
 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/25491 holds various files of this Leiden University 
dissertation 
 
Author: Vorst, Joost van der 
Title: Near-infrared fluorescence-guided surgery : pre-clinical validation and clinical 
translation 
Issue Date: 2014-05-01 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/25491


Chapter 11
Near-infrared fl uorescence-guided 

resection of colorectal liver metastases

van der Vorst JR1, Schaafsma BE1, Hutteman M, Verbeek FP, Liefers GJ.Hartgrink HH, 

Smit VJ, Frangioni JV, van de Velde CJ, Vahrmeijer AL

1Both authors contributed equally to this work and share fi rst-authorship.

Cancer. 2013 Sep 15;119(18):3411-8

28456 Vorst NW.indd   159 13-03-14   12:30



Chapter 11

160

ABSTRACT

Background

The fundamental principle of oncologic surgery is the complete resection of 

malignant cells. However, small tumors are often difficult to find during surgery 

using conventional techniques. Our objectives were to determine if optical imaging, 

using a contrast agent already approved for other indications, could improve 

hepatic metastasectomy with curative intent, to optimize dose and timing, and to 

determine the mechanism of contrast agent accumulation. 

Material and Methods

We exploited the high tissue penetration of near-infrared (NIR) light using the 

FLARE™ image-guided surgery system and the NIR fluorophore indocyanine green 

(ICG) in a clinical trial of 40 patients undergoing hepatic resection for colorectal 

cancer metastases. 

Results

A total of 71 superficially located (< 6.2 mm beneath the liver capsule) colorectal 

liver metastases were identified and resected using NIR fluorescence imaging. 

Median tumor-to-liver ratio (TLR) was 7.0 (range 1.9-18.7) and no significant 

differences between time-points or doses were found. ICG fluorescence was seen 

as a rim around the tumor, which we show to be entrapment around CK7-positive 

hepatocytes compressed by the tumor. Importantly, in 5 of 40 patients (12.5%, 95% 

CI: 5.0-26.6), additional small and superficially located lesions were detected using 

NIR fluorescence, and were otherwise undetectable by preoperative computed 

tomography (CT), intraoperative ultrasound (IOUS), visual inspection, and palpation.

Conclusion

We conclude that NIR fluorescence imaging, even when utilizing a non-targeted, 

clinically available NIR fluorophore, is complementary to conventional imaging and 

able to identify missed lesions by other modalities.  
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INTRODUCTION

Prognosis and survival of colorectal cancer patients depends primarily 

on the occurrence of distant metastases, which occur most frequently in the 

liver.1 A resection with curative intent can offer patients with colorectal liver 

metastases a 5-year survival rate of 36% to 60%.2-5 Despite improvements in 

preoperative imaging modalities, surgical techniques, and chemotherapy 

regimens, intrahepatic recurrence rates vary from 11% to 37.5% after hepatic 

metastasectomy, and 65% to 85% of these recurrences appear within 2 years after 

resection.2,6-9 A possible explanation for this high intrahepatic recurrence rate is 

that some hepatic metastases are already present at the time of liver resection, but 

were undetected by the technology typically available in the community setting, 

namely, preoperative imaging, intraoperative ultrasound (IOUS), and inspection/

palpation by the surgeon. For example, it is known that small and superficially 

located liver metastases are difficult to identify using available imaging modalities 

such as preoperative computed tomography (CT), MRI, and IOUS.10-12 

Near-infrared (NIR) fluorescence imaging using indocyanine green (ICG) 

is a promising technique to intraoperatively visualize the contrast between liver 

metastases and normal liver tissue in real time.13-15 This type of optical imaging is 

relatively inexpensive and is quickly becoming widely available. Unlike visible light, 

which is used to excite fluorophores such as fluorescein, NIR light can penetrate 

several millimeters into tissue and through blood. ICG is excreted exclusively 

into the bile after intravenous injection; it has been hypothesized that colorectal 

liver metastases can be visualized due to passive accumulation of ICG caused by 

hampered biliary excretion, which results in a fluorescent rim around the metastases. 

However, the mechanism of ICG accumulation has not yet been explored.

Recently, Ishizawa et al.13 described the intraoperative detection of 

colorectal liver metastasis using NIR fluorescence imaging after intravenous 

injection of 0.5 mg/kg ICG, 1 to 14 days prior to surgery, as part of an ICG-retention 

liver function test. The dose and interval between ICG injection and surgery are key 

determinants of the remaining background fluorescence signal in the liver and the 

fluorescent rim surrounding the tumor. In a preclinical study in rats performed by 

our group, the influence of injection time prior to surgery and dose of ICG pertaining 

to the contrast between the fluorescent rim around the hepatic metastases and 

normal liver tissue (tumor-to-liver ratio) was examined.16 In this preclinical study, 

the highest tumor-to-liver ratio (TLR) was reached when ICG was injected 72 h prior 
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to surgery. Furthermore, this study demonstrated that even small liver metastases 

(≈ 1 mm) could be identified using NIR fluorescence. In the current study, these 

preclinical results were translated to a clinical trial in patients with colorectal liver 

metastases in order to optimize intraoperative identification of liver metastases 

using ICG. Furthermore, the mechanism of ICG accumulation in the transition area 

between tumor and normal liver tissue was investigated, and the value added by 

NIR fluorescence imaging was determined.

MATERIAL AND METHODS

Preparation and Administration of Indocyanine Green

ICG (25 mg vials) was purchased from Pulsion Medical Systems (Munich, Germany) 

and resuspended in 10 cc of sterile water for injection to yield a 2.5-mg/ml (3.2 mM) 

stock solution. Of this stock solution 4 or 8 mL, corresponding to doses of 10 or 20 

mg, were administered intravenously. 

Clinical Trial

The study was approved by the Local Medical Ethics Committee of the Leiden 

University Medical Center and was performed in accordance with the ethical 

standards of the Helsinki Declaration of 1975. All patients were evaluated for 

hepatic treatment by a multidisciplinary specialized liver unit (Surgeon, Oncologist, 

Interventional radiologist and an experienced abdominal radiologist). From 2010 to 

2012, a total of 40 patients with suspected colorectal liver metastases, based on a 

preoperative 4-phase CT-scan (Toshiba Aquilion 64, Tokyo, Japan) of the thorax and 

abdomen with a slice thickness of 5 mm, who were planned to undergo curative 

intended liver resection were included. All patients provided informed consent. 

Exclusion criteria were pregnancy, lactation or an allergy to iodine, shellfish or 

indocyanine green. 

Patients received 10 mg or 20 mg of ICG diluted in a total volume of 4 

mL and 8 mL, respectively, as an intravenous bolus at 24 or 48 h prior to surgery 

on an inpatient base. This resulted in 4 groups of 4 patients per group (N = 16 

patients). Subsequently, 24 patients were included at the optimal combination of 

ICG dose and injection time. After mobilization of the liver, first visual inspection, 

palpation, and IOUS were performed to determine the number and location of the 

liver metastases. To evaluate the additional benefit of NIR fluorescence imaging, all 
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liver segments were imaged using the Mini-FLARE™ imaging system, which has 

been described previously.17 Directly following liver resection, resection specimens 

were delivered to the Department of Pathology, where the specimens were sliced 

into 5 to 7 mm thick slices and examined by an experienced pathologist for NIR 

fluorescence using the Mini-FLARE™ imaging system.

Fluorescence Microscopy

Based on macroscopic evaluation and  ex vivo  fluorescence imaging, tissue was 

acquired from the transition zone between the tumor and the normal liver from 

multiple patients. Excised tissue was snap-frozen and sectioned at 5 μm for 

fluorescence and regular microscopy. Sections were measured for fluorescence 

using the  Nuance multispectral imager (CRi,  Woburn, MA) mounted on a Leica 

DM IRE2 inverted microscope (Leica, Wetzlar, Germany). Subsequently, these slides 

were stained with hematoxylin and eosin. Consecutive slides were stained for the 

presence of CD31 (Dako, M0823), CK7 (Dako, M7018) and CD68 (Dako, M0814) to 

correlate fluorescence to blood vessels, bile ducts and macrophages, respectively. 

White light images were subsequently merged with fluorescence images.

Statistical Analysis

For statistical analysis, SPSS statistical software package (Version 17.0, Chicago, 

IL) was used. Tumor-to-liver (TLR) signal, rim fluorescence, and background 

fluorescence were reported as median and range. Tumor size was reported as 

mean with standard deviation. To test differences between groups, the Kruskal-

Wallis one-way analysis of variance test was used to test for differences between 

time and dose groups. Statistical tests were 2-tailed and P < 0.05 was considered 

significant. 95% binomial confidence intervals of the percentage of patients in 

whom additional metastases were identified were calculated using the Adjusted 

Wald Method by GraphPad QuickCalcs (GraphPad Software, La Jolla, CA). 
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RESULTS

Study Subjects:

Patient and tumor characteristics of the 40 patients are listed in Table 1. None 

of the patients suffered from hepatitis or liver cirrhosis, and 22 patients received 

neoadjuvant chemotherapy. In 7 patients, no liver resection was performed 

due to invasion of tumor into the portal vein (N = 3), the presence of additional 

irresectable liver metastases (N = 2), or the appearance of lymph node metastases 

(N = 2). Nevertheless, these patients were included for TLR, rim fluorescence, and 

background fluorescence analysis. 

Table 1 – Study subject characteristics (N = 40).

Characteristic Median [Range] or (%)

Age 63 [45 - 77]

BMI 25 [19 - 38]

Sex Male: 21 (52.5%)  Female: 19 (47.5%)

Primary tumor location

	 - Colon 21 (52.5%)

	 - Sigmoid 5 (12.5%)

	 - Rectum 13 (32.5%)

	 - Anus 1 (2.5%)

Neo-adjuvant chemotherapy 22 (55.0%)

Type of resection

	 - Hemihepatectomy 6 (15.0%)

	 - Metastasectomy / segmentectomy 19 (47.5%)

	 - Metastasectomy / segmentectomy + RFA 7 (17.5%)

	 - RFA only 1 (2.5%)

            - No resection 7 (17.5%)

Abbreviations: BMI: body mass index; RFA: radiofrequency ablation.

Optimization of ICG Dose and Injection Timing (N=16 patients)

To determine the effect of ICG dosage and post injection imaging time, patients were 

allocated to 2 dose groups and imaged at 2 time-points after ICG administration, 

resulting in 4 groups containing 4 patients per group. Fluorescence intensity of the 

rim around the liver metastases was significantly higher than the fluorescent signal 

in the liver (P < 0.001). Median tumor-to-liver ratio (TLR) in all 16 patients was 7.3 

(range: 1.9-18.7). Median TLRs were 5.0 (range: 2.2-15.4), 6.7 (range: 2.7-9.2), 10.5 
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(range: 1.9- 18.7), 8.0 (range: 7.0-9.3) for the 10 mg at 24 hr, 20 mg at 24 hr, 10 mg 

at 48 hr and 20 mg at 48 hr patient group, respectively. Median rim fluorescence 

(normalized pixel value) was 530.1 (range: 257.89-823.0), 938.4 (range: 902.3-1239.1), 

648.6 (range: 137.1-1929.36), 608.5 (range: 507.6-688.1) for the 10 mg at 24 hr, 20 

mg at 24 hr, 10 mg at 48 hr and 20 mg at 48 hr patient group, respectively. Median 

background fluorescence (normalized pixel value) was 98.3 (range: 53.6-127.6), 

209.1 (range: 96.1-356.5), 64.6 (range: 53.4-112.4), and 77.4 (range: 67.5-96.2) for 

the 10 mg at 24 hr, 20 mg at 24 hr, 10 mg at 48 hr, and 20 mg at 48 hr patient group, 

respectively. Using the independent samples Kruskal-Wallis Test, no significant 

differences in signal-to-background ratios (P = 0.70), rim fluorescence (P = 0.67) 

and background fluorescence were observed (P = 0.08). Since no differences in TLRs 

were observed between the various groups, the optimal dose was determined by 

clinical and logistical preferences (the minimal dose of 10 mg of ICG administered 

24 h prior to surgery). 

Intraoperative Detection of Colorectal Liver Metastases (N=40):

Subsequently, 24 more patients were included to assess the added value of NIR 

fluorescence imaging during resection of colorectal liver metastases. Results of 

liver metastases detection are summarized in Table 2. Using a combination of 

preoperative CT scanning, IOUS, visual inspection, and/or palpation, a total of 100 

lesions were identified as suspected colorectal liver metastases. After resection, 3 

of these lesions were histologically proven to be benign, for a net detection of 97 

metastatic lesions by conventional imaging. NIR fluorescence imaging (Figure 1) 

detected a total of 71 lesions proven histologically to be metastases, all of which 

were ≤ 6.2 mm from the surface of the liver capsule. However, only 66 of the 71 

lesions identified using NIR fluorescence overlapped with conventional imaging 

(Table 2 and Figure 2). Most important, in 5 patients (12.5 %, 95% CI 5.0 – 26.6), 

superficially located, otherwise occult liver metastases were detected using NIR 

fluorescence only, but not by conventional imaging (i.e., preoperative CT, IOUS, 

intraoperative visualization, and intraoperative palpation) (Figure 1). Sensitivity 

of the preoperative CT scanning, intraoperative visual inspection/palpation in 

combination with IOUS, and NIR fluorescence imaging were 75%, 95% and 73%, 

respectively. In 3 patients, an additional wedge resection was performed to resect 

these metastases, and in 2 patients the preoperatively planned metastasectomy 

was extended to resect the additional metastases. In these 5 patients, the total 

number of metastases (including the occult metastases detected only by NIR
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Figure 1 – NIR fluorescence imaging of colorectal liver metastases: A colorectal liver metastasis (arrow) 
is clearly identified by a rim around the tumor in vivo (top row), 24 h after injection of 10-mg ICG. Normal liver 
tissue (arrowhead) shows minimal background uptake of ICG.  In 5 patients, small, superficial, otherwise 
occult metastases (middle row, arrow) were identified by NIR fluorescence imaging. Benign lesions (bottom 
row, dashed arrow) could be differentiated from malignant lesions by a lack of a fluorescent rim around the 
lesion.

Figure 2 – Methods of detection of colorectal liver metastases: Venn diagram showing how the 97 
hepatic metastases were detected as a function of each modality alone or in combination.

fluorescence) were 4, 3, 3, 2 and 2.  After resection, these lesions were found to be 

2, 3, 4, 6, and 9 mm in diameter. Histopathological examination confirmed these 

lesions to be colorectal liver metastases. One of these 5 occult lesions, which was 9 
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Table 2 – Methods of detection.

Modality

Number of hepatic 
metastases 

identified* (%)
Number of 

patients Size of metastases (mm)

Preoperative CT-scan 73 (75) 39 29.9 ± 19.1

IOUS, palpation and inspection 92 (95) 40 26.3 ± 19.5

NIR fluorescence 71 (73) 37 29.0 ± 29.8

Preoperative CT-scan, IOUS, 
inspection palpation and/or NIR 
fluorescence

97 (100) 40 24.5 ± 19.7

*  Liver metastases were confirmed by histology or in the case of nonresected lesions by clinical appearance, IOUS, and CT.

mm in diameter, was labeled as a complicated cyst based on IOUS and CT, whereas 

the clear NIR fluorescent ring around the lesion suggested that it was a liver 

metastasis. Twenty-six liver metastases (27%) identified by conventional imaging 

could not be detected using NIR fluorescence and all were deeper than 8 mm from 

the liver surface. All fluorescent liver metastases presented a fluorescent rim around 

the tumor. The overall (N=40) median TLR was 7.0 (range, 1.9 – 18.7). The use of 

neoadjuvant chemotherapy did not significantly influence the TLR (7.5 ± 5.1 vs. 7.1 

± 2.9, P = 0.77). In addition to liver metastases, a total of 8 hemangiomas, 13 cysts, 

and 4 bile duct hamartomas were identified in 13 patients. These hemangiomas, 

cysts, and bile duct hamartomas did not show a NIR fluorescent signal or rim (Figure 

1). Thus, NIR fluorescence imaging might help differentiate malignant liver lesions 

from some benign lesions. As might be expected based on the mechanism of ICG 

contrast (described below), extrahepatic tumor-positive lymph nodes were not 

fluorescent (data not shown).  

Ex Vivo Detection of Colorectal Liver Metastases

Liver resection specimens were sliced in 5 to 7-mm slices and subsequently the 

slices were imaged with the Mini-FLARE imaging system. In all patients for whom 

a liver resection was performed (N = 33), ex vivo NIR fluorescence imaging was 

performed. All known metastases were identified ex vivo by a clear fluorescent ring 

around the lesion. 

Immunohistochemistry and Fluorescence Microscopy

Fluorescence signal was located in liver tissue directly surrounding the tumor 

and was located both intracellularly and extracellularly (Figure 3B). In liver tissue, 

28456 Vorst NW.indd   167 13-03-14   12:30



Chapter 11

168

in the  area near the tumor, compressed hepatocytes and increased ductular 

transformation, periportal fibrosis, and presence of Kupffer cells were observed. 

Immunohistochemical analysis showed a close relation between fluorescence and 

CK7 staining (Figure 3C). CK7 is expressed by immature hepatocytes in the areas 

of ductular transformation. No relation was found between fluorescence and the 

presence of Kupffer cells (CD68) and blood vessels (CD31).

DISCUSSION

The main objective of this study was to evaluate the potential of intra-

operative NIR fluorescence imaging to improve oncologic resection of colorectal 

metastases to liver. As confirmed by pathological analysis, all superficially located (< 

6.2 mm beneath the liver surface) metastases were identified using NIR fluorescence. 

Additionally, in 5 patients, occult metastases were detected using NIR fluorescence 

only and were missed by conventional detection methods (Figure 2). Moreover, 

this study provides increased understanding of the mechanism responsible for 

the rim fluorescence and increases the understanding of the effect of different 

administration time-points and doses of ICG on tumor detection. This is crucial for 

the implementation of this technique and interpretation of results in future studies. 

An important recent study using visible wavelength optical imaging 

showed real-time identification of ovarian cancer metastases.18 Because of the 

relatively low tissue penetration of visible light, this technology is limited to tumors 

already on the surface of anatomical structures. Even when using NIR fluorescence 

imaging, however, penetration depth is still a major issue. The penetration depth of 

NIR fluorescence light is highly dependent on the optical properties, i.e., absorption 

and scatter, of the tissue being imaged. Liver is highly absorbing compared to 

other tissues, such as breast and subcutaneous tissue of axilla, resulting in higher 

attenuation (i.e., lower signal).19 In the current study, 26 metastases that were 

located 8 mm or more beneath the liver capsule could not be identified using 

NIR fluorescence. Preoperative CT scanning and IOUS are more appropriate for 

deeper lesions and did successfully identify these 26 lesions. However, superficially 

located, small occult metastases are known to be difficult to detect using IOUS, 

inspection, and palpation.10,11 Although IOUS is still required to identify deep (≥ 6 

mm) metastases in the liver, our results suggest that NIR fluorescence imaging is 

complementary and helps to find small, superficially located liver metastases. 
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The use of NIR fluorescence imaging to detect liver metastases is dependent 

on the clearance of ICG by the liver. To optimize the use of this technique, it is 

necessary to examine the influence of ICG dose and timing of ICG administration 

prior to surgery. In the current study, differences in dose and timing did not 

significantly influence the TLR. A previously performed study in rats by our group 

showed an optimal TLR in the group where ICG was administered at 72 h prior 

to surgery.16 In the current clinical study, liver signal at 24 to 48 h postinjection of 

10-mg ICG was comparable to preinjection baseline level which we measured in a 

previous study in patients undergoing a pancreatoduodenectomy, eliminating the 

need to test other time-points.20 Therefore, NIR fluorescence imaging at 72 h after 

ICG administration was not performed. Other clinical work performed by Ishizawa 

et al. suggested an interval between administration of ICG and liver surgery of at 

least 2 days to lower background fluorescence and to obtain adequate TLRs.13 

Figure 3 – Pathologic examination of the tumor border: 

A.	 After resection and slicing of the same specimen, the rim around the tumor can be visualized ex vivo. 

B.	 Shown are hematoxylin and eosin (HE) staining with a pseudo-colored green NIR fluorescence overlay 	
	 of a 20 μm tissue section of a colorectal liver metastasis using a 5 X objective. The fluorescent rim in 	
	 stromal tissue appears in the transition zone between tumor (T) and normal liver tissue (L). 
C. 	 Shown is liver tissue located in the fluorescent rim of a colorectal liver metastasis. Consecutive frozen 	
	 sections (5 μm) are stained with hematoxylin  and eosin (HE) and for CD68, CD31, and CK7. 		
	 Microscopic color images (left column), NIR fluorescence images (middle column), and a pseudo-	
	 colored green merge (right column) were obtained (100X zoom). The NIR fluorescence signal is mainly 	
	 located intracellularly and shows a high correlation with CK7 staining.
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However, in latter study a substantially higher dose of ICG (0.5 mg/kg; ≈ 35 mg per 

subject) was administered. In the current study, a relatively low dose of ICG (0.13-

0.26 mg/kg) was used and it was therefore possible to reach acceptable TLRs and 

sufficiently low background liver fluorescence at 24 h after administration of 10 mg 

ICG, which is safe and desirable from a logistical point of view. 

Because no clinical data on lesion detection rates and standard deviation 

of the measurements were available prior to the study, a formal sample size 

calculation was not possible. However, we have provided 95% coincidence intervals 

for the 12.5% of patients in which additional lesions were detected only by NIR 

fluorescence (95% CI: 5.0-26.6). Well-powered future studies can now be designed 

based on these data.

The detection rate of additional occult liver metastases during surgery is 

strongly dependent on the preoperative and intraoperative imaging modalities 

used. In the current study preoperative CT and IOUS were acquired to assess 

the extent of the disease. However, multiple novel imaging instruments are 

available for improved preoperative and intraoperative assessment of occult liver 

metastases. MRI benefits from increased soft tissue contrast and the availability of 

hepatocyte-specific contrast agents, which yields a higher sensitivity compared to 

CT for the detection of subcentimeter liver metastases and in case of neoadjuvant 

chemotherapy 21,22. Moreover, FDG-PET or PET-CT has been shown to be of 

additional value to detect extrahepatic disease 21. However, the sensitivity of 

detection of occult liver metastases using PET is not higher than CT 21. Despite the 

possible higher detection rate using MRI, it can be expected that lesions missed 

during preoperative imaging, can be detected during IOUS or palpation, which will 

therefore not significantly alter the finding of the current study. Next to preoperative 

imaging modalities, novel modalities for intraoperative assessment of occult liver 

metastases, such as contrast enhanced IOUS, have been introduced to improve 

sensitivity 23,24. However, NIR fluorescence has been shown to add value when used 

in combination with contrast enhanced IOUS as well 23. 

An important aspect of our study is that it can be readily translated to 

the community setting. First, it utilizes a contrast agent already FDA-approved 

for other indications. Second, multiple optical imaging systems are now available 

commercially and are comparable in size, cost, and upkeep to an IOUS instrument. 

And, finally, unlike PET, MRI, and other emerging imaging technologies that require 

significant infrastructure investment and high operational costs, cart-based optical 

imaging is potentially viable in any clinical setting.
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Although the false-positive rate in the current study was zero, previous 

studies have reported that non-malignant lesions (large regenerative nodules and 

atypical hyperplastic nodules) display ICG uptake.13,14 The pattern of uptake appears 

to be important. In large regenerative nodules and atypical hyperplastic nodules, 

NIR fluorescence is seen throughout the tumor (not rim only). In the benign lesions 

(hemangiomas, cysts, and bile duct hamartomas) of our study, no fluorescence rim 

was seen. Clearly, larger clinical trials will be needed to determine the true false-

positive rate and pattern of uptake of ICG as a function of benign lesion histology.

Using fluorescence microscopy, we observed intracellular accumulation 

of ICG in and around CK7-positive cells directly surrounding the tumor, and being 

compressed by it. The architecture of the liver parenchyma is often changed by the 

presence of hepatic metastases leading to compression of hepatic parenchyma, 

inflammatory infiltrate, ductular transformation, and increased presence of 

immature hepatocytes.25-27 It is known that immature hepatocytes often have 

impaired expression of their organic anion transporters, which are essential for the 

transport of many organic anions, including ICG.28-32 For example, in the absence of 

multidrug resistance P-glycoprotein 2, the biliary excretion of ICG can be reduced 

by 90%.33 Therefore, the pattern of rim fluorescence could be explained by the 

presence of immature hepatocytes in the liver tissue surrounding the tumor that 

have taken up ICG, but exhibit impaired biliary clearance.

As in other areas of surgery, the use of laparoscopy is expanding to liver 

surgery. Minor liver resections such as left lateral hepatectomies are being performed 

laparoscopically as standard-of-care in several centers.34 NIR fluorescence may 

also be of great value in laparoscopic surgery because palpation of the liver is not 

possible and the surgeon can only rely on visual inspection, IOUS, and preoperative 

imaging. To implement NIR fluorescence in laparoscopic liver surgery, laparoscopic 

NIR fluorescence camera systems are currently being developed and tested.35-37

In conclusion, this study demonstrated identification of otherwise 

undetectable cancer metastases in 12.5% of patients and suggests that intraoperative 

NIR fluorescence imaging is complementary to conventional techniques for the 

detection of liver metastases from colorectal cancer and has great potential for 

laparoscopic procedures.
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