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Surgery is constantly evolving, with innovations in 
surgical techniques and minimally invasive, endoscopic 
and robotic surgery. Most surgical procedures rely on 

white-light reflectance, which does not allow differentiation 
between normal and diseased tissue beyond gross anatomical 
appearances. Fluorescence imaging (FI) offers enhancement to 
traditional low-contrast white-light visualisation and real-time, 
pseudocolour delineation of anatomic structures.(1) The use 
of FI for intraoperative navigation provides the surgeon with 
enhanced visualisation capabilities, including localisation of 
anatomical structures; delineation of diseased and normal tissue; 
enhanced localisation of tumours and lymph nodes; intraoperative 
assessment of margin status; and real-time visualisation of organ 
perfusion, all of which can deliver better outcomes. To obtain 
a fluorescence signal, the operative field is exposed to near-
infrared (NIR) light sources, while the target is injected with a 
fluorescent dye or contrast agent that emits a fluorescence signal 
after being excited by laser sources. The fluorescence signal can 
be either visualised directly on the operative field during surgical 
procedures or captured by specific cameras and displayed on a 
screen in a minimally invasive procedure or endoscopy.(2) In this 
way, FI allows surgical navigation without the need for additional 
bulky equipment in the operating room, and the enhanced 
information provided to the surgeon is displayed in real time. 

Several targeted contrast agents are established in clinical 
use and a number of agents are under development. The most 
widely used agents include indocyanine green (ICG), fluorescein, 
methylene blue and 5-aminolevulinic acid. A large number of 
contrast agents that are in development are small molecule-
based, followed closely by peptide- or antibody-based contrast 
agents and nanoparticles.(3) A wide array of clinically approved 
FI systems are available for open surgery, minimally invasive and 
endoscopic procedures. 

FI that utilises the fluorescent properties of ICG fluorophores 
(most commonly used in FI) is increasingly being adopted 
in various medical and surgical disciplines. ICG is a water-
soluble, tricarbocyanine dye that binds to blood lipoproteins 
after intravenous injection. ICG is selectively taken up at the 
first pass by hepatocytes and excreted unchanged into the bile. 
This fluorophore has tissue penetration of up to 5 mm, a plasma 
half-life of 3–5 minutes and biliary excretion time of 15–20 
minutes, making it ideal for repeated applications.(2) The plethora 
of publications related to FI and guided surgery is a testament to 
the increased adoption and interest in the field.(2)

ICG FI is currently used in multiple disciplines in medical 
fields. ICG angiography in neurosurgery has become a 
routine method for intraoperative evaluation of intracranial 
blood circulation in aneurysm surgery(4) and the patency of 
microanastomoses in neurosurgical extracranial-intracranial 
revascularisation operations.(5) In cardiovascular surgery, ICG FI 
is used for intraoperative assessment of graft patency, diagnostics 
of peripheral arterial occlusive disease and predicting wound 
healing after major amputation.(6) In oncologic surgery, ICG 
FI has been found to be useful for mapping lymphatics and 
nodes in breast, gastric, colorectal, gynaecologic, and head and 
neck cancers.(7) In colorectal surgery, FI is found to be useful in 
assessing anastomotic perfusion,(8) visualisation of the ureter, 
endoscopic tattooing of lesions, detection of small carcinomatosis 
and liver metastasis.(9) 

Specifically in the arena of hepatobiliary and pancreatic 
surgery, ICG FI has several applications. The exclusively hepatic 
metabolism of ICG, which results in biliary excretion starting 
approximately 30 minutes after intravenous injection, enables 
visualisation of the biliary anatomy, which is useful during difficult 
cholecystectomies. The advantages of ICG FI over conventional 
radiographic cholangiography are convenience, time savings, the 
ability to delineate the anatomy in real time before the dissection 
of Calot’s triangle, and safety, although it is not useful in detecting 
stones. The FALCON trial,(10) a multicentre randomised controlled 
trial, is currently investigating the use of ICG FI in laparoscopic 
cholecystectomies. The trial is powered with the primary endpoint 
of time to ‘critical view of safety’ and not bile duct injury, as the 
latter requires a much larger sample size and may be impractical. 
In liver surgery for clear identification of segmental liver 
anatomy, Ishizawa et al has demonstrated positive or negative 
staining techniques for liver segment delineation in laparoscopic 
hepatic resections.(11) During positive segmental staining, the 
portal vein is punctured under sonographic guidance through 
the liver surface with slow injection of ICG. In the negative 
staining technique, the Glissonean pedicle that corresponds to 
the segments to be resected is dissected and clamped, followed 
by the use of intravenous ICG, which stains the remaining liver. 
ICG clearance is impaired in malignant hepatocytes or liver 
tissue that is compressed by a tumour, a property that may aid in 
tumour detection if ICG is injected preoperatively. However, it is 
only useful for subcapsular lesions, as the depth of penetrance is 
limited to 8 mm for NIR imaging. Another limitation is the high 
incidence of false positives despite the high sensitivity.(12) 
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Another application of ICG FI is in securing surgical margins 
and modifying the plane of transection if fluorescence is 
encountered.(13) Newton et al has also described the use of ICG 
FI in identifying tumours and real-time assessment of pancreatic 
margins in pancreatic resections.(14) 

ICG FI still has several limitations, such as the lack of quantitative 
data to measure tissue perfusion (i.e. ‘How green is green?’) and 
the lack of standardised and validated quantitative models. In 
this issue of the Singapore Medical Journal, Lim et al(15) described 
their experience with NIR imaging using ICG for intraoperative 
liver tumour localisation in 32 patients. A total of 46 lesions were 
resected, including 23 hepatocellular carcinomas, 12 colorectal 
liver metastases and 11 benign lesions. ICG FI identified 38 (82.6%) 
out of 46 lesions prior to resection. For the eight lesions not detected 
by ICG, 6 (75.0%) out of eight were in cirrhotic livers, and 1 (12.5%) 
was > 1 cm deep. Lim et al also observed that in cirrhotic patients 
with malignant lesions, those given ICG on preoperative Days 
4–7 had a higher detection rate of 91.7%, compared to 66.7% if 
it was administered on Days 0−3. Based on these observations, 
they concluded that it is a useful modality and that the injection 
of ICG can be done nearer to the resection day provided that the 
liver is not cirrhotic. Further areas to explore in this study would be 
the concordance among the preoperative imaging or localisation, 
intraoperative detection with ICG and postoperative pathology 
report, as well as the number of patients who had a revision of 
surgical plan based on intraoperative FI.

Despite the initial promise of FI in various surgical fields, 
enthusiasm has outstripped the evidence. Adoption of newer 
techniques or technology even before efficacy is established may 
lead to increased costs and possibly harm. However, given the 
ease of application of FI and the relative safety of the procedure, 
it is likely that FI ICG will be adopted widely prior to systematic 
attempts at seeking evidence, even if the benefit is marginal 
compared to existing modalities. The only barrier to adoption is 
the availability of systems and hospitals that invest in the additional 
costs. For instance, the da Vinci® (Intuitive Surgical Inc, CA, 
USA) robotic system incorporates NIR capabilities and using ICG 
will incur only the cost of the drug. Future systems for minimally 
invasive surgery will also incorporate NIR capabilities. In addition 
to factors such as compatibility with current practice, the surgeons’ 
learning curve, and demand from patients or surgeons, the major 
driver for change is economic: the NIR imaging market is projected 
to reach  USD 822 million by 2023 from an estimated USD 
416 million in 2018, a compound annual growth rate of 14.6%.(16) 

Finally, even if the retrospective data emerges, some 
questions remain, as is true whenever there is rapid adoption of 
new technology in clinical practice. We need to consider if it is 
possible to conduct randomised controlled trials with FI ICG to 
seek evidence and whether it remains justifiable to offer traditional 
care to patients, given that our medical ethics call for the benefits 
of new or experimental treatments to be distributed equally among 
all groups in society. Only then will this technology offer more 
hope than hype to patients.
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