescence imaging devices have since arrived 
on the market. The upgraded optical quality and resolution 
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in the color video feed, along with improved software allows 
a pseudo-color overlay channel. This fusion-fluorescence 
imaging, as detailed in Dr. Terasawa’s paper, allows the 
surgeon to use information from the fluorescence signal 
more fluidly throughout the procedure. Similar to the 
concept of augmented reality-image overlay using three-
dimensional rendering from pre-operative imaging, the 
process attempts to create a surgical field with enhanced 
visual-feedback information to the surgeon in a limited 
environment (11). While this approach has significant 
potential, it remains to be seen whether it will become more 
widely adopted, or whether surgeons will continue to switch 
back and forth, finding instead, that the continuous feed of 
additional information is itself distracting. 

Fusion ICG-fluorescence imaging is very promising in 
its integration of information for surgical navigation, but 
as its NIR fluorescent imaging predecessors, the imaging 
systems and their use of a non-specific fluorescent dye has 
a critical drawback that must be discussed. From a biologic 
standpoint, not all nodules that pass a software threshold 
for a fluorescence signal are cancer. While the information 
on ICG fluorescence patterns is accumulating, there is 
not one signal intensity or pattern that definitely indicates 
malignancy. It is not a major issue for fluorescent lesions 
that correlate appropriately with pre-operative imaging. 

However, intraoperative fluorescence imaging often 
identifies additional fluorescent lesions that are not 
otherwise detected on pre-operative imaging or intra-
operative ultrasound. When these lesions are identified 
and resected, not all are malignant on pathology. Case 
series reporting on additional lesions discovered by NIR 
fluorescence imaging have commented on falsely-positive 
fluorescent nodules, especially in the setting of cirrhosis. 
False-positive rates are variable and can be as high as 40% 
in all comers and up to 87% in cirrhotic livers (12). In 
Terasawa’s paper the group does not resect all fluorescent 
lesions unless a combination of clinical judgment, 
suspicion on white light inspection, and contrast-enhanced 
intraoperative ultrasound suggested malignancy. The non-
specific nature of ICG plasma protein binding and hepatic 
excretion leads to this inherent weakness. 

Tumor-specific fluorescent probes have been used in 
in vitro research for imaging cellular and sub-cellular 
structures for many years. Only recently, have they been 
adapted for in vivo fluorescence imaging. Targeting antigen-
antibody binding, peptide binding, selective protease 
activation, pH differential, or aberrant tumor metabolism 
allows delivery of fluorescence signal specifically to target 

tumors with limited off target effects. 
Our laboratory has shown in mouse models, that tumor-

specific fluorescence labeling of tumors allows identification 
of even sub-millimeter lesions in laparoscopy (13). We have 
developed an orthotopic colon-cancer liver metastasis 
model  and have shown improved outcomes after 
resection using fluorescence labeling (14). Colon cancer 
liver metastases were modeled by serially selecting for 
aggressive liver metastasis variants of colon cancer cells 
after splenic injection. These cells were then orthotopically 
implanted into the liver of recipient nude mice to model 
individual colon cancer metastatic nodules. Tumor-specific 
fluorescence was delivered in situ via viral vector expressing 
green fluorescent protein (GFP) or a fluorescently labeled 
antibody. Yano et al. and Kishimoto et al. used OBP-401, 
a conditionally replicative adenovirus with the replication 
cassette under the control of the human telomerase reverse 
transcriptase (hTERT) promoter and a GFP tag under the 
control of a cytomegalovirus (CMV) promoter (14,15). 
Three days after direct intratumoral injection of the 
adenovirus, a strong GFP signal was present at the tumor 
site and the fluorescence signal was used for fluorescence-
guided surgery (FGS). Compared to standard bright light 
surgery (BLS), 15/16 (94%) of mice that underwent BLS 
had large tumor recurrences vs. FGS 3/16 (19%). Hiroshima 
et al. also compared FGS vs. BLS using an orthotopic colon 
cancer liver metastasis model, but delivered fluorescence 
with an intravenous injection of anti-CEA antibody 
conjugated to a 650 nm fluorophore (16). The antibody-
fluorophore conjugate was successful at delineating the 
tumor over the liver with a best signal-to-noise ratio at 
72 h. Additionally, the increased wavelength of the dye 
showed an improved fluorescence signal penetration in the 
presence of overlying tissue compared to GFP (Figure 1).  
Disease-free and overall survival was significantly longer 
in the FGS group compared to BLS. In these orthotopic 
mouse models of colon-cancer liver metastases, using 
tumor-specific fluorescence navigation for surgical resection 
decreased the volume of residual disease and increased 
overall and disease-free survival. 

Clinical translation of these approaches was first 
pioneered by van Dam et al. in 2011 using folate conjugated 
to a fluorescein isothiocyanate (FITC) dye to target folate 
receptor overexpression in ovarian cancer (17). The 
median number of lesions identified by the fluorescein 
dye was higher than with bright light alone (34 vs. 7). All  
fluorescent lesions were shown to be malignant ovarian 
cancer and over expressed folate receptors. All tissue with 
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a negative fluorescence signal was either benign or did not 
express folate receptors. 

Other groups have also advanced into this field with 
development of novel fluorescent probes in clinical trials. 
Unkart et al. have completed a phase I trial on an activatable 
cell-penetrating peptides that produce a fluorescence signal 
upon proteolytic cleave age by matrix metalloproteases 
in breast cancer (NCT02391194) (18). Rosenthal et al. 
have published on phase I/II clinical trials of an anti-
EGFR antibody (cetuximab) conjugated to an 800 nm dye 
to successfully image margins of head and neck cancers 
(NCT01987375) (19,20). Terwisscha van Scheltinga et al.  
used an anti-VEGF antibody (bevacizumab) and an anti-

HER2 antibody (trastuzumab) conjugated to an 800 
nm dye to label breast and gastric cancer in mice (21). 
Phase I/II clinical trials of this fluorescent anti-VEGF 
antibody have completed clinical trials in breast cancer 
(NCT02583568) and are ongoing in pancreatic cancer 
(NCT02743975). Gutowski et al. reported an anti-CEA 
antibody conjugated to a 700 nm dye that successfully 
image colorectal and pancreatic cancers in mice (22). This 
probe is currently completing phase I/II clinical trials for 
colorectal cancers and pancreatic cancers, but was found 
also to be able to label liver metastases from colorectal 
cancer (NCT02973672). While these novel agents are still 
relatively early in their development, the preliminary results 

Before FGS After FGS Exposed tumor Buried tumorA B

Figure 1 Fluorescence-guided surgery using a NIR-labeled anti-CEA antibody. (A) Whole‐body images before and after fluorescence-
guided surgery using an anti‐CEA antibody conjugated to DyLight 650. The GFP-tagged tumor visible on the liver surface (white arrow 
head) was clearly detected under both GFP and anti‐CEA‐DyLight650 navigation. In contrast, the deeper tumors covered with normal 
tissues (yellow arrow heads) were detected only under anti‐CEA‐DyLight650 navigation. No residual tumor was detected after FGS. (B) 
Representative gross images of excised tumors (left panel: exposed tumor, right panel: buried tumor). Upper panels indicate bright field 
(BF) images, middle and lower panels indicate fluorescence images for GFP and DyLight 650, respectively. The area surrounded by a white 
broken line indicates the buried part of the excised tumor. Anti-CEA-DyLight650 fluorescence signal was able to penetrate normal liver 
tissue and visualize the buried part of the tumor, which was not detected in GFP fluorescence. Scale bars: 10 mm (A) and 2.5 mm (B). GFP, 
green fluorescent protein; FGS; fluorescence-guided surgery.
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show that they are promising agents, greatly improved in 
their fluorescence-signal delivery to their target lesions, 
compared to a nonspecific dye such as ICG. The number of 
targeted fluorescence imaging probes will greatly increase 
in the future. 

Determination of margins in both open and minimally 
invasive hepatectomies has been greatly improved 
by the use of fluorescence imaging. The technology 
allows surgeons to better identify the tumor, delineate 
safe boundaries of resections, improve preservation of 
normal hepatic parenchyma, and identify additional 
lesions that would otherwise have been missed with only 
bright-light visualization. However, the technology has 
a critical drawback in its lack of tumor specificity. This 
lack of fluorescence-signal specificity is actively being 
addressed with novel targeted probes, several of which are 
progressing through phase I/II clinical trials. The field of 
fluorescence-guided hepatectomy, especially minimally 
invasive hepatectomy, is poised to greatly benefit from 
advancements in technology, leading surgeons to perform 
more oncologically-complete and safe tumor resections. 
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