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A B ST R AC T 
 

 

Dynamic reality has been integrated into developing surgical techniques, with 

the goals of providing increased intraoperative accuracy, easier detection of 

critical anatomical landmarks, and better general results for the patient. 

Enhancement of the reality in surgical theaters using single or multi sensorial 

augmenters (haptic, thermic and visual) has been reported with various degrees 

of success. This paper presents a novel device for navigational surgery and 

ancillary clinical applications based on the fluorescent properties of Indocyanine 

Green (ICG), a safe, FDA-approved dye that emits fluorescence at higher 

wavelengths than endogenous proteins. The latest technological developments 

and the aforementioned convenient quantum behavior of ICG allow for its 

effective identification in tissues by means of a complementary metal-oxide 

semiconductor (CMOS) infrared camera. Following fundamental research on 

the fluorophor in different biological suspensions and at various concentrations, 

our team has built a device that casts a beam of excitation light at 780nm and 

collects emission light at 810-830nm, filtering ambient light and endogenous 

autofluorescence. The emission light is fluorescent and infrared, unlike visible 

light. It can penetrate tissues up to 1.6cm in depth, providing after digitization 

into conventional imaging anatomical and functional data of immense intra-

operative value.   
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Introduction  

Although biomedical sciences have been using 

fluorescent imaging for decades mainly in microscopy, 

intra-operative fluorescence imaging for macroscopic 

structures is still an emerging technique and under constant 

development and improvement. The interest in 

navigational surgery using ICG is increasing rapidly, with 

authors reporting new applications and technique 

modifications almost constantly [1-3]. Augmented reality 

with near infrared fluorescence offers an enhanced surgical 

perspective within various specialties, providing 

supplementary intraoperative data such as delineation of 

biliary structures, evaluation of tissue perfusion when 

forming anastomoses or assessing flaps, lymph node 

dissection guidance, identification of vascular, and highly 

metabolic active structures, etc. [4-6]. All these advantages 

present an opportunity for surgeons to perform faster and 

more safely in a navigational environment which will 

undoubtedly become ubiquitous in the near future. ICG, a 

very safe fluorescent dye employed in clinical and surgical 

practice for more than 60 years, is currently approved by 

the FDA and used in the majority of the European States. 

Over the past decades, its unique near infrared fluorescent 

properties and excellent safety profile have led many 

surgeons to use it off label for different types of guided 

surgery [7-9]. Technology offered optical and electronic 

solutions for low yield photon emission systems only 

recently, rendering previous attempts to perfect the 

technique unsuccessful. Despite its enormous potential, the 

use of the method is limited for monetary reasons, hence 

our endeavor to develop an affordable device with good 

specifications and increased odds for market penetration. 

The prototype presented in the ensuing pages provides 

excellent image clarity in ambient light and a tissue 

penetration of up to 1.6cm. It consists of a CMOS camera, 
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excitation and emission light, low and high pass filters, and 

a digitization software. The design of the device was based 

on spectrophotometric measurements on different matrices 

containing ICG, its parts being adapted to the unique 

behavior of the dye. 

Discussions 

Quantum behavior of ICG   

The principle behind the method is based on the 

fluorescent properties of ICG. When illuminated with an 

excitation light from 750 to 800 nm, the molecule switches 

from fundamental state to a higher level of energy, 

absorbing it from the excitation light. Because the newly 

acquired excited state of the molecule is not stable, 

relaxation to ground state occurs almost instantaneously 

and the excess of energy is cast into photons with higher 

wavelengths (usually over 800nm), thus producing 

fluorescent light (Figure 1) [10]. The process has been 

synthesized in Figure 1, depicting a Jablonski diagram 

applicable to the molecule of ICG. 

 

Figure 1. Jablonski Diagram for ICG 

Although invisible to the naked eye, this light can be 

seen with infrared cameras and converted easily into 

conventional imaging. When tissues, blood, and secretions 

contain ICG they exhibit fluorescent properties as well, 

becoming visible in the near infrared spectrum. This 

happens by producing light captured by a CMOS camera 

and then digitizing it to a visible image that offers 

functional and anatomical details otherwise obscure to 

conventional imagery (Figure 2). 

 

Figure 2. Principle of ICG enhanced fluorescence 

Although simplified for didactic purposes, the process 

of ICG enhanced tissular fluorescence is not easily 

reproducible because of (i) endogenous fluorescence 

produced by various proteins in the human body, (ii) 

ambient light interferences on the camera sensor, (iii) the 

quantum yield of the fluorescent process, (iv) auto-

quenching, (v) aggregation, (vi), dimerisation, (vii) 

fluorescence depolarization, (viii) molecular instability 

after reconstitution, and multiple other subtle processes 

[11,12]. Despite a plethora of clinical research involving 

ICG there have been few papers concerning the quantum 

behavior of this molecule, with the most comprehensive 

published over 40 years ago [12]. Like all polymethinic 

cyanides, ICG is amphiphilic and has a tendency to 

dimerisation at higher concentrations, leading to a decrease 

of the spectral interval between excitation and emission 

wavelengths (blue shift phenomenon) and to a reduction in 

the fluorescence intensity [13-15]. These have an 

enormous impact over the general performance of the 

optical system and any desired improvement of a device 

must take these observations into account. Following 

fundamental research using spectrofluorometry (Horiba 

Jobin Y von fluorolog) at different concentrations of ICG 

in water, water with albumin, bile, and blood, our team 

determined that the intensity of the generated fluorescence 

rises with the concentration of the dye up to a point from 

which the quantum yield drops. We determined this point 

at a dilution of 1/2500 from which H dimers started to 

appear in greater concentrations and affected the efficiency 

of the emission by a mechanism called auto-quenching. 

This observation has been suggested by Barros in 2010 on 

all polymethinic cyanide fluorophors [16-18]. When 

albumin was added to the solution, the fluorescence 

intensity spiked with 150% and generated a red shift 

phenomenon (Figure 3). 

 

Figure 3. Fluorescence intensity in different matrices 

at spectrofluorometry 

The intricacies of these phenomena have not been 

elucidated up to this date, but apparently the binding 

between albumin and ICG reduces formation of oligomeric 

complexes. This is one of the reasons we support using 

albumin as a solvent when performing sentinel lymph node 

biopsy with ICG. When using integral blood and bile, the 

fluorescent intensity is reduced drastically mainly because 
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of endogenous pigment interferences, autofluorescence, 

and binding to various molecules contained in the solvent. 

Furthermore, an increase in the concentration did not 

improve the readings, but addition of albumin did (Figure 

4). 

 

Figure 4. Increased intensity of fluorescence after 

addition of albumin 

Clinical translation and technical specifications of the 

device 

Fluorescent systems using ICG would not have sparked 

such a vibrant interest in the surgical community if human 

biology had not had been exhibiting a convenient 

particularity: hemoglobin absorbs electromagnetic 

radiation with wavelengths under 650nm, and water higher 

than 900nm. Since two thirds of the body is water, this 

window of opportunity between 650 and 900 nm is suitably 

filled by ICG, which absorbs at around 750-780nm and 

emits between 810-840nm depending on the solvent 

(water, bile, blood).  ICG has been in use for over 60 years 

in ophthalmology with fewer complications than any other 

imaging dyes, is FDA approved, and its fluorescence can 

now be harnessed efficiently with modern cameras and 

newer generation optical systems. Nevertheless, for a 

successful clinical translation of any sort of surgical device 

using fluorescence, there are minimal mandatory 

requirements and performance conditions: (i) a source of 

excitation light,  (ii) an optical system for harnessing 

emission light (iii) a camera with visible and infrared 

spectra,(iv) optical filters, (v) a digital image processor, 

(vi) a display, and (vii) a storage device. 

Fluorescent systems use three main types of excitation 

light sources: halogen lamps, light emitting diodes (LED), 

and laser diodes. Broadband lamps offer a large 

illumination filed, but have the lowest efficacy and very 

poor spatial confinement. LED’s have better power and a 

much-reduced broadband but are not indicated for dyes 

with small Stokes shifts, in this case requiring complex 

filtering systems to prevent interferences of the excitation 

light with the emission light. Laser diodes have the 

advantage of monochromatic light, hence a fixed 

wavelength requiring no spectral confinement of the 

excitation light, and they come in various output powers 

[19,20]. The choice of the emission light source is 

dependent on the cost, mounting method, the desired field 

of view, and the sensitivity of the camera sensor. Based on 

spectrophotometric measurements Indoviewer was 

equipped with a 780nm laser diode of 50mW of power with 

continuous light. The laser diode was fixed on a detachable 

magnetic small plate to allow for an adjustable angle and 

area of illumination. 

The introduction of complementary metal-oxide 

semiconductor (CMOS) cameras was revolutionary for 

low yield fluorescent light systems, allowing good quality 

images for low intensity fluorescent light. We used a 

Nocturn GV camera with a DO-2595 lens with manual 

focus and a f-stop of 0,95. This provided a working 

distance starting from 0,5m, which is ideal for fixed 

devices such as our own. The lens had 2 filters attached: an 

IR 850nm and an RG 780. These high and low pass filters 

are used to narrow the spectral window of the light 

impressing the sensor and to shield off the ambient light 

interferences and the excitation light (Figure 5). 

 

Figure 5. Rendered images with the detachable laser 

diode and a real picture with the camera, the lens and 

the optical filters 

The whole system was mounted on an articulated 

mechanical arm fixed in position by a clamp at the base as 

shown in Figure 6. For future research a handheld 

miniaturized version was proposed for ease of handling and 

instant mobility of the area of illumination.  

 

Figure 6. Rendered and constructed device 
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Clinical applications of the device and testing  

ICG-enhanced surgery remains an emergent method, 

although it was first used for breast sentinel lymph node 

biopsy in 2000 and in colorectal surgery after 2007. Over 

the past years a significant surge in interest led to a rise in 

the number of reports worldwide. The main clinical 

applications compatible with our device cover a large array 

of specialties encompassing breast cancer and melanoma-

related sentinel lymph node surgery, assessment of 

vascular pedicles, pancreatic stumps, liver resections, 

surgery for lymphedema, wound evaluation, bowel surgery 

including anastomoses and colonic sentinel lymph nodes, 

tumor marking, metastatic deposits identification, 

dissection of biliary tree and parathyroids, assessment of 

drug delivery devices (Porta-A-Cath), etc. (Figure 7) [21-

23]. 

 

Figure 7. Personal images with ICG enhanced surgery 

using NOVADAQ technology 

ICG is used in general surgery for identification of the 

biliary tree to facilitate faster and safer dissection of the 

pedicles. In a personal study we demonstrated that the use 

of ICG assisted cholecystectomy reduced the duration of 

this operation by 10 minutes and increased the rates of 

identification of anatomical landmarks at the beginning of 

the surgery in high BMI patients [24, 25].  

Although some authors suggest that with adequate 

training there should not be any differences in iatrogenic 

biliary injuries in laparoscopic versus open 

cholecystectomies, we believe that the use of ICG 

enhanced surgery promotes cheaper, safer, and faster 

procedures. 

Boni reports no anastomotic leaks in a series of patients 

on whom assessment with ICG was performed before 

formation of anastomoses [24-26]. Similarly, a multi-

center study on 146 patients undergoing left sided 

colectomies demonstrated a 1.4% rate of anastomotic leaks 

and 11 anastomotic re-dos after intraoperative ICG 

evaluation. None of the 11 patients had any complications 

[25,27]. Upper gastrointestinal surgery benefited from ICG 

enhanced surgery in gastric resections and eso-jejuno 

anastomoses with reductions in anastomotic leaks from 

18% to 3% in a report published by Karampinis [26, 28]. 

In emergency surgery, ICG is used for evaluation of 

bowel perfusion in strangulated hernias and non-occlusive 

mesenteric ischemia [27-29]. In endocrine surgery, 

Kahramangi reports a rate of parathyroid identification of 

93% using ICG on a cohort of 33 patients [30, 31].  In 

plastic surgery, the method is useful in identification and 

assessment of vascular pedicles, flap viability, and 

lymphatico-venular anastomoses [32,33]. Apart from these 

applications some authors reported preliminary data on 

experimental ICG tagged monoclonal antibodies against 

tumor antigens and nanoparticulated ICG for cancer 

therapy [34, 35].  

Indoviewer was bench-tested on animal tissues and 

produced very good quality images at optimum 

concentrations of ICG and a maximal depth penetration of 

fluorescent light of up to 1.6cm. Studies in operating 

theaters will follow after safety certification and ethical 

committee approval (Figure 8). 

 

Figure 8. Functional device during tests 

Future research directions 

Although Indoviewer is a functional prototype awaiting 

patenting, at the moment our team is committed to 

continuong improvement in terms technical specifications 

and ergonomics. In this regard, a handheld miniaturized 

version using battery power and wireless imaging 

transmission has been contemplated. Preliminary 

schematics show viability of the idea, but an increase in 

production costs will be inevitable. This might hinder our 

efforts to offer an affordable device that can be used 

ubiquitously (Figure 9). 

 

Figure 9. Future research proposal for a hand held 

ICG device 
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Pulsating laser light could employ higher power 

specifications with less thermal effect, but would impact 

cost containment strategies, as it requires a complementary 

module for pulsating light. 

Technical alternatives with goggles-projected 

augmented reality are viable, but will restrict surgeon`s 

mobility, will affect the ergonomics, and might distract the 

surgeons from their immediate environment. Apart from 

significant cost escalation, this is another reason virtual 

reality (complete separation of the surgeon from his 

environment) is not a recommended option for use with 

ICG at the moment. 

Conclusions 

The unprecedented technological progress of the last 

decades has opened research perspectives into bio-imaging 

with applications in all surgical specialties. ICG-enhanced 

surgery is a new emerging method based on old principles, 

unmet technologically for more than half a century. Our 

device is a functional prototype with very good light 

penetration and clear image that might be used 

ubiquitously due to its affordability and versatility. We 

believe that improved versions of the Indoviewer could 

integrate more sophisticated augmented reality modules 

that will increase its performances and expand its range of 

clinical applications.  

Conflict of interest disclosure 

There are no known conflicts of interest in the 

publication of this article. The manuscript was read and 

approved by all authors. 

Compliance with ethical standards 

Any aspect of the work covered in this manuscript has 

been conducted with the ethical approval of all relevant 

bodies and that such approvals are acknowledged within 

the manuscript.  

References 

1. Kusano M, Kokudo N, Toi M, et al. ICG 

fluorescence and navigation surgery. Springer.  

Japan 2016.  ISBN 978-4-431-55527-8 

2. Alander JT, Kaartinen I, Laakso A, et al. A review 

of indocyanine green fluorescent imaging in surgery. 

Int J Biomed Imaging. 2012; 2012: 940585. doi: 

10.1155/2012/940585. 

3. Das P, Santos S, Park GK, Hoseok I, Choi HS. Real-

Time Fluorescence Imaging in Thoracic Surgery. 

Korean J Thorac Cardiovasc Surg. 2019;52(4):205–

220. doi: 10.5090/kjtcs.2019.52.4.205 

4. Grosek J, Tomažič A. Key clinical applications for 

indocyanine green fluorescence imaging in 

minimally invasive colorectal surgery. J Minim 

Access Surg. 2019; doi: 10.4103/jmas.JMAS_ 

312_18. 

5. Ferreira H, Smith AV, Wattiez A. Application of 

Indocyanine Green in Gynecology: Review of the 

Literature. Surg Technol Int. 2019;15(34):282-292. 

6. Slooter MD, Eshuis WJ, Cuesta MA, et al. 

Fluorescent imaging using indocyanine green during 

esophagectomy to prevent surgical morbidity: a 

systematic review and meta-analysis. J Thorac Dis. 

2019;11(Suppl 5):S755-S765. 

7. Lau CT, Au DM, Wong KKY. Application of 

indocyanine green in pediatric surgery. Pediatr Surg 

Int. 2019;35(10):1035-1041. 

8. Guan Y, Sun T, Ding J, et al. Robust organic 

nanoparticles for noninvasive long-term 

fluorescence imaging. J Mater Chem B. 2019;7(44): 

6879-6889. 

9. Carus T, Pick P. Intraoperative fluorescence 

angiography in colorectal surgery. Chirurg. 2019; 

90(11):887-890. 

10. Lakowicz JR. Principles of Fluorescence 

Spectroscopy, 2nd Ed., Kluwer Academic/Plenum 

Publishers, New York, London, Moscow, Dordrecht, 

1999. 

11. Savopol T. Curs master: Elemente de spectroscopie. 

2012 

12. Landsman ML, Kwant G, Mook GA, Zijlstra WG. 

Light-absorbing properties, stability, and spectral 

stabilization of indocyanine green. J Appl Physiol. 

1976;40(4):575–83. 

13. Gathje J, Steuer RR, Nicholes KR. Stability studies 

on indocyanine green dye. J Appl Physiol. 

1970;29(2):181–5. 

14. Ardeleanu V, Chebac GR, Georgescu C, et al. The 

modifications suffered by the peri-esophageal 

anatomical structures in the hiatal hernia disease: a 

qualitative and quantitative microanatomic study. 

Rom J Morphol Embryol. 2010;51(4):765–770. 

15. Cherrick GR, Stein SW, Leevy CM, Davidson CS. 

Indocyanine green: observations on its physical 

properties, plasma decayand hepatic extraction. J 

Clin Invest. 1960;39(4):592–600. 

16. Zhou JF, Chin MP, Schafer SA. Aggregation and 

degradation of indocyanine green, in Anderson R 

(ed): Laser Surgery: Advanced characterization, 

therapeutics and systems IV. Bellingham, CA SPIE, 

1994 pp. 495–505. 

17. Barros C, Toma S, Toma H et al. Polymethine 

cyanine dyes in beta-cyclodextrin solution multiple 

equilibra and chemical oxidation. Journal of 

physical organic chemistry. 2010;23(10):893-903. 

doi:10.1002/poc.1692 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31034577
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=31034577
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wattiez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31034577
https://www.ncbi.nlm.nih.gov/pubmed/31080655
https://www.ncbi.nlm.nih.gov/pubmed/31080655
https://www.ncbi.nlm.nih.gov/pubmed/31080655


Cătălin Aliuș et al. 

 45 

18. Gioux S, Kianzad V, Ciocan R, et al. High-power, 

computer-controlled, light-emitting diode-based 

light sources for fluorescence imaging and image-

guided surgery. Mol Imaging. 2009;8(3):156–65. 

19. DSouza AV, Lin H, Henderson ER, Samkoe KS, 

Pogue BW. Review of fluorescence guided surgery 

systems: identification of key performance 

capabilities beyond indocyanine green imaging.  

J Biomed Opt. 2016; 21(8): 80901. doi: 

10.1117/1.JBO.21.8.080901 

20. Schauer A, Becker W, Reiser M. et al. The sentinel 

lymph node concept. Springer. Berlin 2015. 

21. Calatayud D, Milone L, Elli EF, Giulianotti PC. 

ICG-fluorescence identification of a small aberrant 

biliary canaliculus during robotic cholecystectomy. 

Liver Int. 2012; 32(4): 602. doi: 10.1111/j.1478-

3231.2012.02757.x. 

22. Ardeleanu V, Francu L, Georgescu C. 

Neoangiogenesis. Assessment in Esophageal 

Adenocarcinomas. Indian J Surg. 2015;77(Suppl 

3):971–976. doi:10.1007/s12262-014-1091-9 

23. Protyniak B. et al. Intraoperative indocyanine green 

fluorescence angiography an objective evaluation of 

anastomotic perfusion in colorectal surgery. Am 

Surg. 2015;81(6):580-4. 

24. Onisai M, Vladareanu AM, Nica A, et al. 

Splenectomy in Lymphoproliferative Disorders: A 

Single Eastern European Center Experience. 

Medicina (Kaunas). 2019;56(1) pii: E12 

25. Georgescu SR, Tampa M, Paunica S, Balalau C, 

Constantin V, Paunica G, Motofei I. Distribution of 

post-finasteride syndrome in men with androgenic 

alopecia; ESDR-Congress 2015, Journal of 

Investigative Dermatology (abstract) 135: S40, 2015.    

26. Alius C, Gradinaru S, Nica AE. Indocyanine Green 

enhanced laparoscopic cholecystectomy in acute 

patients: do we need a revision of the safety 

paradigms? Practica Medicala 2017; 44(2):151-154. 

27. Boni L, David G, Mangano a, et al. Clinical 

applications of indocyanine green (ICG) enhanced 

fluorescence in laparoscopic surgery. Surg Endosc. 

2015;29(7):2046-2055. 

28. Jafari M, Wexner S, Martz J et al. Perfusion 

assesment in laparoscopic left sided/anterior 

resection (PILLAR II): a multi-institutional study. 

J Am Coll Surg. 2015;220(1):82-92. 

29. Karampinis I, Ronellenfitsch U, Mertens C, et al. 

Indocyanine green tissue angiography affects 

anastomotic leakage after esophagectomy. A 

retrospective, case-control study. Int J Surg. 

2017;48:210–214. doi:10.1016/j.ijsu.2017.11.001. 

30. Ciuhu AN, Pantea-Stoian AM, Nitipir C, et al. 

Assessment of cachexia in cancer patients with 

advanced disease. Conference: 3rd International 

Conference on Interdisciplinary Management of 

Diabetes Mellitus and its Complications 

(INTERDIAB) Location: Bucharest, ROMANIA 

Date: MAR 02-04, 2017. Sponsor(s): Assoc Renal 

Metab & Nutrit Studies; AstraZeneca Diabetes; 

MSD Diabetes; novo nordisk; SANOFI, 

INTERDIAB 2017: DIABETES MELLITUS IN 

INTERNAL MEDICINE   Book Series: International 

Conference on Interdisciplinary Management of 

Diabetes Mellitus and its Complications   Pages: 

139-147   Published: 2017 

31. Takeda M, Hiramatsu Y, Unno N et al. Intraoperative 

Indocyanine grenn fluorescence angyography for 

diagnosis of nonocclusive mesenteric ischemia: a 

case report. Int Surg. 2016;101:524–529. 

32. Kahramangil B, Berber E. The use of near-infrared 

fluorescence imaging in endocrine surgical 

procedures. J Surg Oncol. 2017;115(7):848–855. 

doi:10.1002/jso.24583.  

33. Liu DZ, Mathes DW, Zenn MR, Neligan PC. The 

application of indocyanine green fluorescence 

angiography in plastic surgery. J Reconstr 

Microsurg. 2011;27(6):355–64. 

34. Cheng H, Chi C, Shang W, et al. Precise integrin-

targeting near-infrared imaging-guided surgical 

method increases surgical qualification of 

peritonealcarcinomatosis from gastric cancer in 

mice. Oncotarget 2017;8(4):6258-6272. 

35. Bennett ZT, Feng Q, Bishop JA, et al. Detection of 

Lymph Node Metastases by Ultra-pH-Sensitive 

Polymeric Nanoparticles. Theranostics. 2020; 10(7): 

3340-3350. 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20ZT%5BAuthor%5D&cauthor=true&cauthor_uid=32194872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=32194872
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bishop%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=32194872

	Innovative Device for Indocianyne Green Navigational Surgery
	Recommended Citation

	Review Original research Case report

