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Since the turn of this century, intraoperative fluorescence imaging has been used worldwide for 
visualization of blood perfusion[1] and anatomic structures[2], including cancerous tissues and lymphatic 
systems, in a variety of surgical procedures from head to toe. Increasingly more surgeons throughout the 
world are becoming users of fluorescence cholangiography by intravenous injection of indocyanine green 
(ICG) because it illuminates a road map of the biliary tree towards the critical view of safety without 
irradiation or bile duct cannulation. Since the first clinical case was reported in 2009[3], 3,386 cases of 
cholecystectomy using fluorescence cholangiography have been reported in 68 English-language articles as 
of 2020, including large prospective comparative studies and randomized controlled trials[2]. Based on the 
accumulated evidence, near-infrared fluorescence cholangiography was recommended as an adjunct to 
white-light color imaging for prevention of bile duct injury during cholecystectomy in multi-society 
practice guidelines published in 2000[4], followed by consensus guidelines proposed by the International 
Society of Fluorescence Guided Surgery[5]. Finally, as of 2023, the use of ICG for fluorescence 
cholangiography is officially reimbursed in the Japanese health insurance system. A major technical 
breakthrough enabling the rapid and wide dissemination of fluorescence cholangiography is real-time 
superimposition of near-infrared fluorescence signals onto full-color images[6]. Before the clinical 
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application of this technology, surgeons had to understand the spatial relationships between the fluorescing 
biliary anatomy and the background tissues/organs based only on gray-scale images or by meticulously 
changing fluorescence imaging to conventional color imaging. On the other hand, intraoperative 
fluorescence imaging is indeed an application of artificial intelligence (AI) to surgical treatments.

The other expected role of intraoperative fluorescence imaging is real-time evaluation of blood perfusion, 
which can reduce the risk of postoperative ischemic complications such as graft necrosis and anastomotic 
leakage[1]. Further applications of AI-based image processing may enable quantitative and sequential 
assessment of blood perfusion[7], possibly with information regarding tissue oxygenation directly provided 
by a hyperspectral camera[8]. ICG fluorescence imaging can also be used for intraoperative identification of 
liver cancer based on the fact that preoperatively injected ICG retains within differentiated-type 
hepatocellular carcinoma and the non-cancerous hepatic parenchyma surrounding cholangiocarcinoma and 
metastatic tumors[9]. Although the sensitivity of tumor localization by ICG fluorescence imaging is 
sufficiently high (> 90%), relatively high false-positive rates are a limitation of this technique[10]. The use of 
AI for integration of preoperative images into intraoperative information may increase the diagnostic 
accuracy of fluorescence cancer imaging.

As mentioned above, partnering AI-based technologies with intraoperative fluorescence imaging can 
enhance the accuracy and reliability of fluorescence-guided surgery. However, intraoperative fluorescence 
imaging techniques are also expected to assist the development of AI-based intraoperative navigation 
systems. For example, deep learning of anatomic landmarks based on preoperative and intraoperative 
imaging may enable the depiction of the “virtual” biliary tree and show the risk of bile duct injury in real 
time during cholecystectomy[11,12]. Additional input of intraoperative fluorescence imaging into deep 
learning models may also enhance the accuracy of AI-based prediction of postoperative survival 
outcomes[12,13]. Although this research field is just beginning, I believe that interactions and integrations 
between intraoperative fluorescence imaging and AI will open new frontiers towards safer and more 
effective surgical treatments.
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