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Image-guided surgery in hepatobiliary surgery using near-
infrared fluorescence (NIRF) is a relatively novel imaging
technique that can aid in real-time demarcation of tumors,
liver mapping and cholangiography (1). NIRF imaging,
using indocyanine green (ICG), can be especially valuable
during hepatic minimally invasive procedures, because
surgeons are deprived of tactile feedback. This technique
proved to be feasible for detection and resection of
hepatocellular carcinoma (HCC) as well as metastases, all
with different fluorescence patterns (2). The feasibility of
fusion-fluorescence imaging using ICG during laparoscopic
hepatectomy for identification of hepatic tumors and
segmental boundaries was described in Surgical Endoscopy
by Terasawa et al. (3). The authors describe a cohort of
41 patients undergoing laparoscopic hepatectomy using
the PINPOINT™ imaging system (NOVADAQ, Toronto,
Canada) (4), providing simultaneously monochromatic
fluorescence images under near-infrared light illumination,
colour images under white-light illumination and fusion
images. Eighty-five percent of the detected malignant
tumors were identified with NIRF imaging, of which 49%
could only be detected with NIRE, although no information
about the detection of these tumors on the preoperative
imaging was mentioned by the authors. Hepatic segments
were successfully identified and resected in 12 patients with
the aid of fusion imaging (5). The fusion images, made
up of pseudocolour-fluorescence signals on white-light
colour images, enables the surgeon to continue the surgical
procedure without shifting between the NIR and white light
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channels, receiving information about the tumor location,
segmental boundaries and bile duct anatomy. Laparoscopic
camera systems, enabling real time overlay fluorescence
become increasingly available for clinical use.

NIRF imaging using ICG in liver surgery has been
studied extensively over the last few years and the added
value of this technique is clear (1,6). However, the overall
survival and disease-free survival of patients in whom
additional hepatic metastases are detected with NIRF
imaging using ICG, did not differ from the patients who
underwent surgery without NIRF imaging. In some patients
repeated procedures can be prevented due to the additional
detection of lesions with NIRF imaging (7).

As described in this study, for the detection of the
deeply seated tumors the laparoscopic procedure should be
complemented with other techniques, due to the limited
depth-penetration of NIRF imaging. With the introduction
of the gadoxetic acid-enhanced liver MRI, very small
(<1 cm) metastases can be identified preoperatively (8).
Subsequently, the surgeon and radiologist can use
intraoperative (contrast-enhanced) ultrasonography
during the surgery for the detection of these deeper seated
lesions. The false positivity rate of contrast-enhanced
ultrasonography remains relatively high (9). Furthermore,
ICG is not tumor specific and due to the learning curve
distinction between malignant and benign fluorescence
patterns can be difficult, therefore the false positivity rate
can be high (10,11). The use of NIRF imaging using ICG is
limited to the liver since ICG is not tumor specific, therefore
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demarcation of other tumor types is not possible (12).
Although, NIRF fusion images during laparoscopy has a lot
of potential, NIRF imaging using ICG is only used in the
hepatobiliary surgery for tumor demarcation, liver mapping
and bile duct anatomy and for perfusion of anastomoses.

Tumor specific fluorescent tracers could partly overcome
these shortcomings and offer new possibilities for the
laparoscopic systems providing NIRF fusion images.
The first-in-human trials with tumor specific fluorescent
tracers against folate receptor in metastatic ovarian
cancer and against CEA in pancreatic cancer are showing
promising results [(13); Hoogstins CE, Sibinga Mulder
BG, Mieog JS, et al. Image-guided surgery in patients
with pancreatic cancer: a clinical trial using SGM-101, a
novel carcinoembryonic antigen-targeting, near-infrared
fluorescent agent (unpublished data)]. In ongoing clinical
trials antibody-based targeting ligands against vascular
endothelial growth factor-A (VEGF-A) and epidermal
growth factor receptor (EGRF) are used in patients with
breast, colon or head-and-neck cancer. The use of tumor
specific targets can potentially increase tumor detection
rates, including possible micrometastases, and radical
resection rates. Because tumor specific fluorescent targets
only bind to specific receptors, false positivity rates could be
decreased.

Additionally, new NIR fluorophores will become
available and are currently tested in clinical trials, such as
ZW800-1 (Curadel Surgical Innovations, Wayland, MA,
USA). The favourable characteristics of ZW800-1, emission
at a wavelength range of 800 nm, small size, low toxicity
and excretion through the kidneys, make this a very suitable
fluorophore for the current available laparoscopic systems
(800 nm), enabling visualisation of the ureters and perfusion
of anastomoses without making the liver fluorescent. The
majority of these new fluorophores and tumor specific
fluorescent tracers are studied in patients using open space
camera systems, due to the wider availability of these
fluorescence camera’s, higher sensitivity and more extensive
functions of the camera systems.

Still, the maximal depth penetration of a fluorescence
signal is limited to 1 cm (14), therefore NIRF imaging should
be combined with other techniques, such as radionuclides.
Tumor specific ligands can easily be conjugated to
fluorophores, but can also be linked to radioactive isotopes.
Ideally, these tumors specific preoperative PET/SPECT-
scans provide information about tumor extension and
allow surgical planning. During surgery the tumor can be
NIRF guided approached and resected. The combination
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of radionuclide and fluorescence imaging can be even of
more value in patients who are neoadjuvantly treated,
discrimination between chemotherapy induced fibrotic tissue
and vital cancer cells is more difficult on both preoperative
radiologic imaging as during surgery. Clinical trials
investigating both radionuclide and fluorescence imaging in
patients are currently ongoing. The first ex vivo results show
that combination of these techniques is feasible (15).

As above described, deeper seated tumors could be
visualized using intraoperative ultrasound, preferably
contrast-enhanced ultrasound as described in the study
of Terasawa er al. In the far future the limited depth
penetration problem might even be solved with the use
of multispectral optoacoustic tomography (MSOT) or
photoacoustic imaging (16,17). Depth penetration is
extended to approximately Scm, but these techniques are
still in an early stage.

Although the use of ICG in hepatobiliary surgery has
extensively been described, this study of Terasawa er al.
clearly demonstrates the benefit and value of laparoscopic
NIRF guided surgery, and encourages to investigate NIRF
imaging in a broader patient cohort, using different kinds of
fluorophores and optimizing laparoscopic systems for this
application.
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