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Fluorescence-guided surgery of the esophagus
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Abstract: The use of indocyanine green (ICG) fluorescence near-infrared (NIR) imaging during 
gastrointestinal surgery has surged in recent years. Its use in esophageal surgery is actively being studied both 
in the clinical setting and in the lab. NIR imaging has several important applications in esophageal surgery 
including assessing perfusion of the gastrointestinal-esophageal anastomosis, lymphatic drainage and tracheal 
blood flow after mediastinal dissection. This is a review of the modern literature summarizing the current 
knowledge on fluorescence-guided surgery of the esophagus.
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Introduction

The use of indocyanine green (ICG) fluorescence near-
infrared (NIR) imaging during gastrointestinal surgery 
has surged in recent years. Its use in foregut surgery, and 
specifically in esophageal surgery is the subject of active 
research. ICG is a tricarbocyanine iodide dye that can be 
safely injected intravenously or directly into tissue. When 
injected intravenously, it immediately binds plasma proteins, 
then is rapidly cleared by the liver and undergoes biliary 
excretion. These properties make it ideal for intraoperative 
angiography. Furthermore, its rapid biliary extraction allows 
repeated injections after relatively short washout periods. Its 
fluorescent properties are the result of molecular excitation 
brought about by use of near-infrared light at wavelengths 
exceeding 820 nm. It can be detected using specifically 
designed cameras during open or minimally invasive 
surgery (1). NIR imaging has several important applications 
in esophageal surgery including assessment of anastomotic 
perfusion, lymphatic mapping, and tracheal blood flow 
after mediastinal dissection. This is the first systemic review 
summarizing the current data on ICG use in esophageal 

surgery (Table 1).

ICG to assess perfusion of anastomosis

The most-studied application of ICG fluorescence imaging 
during esophageal surgery has been to evaluate the 
perfusion of the gastrointestinal-esophageal anastomosis. 
One of the most common and morbid complications of 
esophageal surgery is anastomotic leakage. There are 
several risk factors that can contribute to a higher risk 
of leak including nutritional status and prior radiation. 
Intraoperative factors such as tension, quality and length of 
the right gastroepiploic artery, and perfusion at the site of 
the anastomosis can also impact leak rate. The leak rate in 
esophageal surgery is reported to be between 5% and 20%. 
Recent data suggest 9% in intrathoracic anastomoses and 
12% in cervical anastomoses (1,2). Traditionally, the visual 
appearance of the gastrointestinal tract, palpable pulse 
and bleeding from cut edges has been used to determine 
adequate perfusion. Adjunctive technology that provides 
objective perfusion assessment may potentially lower the 
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risk of anastomotic leak. A recent meta-analysis shows a 
10.9% leak rate when ICG is used (1). This is comparable 
to reported leak rates without the use of ICG angiography. 
However, when only studies that included a control group 
and a modification of surgical plan if ICG showed perfusion 
deficit, showed a 69% (89/436 vs. 15/261) absolute risk 
reduction of anastomotic leak. 

Another recent systematic review showed that the 
anastomotic leak rate was 6.5% when there was a 
modification of the anastomosis based on ICG angiography 
findings. Whereas when there was ICG angiography 
evidence of poor perfusion but no intervention, there was 
47.8% risk of anastomotic leak (2). Although promising, 
larger randomized prospective trials need to be completed 
to definitively establish the role of ICG angiography in 
preventing anastomotic leak. 

While there are a number of reports regarding the use 
of ICG for evaluation of the esophago-gastric anastomosis, 
there is a dearth of evidence regarding the use of ICG 
for alternative reconstruction methods. A recent article 
described the use of ICG angiography in performing 
colonic interposition as esophageal reconstruction. The 
authors felt that ICG angiography played an important role 
in decision-making and can be used repeatedly during the 
procedure to make real-time decisions about which segment 
of colon is best-suited for reconstruction and to assess 
perfusion at the multiple sites of anastomosis (3).

Dose of ICG, consensus regarding the definition of 
“poor perfusion” as assessed by ICG and what intervention 
to perform to mitigate the risk of leak have all yet to be 
resolved. 

Ishige et al. developed a technique of quantitatively 
measuring blood flow at planned anastomotic site. It 
involved using an IV dose of 1.25 mg then observing a 
small area of interest and measuring fluorescence intensity 
and time to reach maximum fluorescence. This was a 
small exploratory study and there were no anastomotic 
leaks (4). Noma et al. and Kumagai et al. published a 30- 
and 90-second rule respectively describing that well-
perfused means it takes less than the allotted time to 
enhance with fluorescence (5,6). Noma et al. showed 
ICG angiography assessment of gastric conduit improved 
leak rate to 8.6% (6/71) compared to historical case-
match control without ICG of 21% (60/285) using  
12.5 mg ICG IV and a 30-second rule. It is unclear how 
many patients had interventions such as Kocherization, 

incision of hepatoduodenal ligament or revision of 
anastomosis. One patient had supercharge/drainage with 
cervical vessels of gastric conduit based on ICG angiography 
and that patient did not leak. Kumagai et al. showed 1.4% 
(1/70) leak rate using 12.5 mg ICG IV and 90-second 
rule. In 18/70 patients, gastric tube tip took >90-second 
to enhance with fluorescence so that portion was resected 
prior to anastomosis. In 3/70 patients, fluorescence of the 
gastric tube took 60–90-second and 1 of those patients had 
a minor leak. Both of these studies showed good results 
with low rates of anastomotic leak, however both studies 
were small and had low events.

Other applications of ICG in esophageal surgery

Given its simplicity and safety, alternate uses of ICG 
are actively being investigated during or following 
esophagectomy. Most of these reports are anecdotal or small 
case series, however as with any new technology, the more 
data that is being reported- the better the understanding of 
this new technology.

Lymphatic drainage assessment by ICG

Another application of ICG fluorescence imaging in 
esophageal surgery is for lymphatic mapping in esophageal 
cancer. In order to better characterize the lymphatic 
drainage and to guide dissection, ICG can be injected 
endoscopically submucosally near the tumor and NIR 
can be used to see first lymph node basins to enhance 
with fluorescence. Schlottmann et al. and Hachey et al. 
showed the feasibility of this technique in patients with 
gastroesophageal junction or mid-esophageal tumors (7,8). 
Schlottmann injected 2.5 mg submucosally in 4 quadrants 
of the esophagus near the tumor and lymph drainage was 
visualized 15–20 minutes after injection with NIR. The 
first lymph node station to fluoresce was the left gastric 
in 8/9 cases. Three out of nine cases had positive lymph 
nodes and first station lymph node identified by ICG 
lymphography were positive in all 3 patients. Hachey et al., 
used ICG:human serum albumin (ICG:HSA) in 4 patients 
and saw a trend towards better visualization of lymph 
nodes with NIR. More work needs to be done in this area 
to determine if a more limited lymph node dissection will 
have equivalent oncological outcomes. A limitation of ICG 
lymphography is that it doesn’t stay within lymph nodes 
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Table 1 Summary of the current studies on ICG use during esophageal surgery 

Authors Year # of 
patients

ICG dose and route Measure Outcome

Van Daele et al. 2019, 
Systematic 
Review

1,186 2.5–25 mg IV Perfusion of gastric conduit Well perfused anastomosis 6.3% 
rate of leak (37/592); change 
of surgical plan based on ICG 
=6.5% (6/93); poor perfused 
anastomosis 47.8% leak (32/67)

Ladak et al. 2019, 
Systematic 
Review

697 2.5–25 mg IV Perfusion of conduit 69% ARR leak if intervention 
based on ICG angiography 
(89/436 vs. 15/261)

Wiesel et al. 2020 4 12.5 mg IV Perfusion of colon to decide 
which segment of colon 
best for conduit

Assess perfusion prior to 
dissection and after dissection of 
the colon conduit

Ishige et al. 2019 20 1.25 mg IV Time-fluorescence intensity 
curves of region of interest 
in gastric conduit

Time to maximum intensity was 
60±35 seconds and fluorescence 
intensity was 49±26; no 
anastomotic leaks

Noma et al. 2018 71 12.5 mg IV Perfusion of gastric conduit. 
Well-perfused took <30 
seconds

6/71 (8.7%) leaks compared 
to historical matched controls 
without ICG showed 60/285 
(21%)

Kumagai et al. 2018 70 12.5 mg IV Time for perfusion of gastric 
tube

1/70 (1.4%) leak rate. 18/70 time 
>90 seconds, area excised. 1/3 
leak rate when perfusion 60–90 
seconds

Schlottmann et al. 2017 9 2.5 mg endoscopically 
submucosal

Lymphatic drainage of 
peritumoral esophagus

3/9 had positive nodes and first 
station of LN identified by ICG 
lymphography were positive in all 
3 patients

Hachey et al. 2016 10 2.5 mg ICG diluted 
in water or in 25% 
human serum albumin 
endoscopically 
submucosal

Lymphatic drainage of 
peritumoral esophagus

ICG:HSA identified regional lymph 
nodes in 4/4 vs. 2/5 for ICG alone

Kim et al. 2016 5 pig 
models

ICG:MSA 
endoscopically 
submucosal

Sentinel lymph node 
drainage of mid esophagus

Sentinel lymph node identified in 
15 minutes and sustained for 4 
hours

Kaburagi et al. 2013 1 2 mL of 0.5% ICG into 
small bowel mesentery

Lymphography to define 
cysterna chyli and chyle 
leak

Unable to visualize leak, but 
confirmed ligation of thoracic 
duct and cysterna chyli

Sugimura et al. 2019 20 12.5 mg IV Tracheal blood flow 0/20 patients developed tracheal 
necrosis or pneumonia

ICG, indocyanine green.



Chandler et al. Fluorescence-guided surgery of the esophagus

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(10):908 | http://dx.doi.org/10.21037/atm.2020.03.138

Page 4 of 5

for a long time and rapidly spreads to higher order lymph 
nodes. In order to improve fluorescence-guided sentinel 
lymph node biopsy, Kim et al., used a novel macrophage-
targeting ICG bound to neomannosyl human serum 
albumin (ICG:MSA) in an animal model. The ICG:MSA 
compound is injected endoscopically into esophageal tissue. 
This targeted molecule did seem to improve sentinel lymph 
node identification in a porcine model (9).

ICG use in setting of post esophagectomy 
chylothorax

Kaburagi et al. report using ICG fluorescence imaging to 
guide treatment of chylothorax after esophagectomy. Two 
mL of 0.5% ICG was injected into small bowel mesentery 
to identify the thoracic duct and confirm transabdominal 
ligation (10).

ICG use for tracheal blood flow assessment

Sugimura et al.  used ICG angiography to evaluate 
tracheal blood flow during esophagectomy. The authors 
hypothesized that extensive lymph node dissection 
and l igat ion of  the bronchial  artery may lead to 
tracheobronchial ischemia and increased risk of pulmonary 
complications. This small exploratory study showed 
feasibility, but was too low power to detect prediction of 
pulmonary complications (11).

Conclusions

ICG NIR imaging in esophageal surgery is becoming 
recognized as an important tool in the esophageal 
surgeons’ armamentarium. While early data supports 
its use in assessing the perfusion of the reconstructive 
anastomosis, larger randomized controlled trials are 
warranted to determine if ICG angiography can reduce 
the risk of anastomotic leak. Additional factors relating to 
the standardization and optimization of this technique also 
remain to be defined.  

A number of novel applications of this technology 
including NIR lymphography, assessment of tracheal 
perfusion and identification of the thoracic duct, show 
promise. Overall, the use of NIR imaging in esophageal 
surgery may be a useful adjunct to current techniques, but it 

has not yet reached standard practice. 
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