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Editorial
Indocyanin green (ICG) evolved during World War II as a dye for photography and was first 

introduced in medicine at the Mayo clinic in 1957 [1]. Two years later ICG gained the FDA approval 
and was initially applied as a diagnostic modality in liver function tests and later in cardiology. 
During the last years, a major progress has been made in the field of artificial imaging to support 
the ICG use in surgery. This technical support has opened new horizons for fluoroscopy and has 
regenerated the interest of surgeons in the application of ICG [2-4]. The hype of ICG fluorescence 
however needs to be critical appraised in several points, as quality of studies performed, the 
comparability between systems and dosages of ICG used. This manuscript shall give some basic 
information on the fields of ICG fluorescence in general surgery and some background information 
on available systems and their technologies.

ICG is an amphiphilic, water soluble fluorophore with an excellent tissue penetration and a high 
binding affinity to plasma proteins, globulins and albumin [2,3]. Administered intravenously ICG 
is used in a dosage of 0.01-0.5 mg/kg and has a half-time of 150-180 seconds and is metabolized by 
the liver 4]. The use of ICG for diagnostic is regarded clinically safe as anaphylactic reactions only 
occur in very rare cases. After intravenous administration ICG binds rapidly to plasma proteins. 
After local injection ICG fluorescence can be used to show tumors, lymphatic drainage and sentinel 
nodes. The spectral absorption of ICG in blood is at about 780 nm and emission at about 830 nm [2]. 
The images can be obtained using a charge coupled device near-infrared video camera.

ICG tissue angiography can offer a real-time assessment of the tissue blood perfusion, thus 
providing the surgeon with helpful information when critical decisions concerning the adequacy 
of the blood perfusion have to be made. Perfusion assessment can help in the placement of 
critical anastomoses like in gastroesophageal surgery [5] and colorectal surgery [6,7]. It helps in 
decision making processes in cases of mesenteric ischemia [8] and liver resections [9]. Prospective 
randomized trials in all of these fields are currently on the way to gather a higher level of evidence 
of ICG fluorescence in these fields. One of the main critical points is the qualitative assessment 
character of ICG perfusion assessment. A reproducible perfusion threshold still remains something 
a surgeon could dream of regarding all systems currently on the market.

ICG fluorescence for sentinel node detection is a hot topic in several fields of surgery, urology, 
gynecology and general surgery [10,11]. ICG has been shown to be comparable to blue dye and 
radioactive markers in several studies of breast cancer and the future will show whether it is safe to 
rely solely on ICG as a dye.

ICG fluorescence of metastases/liver tumours after systemic injection of ICG has been reported 
to increase detection rates of colorectal liver metastases and hepatocellular carcinomas within 
several series, hence sensitivity and specificity differ [9,12,13]. Further limitations are the maximal 
infiltration depth of 10 mm.

Several imaging systems are currently commercially available for fluorescence angiography 
working with distinctive different technologies both in terms of light sources, optics and for excitation 
(laser, filters). Over the last years new imaging devices for intraoperative fluorescence illustration 
fascinated surgeons all around the world. The latest systems have high resolution cameras for open 
and laparoscopic situations. Moreover some platforms offer fused imaging enabling fluoroscopy 
while operating under white light. At a closer sight however: Differences in the quality of images, 
noise ratio and image fusion seem evident by the eye. Moreover most of the systems however don’t 
offer a quantification tool yet. Until now it is unknown in how far these systems deliver comparable 
results between each other in the estimation of e.g. tissue perfusion. Auto-adjustment software 
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within some of the systems might even hamper clinical comparability 
of the systems.

A rising amount of clinical reports and studies are published. 
However the amount of high quality studies to gather evidence still 
is low in most fields of general surgery. The new field offers exciting 
new possibilities to the surgeon with possibly positive impact on our 
patients. However both from a clinical and technological perspective 
above mentioned challenges need to be overcome mainly by the 
medical device developers. The future of fluorescent imaging in 
surgery is bright. The technical possibilities are further emerging 
quickly. Supposable specific dyes for tumors and nerves together 
with fused imaging modalities might significantly help the surgeon 
intraoperatively in the close future.

References
1. Fox IJ, Brooker LG, Heseltine DW, Essex HE, Wood EH. A tricarbocyanine 

dye for continuous recording of dilution curves in whole blood 
independent of variations in blood oxygen saturation. Proc Staff Meet 
Mayo Clin. 1957;32:478-84.

2. Ogawa M, Kosaka N, Choyke PL, Kobayashi H. In vivo molecular 
imaging of cancer with a quenching near-infrared fluorescent probe using 
conjugates of monoclonal antibodies and indocyanine green. Cancer Res. 
2009;69:1268-72.

3. Anayama T, Qiu J, Chan H, Nakajima T, Weersink R, Daly M, et al. 
Localization of pulmonary nodules using navigation bronchoscope and a 
near-infrared fluorescence thoracoscope. Ann Thorac Surg. 2015;99:224-
30.

4. Speich R, Saesseli B, Hoffmann U, Neftel KA, Reichen J. Anaphylactoid 
reactions after indocyanine-green administration. Ann Intern Med. 
1988;109:345-6.

5. Zehetner J, DeMeester SR, Alicuben ET, Oh DS, Lipham JC, Hagen JA, 

et al. Intraoperative Assessment of Perfusion of the Gastric Graft and 
Correlation With Anastomotic Leaks After Esophagectomy. Ann Surg. 
2015;262:74-8.

6. Boni L, David G, Mangano A, Dionigi G, Rausei S, Spampatti S, et al. 
Clinical applications of indocyanine green (ICG) enhanced fluorescence 
in laparoscopic surgery. Surg Endosc. 2015;29:2046-55.

7. Degett TH, Andersen HS, Gögenur I. Indocyanine green fluorescence 
angiography for intraoperative assessment of gastrointestinal anastomotic 
perfusion: a systematic review of clinical trials. Langenbecks Arch Surg. 
2016;401:767-75.

8. Nowak K, Sandra-Petrescu F, Post S, Horisberger K. Ischemic and injured 
bowel evaluation by Fluorescence imaging. Colorectal Dis. 2015;17:12-5.

9. Terasawa M, Ishizawa T, Mise Y, Inoue Y, Ito H, Takahashi Y, et al. 
Applications of fusion-fluorescence imaging using indocyanine green in 
laparoscopic hepatectomy. Surg Endosc. 2017.

10. Xiong L, Gazyakan E, Yang W, Engel H, Hünerbein M, Kneser U, et al. 
Indocyanine green fluorescence-guided sentinel node biopsy: a meta-
analysis on detection rate and diagnostic performance. Eur J Surg Oncol. 
2014;40:843-9.

11. Niebling MG, Pleijhuis RG, Bastiaannet E, Brouwers AH, van Dam GM, 
Hoekstra HJ. A systematic review and meta-analyses of sentinel lymph 
node identification in breast cancer and melanoma, a plea for tracer 
mapping. Eur J Surg Oncol. 2016;42:466-73.

12. van der Vorst JR, Schaafsma BE, Hutteman M, Verbeek FP, Liefers GJ, 
Hartgrink HH, et al. Near-infrared fluorescence-guided resection of 
colorectal liver metastases. Cancer. 2013;119:3411-8.

13. Nomura K, Kadoya M, Ueda K, Fujinaga Y, Miwa S, Miyagawa S. 
Detection of hepatic metastases from colorectal carcinoma: comparison 
of histopathologic features of anatomically resected liver with results of 
preoperative imaging. J Clin Gastroenterol. 2007;41:789-95.

http://www.mayoclinicproceedings.org/pb/assets/raw/Health Advance/journals/jmcp/jmcp_la_89_8_2_2.pdf
http://www.mayoclinicproceedings.org/pb/assets/raw/Health Advance/journals/jmcp/jmcp_la_89_8_2_2.pdf
http://www.mayoclinicproceedings.org/pb/assets/raw/Health Advance/journals/jmcp/jmcp_la_89_8_2_2.pdf
http://www.mayoclinicproceedings.org/pb/assets/raw/Health Advance/journals/jmcp/jmcp_la_89_8_2_2.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2788996/
https://www.ncbi.nlm.nih.gov/labs/articles/25442988/
https://www.ncbi.nlm.nih.gov/labs/articles/25442988/
https://www.ncbi.nlm.nih.gov/labs/articles/25442988/
https://www.ncbi.nlm.nih.gov/labs/articles/25442988/
http://www.ncbi.nlm.nih.gov/pubmed/3395048
http://www.ncbi.nlm.nih.gov/pubmed/3395048
http://www.ncbi.nlm.nih.gov/pubmed/3395048
http://www.ncbi.nlm.nih.gov/pubmed/25029436
http://www.ncbi.nlm.nih.gov/pubmed/25029436
http://www.ncbi.nlm.nih.gov/pubmed/25029436
http://www.ncbi.nlm.nih.gov/pubmed/25029436
https://www.ncbi.nlm.nih.gov/pubmed/25303914
https://www.ncbi.nlm.nih.gov/pubmed/25303914
https://www.ncbi.nlm.nih.gov/pubmed/25303914
https://www.ncbi.nlm.nih.gov/pubmed/26968863
https://www.ncbi.nlm.nih.gov/pubmed/26968863
https://www.ncbi.nlm.nih.gov/pubmed/26968863
https://www.ncbi.nlm.nih.gov/pubmed/26968863
http://www.ncbi.nlm.nih.gov/pubmed/26394737
http://www.ncbi.nlm.nih.gov/pubmed/26394737
https://www.ncbi.nlm.nih.gov/pubmed/28455774
https://www.ncbi.nlm.nih.gov/pubmed/28455774
https://www.ncbi.nlm.nih.gov/pubmed/28455774
https://www.ncbi.nlm.nih.gov/pubmed/24613744
https://www.ncbi.nlm.nih.gov/pubmed/24613744
https://www.ncbi.nlm.nih.gov/pubmed/24613744
https://www.ncbi.nlm.nih.gov/pubmed/24613744
http://www.ncbi.nlm.nih.gov/pubmed/26853759
http://www.ncbi.nlm.nih.gov/pubmed/26853759
http://www.ncbi.nlm.nih.gov/pubmed/26853759
http://www.ncbi.nlm.nih.gov/pubmed/26853759
https://www.ncbi.nlm.nih.gov/pubmed/23794086
https://www.ncbi.nlm.nih.gov/pubmed/23794086
https://www.ncbi.nlm.nih.gov/pubmed/23794086
https://www.ncbi.nlm.nih.gov/pubmed/17700429
https://www.ncbi.nlm.nih.gov/pubmed/17700429
https://www.ncbi.nlm.nih.gov/pubmed/17700429
https://www.ncbi.nlm.nih.gov/pubmed/17700429

	Title
	Editorial
	References

