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Introduction: Near-infrared (NIR) fluorescence imaging using
indocyanine green (ICG) is a promising technique to obtain
real-time assessment of the extent and number of colorectal
liver metastases during liver surgery. The current study aims
to optimize dosage and timing of ICG administration.

Methods: The Mini-FLARE imaging system was used for real-
time identification of liver tumors in 18 rats. Liver tumors were
measured at 24, 48, 72 or 96 hours after administration of
0.04, 0.08, or 0.16 mg ICG (0.13, 0.26 or 0.53 mg / kg, respec-
tively). Guided by these results, intraoperative identification
of liver metastases was performed in 22 patients undergoing
liver resection. NIR fluorescence imaging was performed 24
or 48 hours after administration of 10 or 20 mg ICG (approxi-
mately or 0.26 mg / kg, respectively). After intraoperative im-
aging, resection specimens were sliced to examine internal
fluorescent patterns using the Mini-FLARE imaging system.
Subsequently, frozen tissue sections were measured for fluo-
rescence using the Nuance multispectral imager.

Results: Using NIR fluorescence imaging and ICG, all
colorectal liver metastases (N = 34), could be identified in all
rats. Average tumor-to-liver (TLR) ratio over all groups was
3.0 + 1.2. Liver signal was lower in the 72 h time group com-
pared to other time points, resulting in a significantly higher
TLR. ICG dose did not significantly influence TLR, but a trend
was found favoring the 0.08 mg dose group. Clinically, dur-
ing intraoperative NIR fluorescence imaging, all superficially
located metastases (< 1 cm beneath liver capsule) were iden-
tified (N = 44). Median TLR was 7.4 (range: 1.9 - 18.7) and
no significant differences between time-points or doses were
found. Liver signal was comparable to pre-injection signal at
24 to 48 hours post-injection, eliminating the need to test other
time-points. In all patients, a fluorescent rim around the tumor
was found, as described in earlier studies. Using fluorescence
microscopy, this clear fluorescent rim was localized in stromal
tissue in the transition area between tumor and normal liver
tissue in all liver metastases. In this area, multiple cell types
that are involved in tissue inflammation (e.g. granulocytes,
lymphocytes) were found. In four patients, additional small (2 -
8 mm) metastases were identified using NIR fluorescence that
were otherwise missed preoperatively and intraoperatively
using only visual inspection and ultrasound

Conclusions: This study demonstrates that colorectal cancer
liver metastases can be clearly identified during surgery using
ICG and the Mini-FLARE imaging system. NIR fluorescence
imaging has the potential to improve intraoperative detection
of in particular small and superficially located liver metastases
and can therefore be seen as an addition to the conventional
imaging modalities.
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