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ABSTRACT 

Objective: Identification and preservation of the ureter is a technical challenge in colon and pelvic operations. 

Intraoperative fluorescence imaging (IFI) with Indocyanine green (ICG) facilitate can be used as an adjunct to facilitate 

recognition of the ureters during robotic-assisted surgery. We reviewed our experience using the IFI during robotic-assisted 

colon resections. 

Method: We retrospectively reviewed cases using IFI technology from October 2015 to March 2018. Urologic surgeons 

placed bilateral ureteric stents and instilled ICG preoperatively. A near-infrared laser and lens filter converted the ICG to a 

green color. At surgeon’s discretion, Firefly mode allowed visualization of the ureters. We assessed the success rate of 

ureter identification as well as the feasibility of this technology. 

Results: We identified 22 cases in which IFI with ICG was used. We observed a 100% success rate in identifying and 

preserving ureters. The majority of cases were sigmoid colostomies in the setting of complicated diverticulitis. No ureteric 

injuries were encountered.  

Conclusion: IFI with ICG enables quick and straightforward identification of the ureters during colon resections. This novel 

technique is easy to perform and effective in visualization of the ureters. This technology has the potential to decrease the 

rate of intra-operative ureteral injury in complicated colon resections. 

KEYWORDS 

 Indocyanine green; Firefly; Robotics; Colorectal; Ureteral injury 

1. INTRODUCTION 

Ureteral injury is a rare but very morbid complication in 

many colorectal and gynecological procedures with a 

reported rate of 0.3-1.0% [1,2]. Identification and 

preservation of the ureter is a technical challenge during 

colon and pelvic surgery. This challenge is significantly 

more apparent in pelvises that have been previously 

operated on or in areas that have substantial 
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inflammation. Studies examining ways to reduce or 

prevent ureteral injuries with the use of stents or lighted 

stents have had mixed results
 

[3-5]. The use of 

fluorescent dye has recently been included as an adjunct 

method to enable intraoperative identification and hence 

preservation of the ureter during robotic-assisted surgery. 

Thus far the use of these fluorescent dyes has been used 

on the ureters mostly for urological or gynecological 

procedures
 
[6, 7]. We found little data regarding its use 

for general or colorectal surgery procedures, specifically 

hemicolectomies and sigmoid colostomies. Our aim was 

to study the feasibility and utility of IFI using ICG during 

robotic-assisted colon resections. 

2. METHODS 

We reviewed completed cases in which our surgeon used 

IFI technology from October 2015 to March 2018. The 

decision to use IFI with ICG was made on clinical 

grounds by the operating surgeons. An urologist 

performed an on-table cystoscopy with the placement of 

bilateral ureteric stents and instillation of 5 cc of ICG to 

each ureteric orifice under direct vision. Each patient 

consented to the use of ICG, the cystoscopy, and the 

colon resection based on clinical indication. The stents 

were left in place during the procedure and removed at 

the end of the procedure.  

 

Figure 1: Intra-operative image of a sigmoid colectomy 

for complicated diverticulitis without Firefly. 

Surgeons used the da Vinci XI surgical system (Intuitive 

Surgical, Sunnyvale, CA USA). This system allows for 

the utilization of near-infrared laser that helps the ICG 

fluoresce as well as lens filtering, called the Firefly 

Fluorescence Endoscope system that converts the 

fluorescing ICG to a bright green color. Firefly mode is 

used as needed throughout the operation to visualize the 

ureters at the surgeon’s discretion by the flip of a switch 

on the surgeon console (Figure 1 and Figure 2). 

 

Figure 2: Same intra-operative image with Firefly mode 

demonstrates the left ureter. 

3. RESULTS 

We identified 22 cases in which IFI with ICG was used. 

We observed a 100 % success rate in identifying and 

preserving ureters. There were 16 (72.7%) sigmoid 

resections with most, 15 out of 22 cases (68.2%) in the 

setting of recurrent/complicated sigmoid diverticulitis. 

No ureteric injuries occurred in this series. The mean 

follow up is 30 days. There were no complications during 

the urologist’s portion of the procedure and no adverse 

reactions in any of our patient population to the ICG or 

late effects of the stenting. At our institution the cost of 

ICG is $66.00, and the cost of the urological supplies to 

perform the cystogram, stent placement and ICG 

instillation is $150.00 in total. 

4. DISCUSSION 

One drawback of robotic surgery is the loss of tactile 

feedback. In our experience, the use of IFI with ICG 

enables easy identification of the ureters during robotic 

assisted colon resections. Our early experience with this 
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alternative technique has shown that this is both easy to 

perform and effective in allowing visualization of the 

ureters. This is especially in difficult cases where the risk 

of ureteral injury can be high. The reported adverse event 

rate to ICG is very small, at less than 1 in 40,000 

patients; and mostly comprises hypersensitivity reactions 

[8]. This may be more likely to be a factor with 

intravenous use rather than direct instillation into the 

ureters but in any event it is a rare phenomenon. No side 

effects or renal complications occurred with the use of 

ICG in our patient population. Therefore, this technology 

has the potential to decrease the rate of intra-operative 

ureteral injury in both complicated colon resections and 

in pelvic gynecological procedures. Future comparative 

studies should be performed to better assess whether 

there is true reduction in ureteric injury identification and 

prevention.  
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