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Background: Iatrogenic ureteral injury is a rare but serious complication during laparoscopic abdominopelvic 
surgery. Preoperative ureteral stent placement can facilitate intraoperative identification of the ureters. 
However, even with ureteral stents, visualization of ureters during laparoscopic abdominopelvic surgery can 
be challenging due to their retroperitoneal location and, particularly during robot-assisted surgery, the lack 
of tactile feedback. Recently, the use of near-infrared (NIR) fluorescence imaging showed to be a good non-
invasive alternative for intraoperative ureter identification. The aim of this review is to provide an overview 
of current clinically available contrast agents for NIR fluorescence imaging of the ureters during laparoscopic 
surgery and also focuses on novel experimental dyes.
Methods: A systematic literature search was performed in the PubMed database. Data were extracted 
from eligible papers and reported based on the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA). Clinically relevant information focusing on the clinical use of NIR fluorescence imaging 
for ureter identification during laparoscopic surgery was reviewed. 
Results: The search identified a total of 149 articles. Of these, 9 articles met our eligibility criteria and 
formed the basis of this review. The feasibility of two current clinically available contrast agents, methylene 
blue (MB) and indocyanine green (ICG), and two experimental dyes, ZW800-1 and IS-001, were evaluated 
for NIR fluorescence imaging of the ureters during laparoscopic abdominopelvic surgery in human.
Conclusions: The current clinically available dyes, MB and ICG, are less applicable for NIR fluorescence 
imaging of the ureters during laparoscopic surgery. Based on their properties, MB is preferred over ICG 
but has its limitations. ZW800-1, on the other hand, is a promising fluorescent contrast agent for ureter 
visualization. In the future, larger clinical trials are needed to assess the benefit of intraoperative NIR 
fluorescence imaging on iatrogenic ureteral injury.
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Introduction

Iatrogenic ureteral injury during laparoscopic abdominopelvic 
surgery is rare, but consequences of such injury are serious 
and can lead to increased postoperative mortality, morbidity, 
hospital stay and health costs (1). During laparoscopic 
colorectal cancer surgery, the incidence of iatrogenic ureteral 
injury varies from 0.5% to 1% and increases up to 10% in 
advanced gynecologic oncologic procedures. When ureteral 
damage occurs, it should be explored intraoperatively to 
allow immediate repair to reduce long-term morbidity and 
to preserve renal function. Unfortunately, ureteral damage 
is often missed during surgery, which can result in several 
severe complications, such as urinomas, abscesses, fistulae 
and permanent renal compromise (2-4).

To reduce the risk of iatrogenic ureteral injury, double-J 
stents or even lighted ureteral stents can be placed into the 
ureter preoperatively. This way, the stents can be palpated 
or visualized during surgery (5). However, preoperative 
placement of ureteral stents is an invasive procedure that 
is associated with increased time of anesthesia and an 
increased risk of complications, such as ureteral perforation, 
urinary tract infection, postoperative hematuria or acute 
renal failure (6). In addition, during minimal invasive 
surgery there is a lack of tactile feedback which makes 
identifying the ureters a bit more challenging. Alternatives 
for intraoperative ureter visualization, such as near-infrared 
(NIR) fluorescence imaging, could therefore be beneficial. 

Recently, NIR fluorescence imaging has evolved rapidly 
and offers real-time visualization of specific structures 
or tissues, such as tumors, lymph nodes, blood vessels, 
nerves, biliary duct and ureters during surgery. One of 
the main advantages of NIR light (700–900 nm) is its 
capability to penetrate up to 10 millimeters deeper into 
tissue, when compared to visible light (7,8). Additionally, 
the NIR spectrum exhibits almost no autofluorescence 
and therefore, using NIR fluorescent contrast agents, high 
signal-to-background ratios (SBR) can be achieved, creating 
contrast between different tissue types (9). Various types 
of contrast agents have been evaluated (pre)clinically using 
NIR fluorescence imaging. Only two of these contrast 
agents, namely methylene blue (MB) and indocyanine green 
(ICG), are approved for clinical use by the Food and Drug 
Administration (FDA) and the European Medicines Agency 
(EMA). 

This review provides an overview of current clinically 
available contrast agents for NIR fluorescence imaging of 
the ureters during laparoscopic surgery and also focuses on 

experimental dyes that have been investigated in first-in-
human trials. We present the following article in accordance 
with the PRISMA reporting checklist (available at http://
dx.doi.org/10.21037/ls-20-111).

Methods

A PubMed search was performed to collect clinical trials 
using a fluorescent contrast agent for NIR fluorescence 
imaging of the ureters during laparoscopic surgery 
published before June 2020. The search was based on 
the following search items: (“ureter” or “ureteral”) and 
(“fluorescence” or “fluorescent” or “near-infrared” or 
“NIR” or “NIR fluorescence imaging” or “near-infrared 
fluorescence imaging”). To be included in the analysis, 
articles had to be written in English, available in full-text 
and presenting original data of NIR ureter visualization 
in humans. Case reports and (systematic) reviews were 
excluded from the analysis. After selection of relevant 
articles, based on the eligibility criteria as described above, 
clinically relevant information focusing on the clinical use of 
NIR fluorescence imaging for ureter identification during 
laparoscopic surgery was extracted from the articles for a 
review. This systematic review was reported in accordance 
with the guidelines from the Preferred Reporting Items 
for Systematic reviews and Meta-Analysis (PRISMA)  
group (10).

Results

The search identified 149 articles of which 132 articles 
were excluded based on title and abstract and another 8 
articles were excluded after full-text reading. A total of 9 
articles met our eligibility criteria and formed the basis of 
this review (Figure 1). An overview of the included articles is 
shown in Table 1.

MB

Four studies evaluated the use of MB as a contrast agent 
for NIR ureter visualization in humans (12-15). MB is 
considered a suitable compound as it is mainly cleared by 
the kidneys and therefore administered intravenously in 
doses ranging from 0.25–1.0 mg/kg (MB concentration  
10 mg/mL in most studies). The administration time varied 
from 40 minutes before introduction of the first trocar to 
15 minutes prior to the surgeon entering the lower pelvis 

http://dx.doi.org/10.21037/ls-20-111
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(12,13). Ureter fluorescence was commonly detected 10 
to 20 minutes after MB administration with the longest 
fluorescence signal lasting 2 hours and 5 minutes post 
injection (13-15). Verbeek et al. (14) showed that in all  
12 patients undergoing open surgery both ureters could be 
detected clearly 10 minutes after MB injection when imaged 
with the Mini-FLARE® imaging system (Figure 2). The 
highest signal-to-background ratio (SBR) was observed in 
patients who received 1.0 mg/kg MB. However, in patients 
who received 0.25 mg/kg MB, the SBR (mean SBR of 2.27) 
was amply sufficient for early identification of the ureters 
and would therefore be recommended as the optimal dose 
during open surgery. During laparoscopic abdominal 
surgery, in 50% to 95% of the patients, the ureters were 
detected when imaged with the Karl Storz, PINPOINT 
or an internally developed imaging system capable of 
fluorescence imaging at ±700 nm (12,13,15). The highest 
SBR (mean SBR ranging from 2.74 to 5.29) was obtained 
using a dose ranging from 0.75–1.0 mg/kg and therefore 

seems to be the optimal dose during minimal invasive 
surgery. No adverse events related to the use of MB were 
reported.

ICG 

ICG has a hepatic-exclusive clearance pattern and can 
therefore not be used as an intravenous contrast agent 
for NIR ureter visualization. However, it is possible to 
highlight the ureters by injecting ICG directly into the 
ureters. Three studies investigated the feasibility of this 
approach (16-18). Siddighi et al. (16) evaluated the method 
for ureter visualization during laparoscopic sacrocolpopexy, 
Lee et al. (17) evaluated the use during robot-assisted 
ureteroureterostomy, and Morozov et al. (18) evaluated the 
technique during open urethroplasty. In these studies, ICG 
was administered by injecting 10 mL of ICG (concentration 
2.5 mg/mL) through a 6-french catheter into the ureter 
during cystoscopy. In patients with a nephrostomy tube, 

Figure 1 A PRISMA flow-chart of the literature search strategy. PRISMA, Preferred Reporting Items for Systematic reviews and Meta-
Analyses; MB, methylene blue; ICG, indocyanine green.
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half of the ICG solution was injected anterograde through 
the nephrostomy tube. After administration, the urinary 
catheter was clamped to minimize drainage of ICG (16,17). 
All studies observed clear visualization of the ureters with 
NIR light. However, none of the studies specified the 
fluorescence intensity expressed in SBR nor the duration of 
fluorescence imaging. Adverse events, related to the use of 

ICG or catheter placement were not reported.

Experimental dyes

Recently, research focused on dyes with renal-exclusive 
clearance that can be injected intravenously for NIR ureter 
imaging. These experimental dyes include ZW800-1  

Table 1 Results of studies using clinically available- and experimental dyes for NIR fluorescence imaging of the ureter in human (11)

Dye Article
Surgical 

specialism
Surgical 

approach
a

Number of 
patients

Administration Dose
Ureter 

identification

Methylene 
blue

Al-Taher et al. (12) Colorectal Laparoscopic 9
b

Intravenous 0.125–1.0 mg/kg 6/9

Barnes et al. (13) Colorectal Both 40 Intravenous 0.25–1.0 mg/kg
c

64/69
d

Verbeek et al. (14) Abdominal Open 12 Intravenous 0.25–1.0 mg/kg 24/24

Yeung et al. (15) Colorectal Both 8 Intravenous 0.25–1.0 mg/kg 10/11

Indocyanine 
green

Siddighi et al. (16) Gynaecology Laparoscopic >10 UC
e

10 mL of 2.5 mg/mL All

Lee et al. (17) Urology Laparoscopic 7 UC /PNT
e

10 mL of 2.5 mg/mL All

Morozov et al. (18) Urology Open 1 Renal pelvis
e

4 mL of 2.5 mg/mL All

ZW800-1 de Valk et al. (19) Abdominal Laparoscopic 12 Intravenous 1.0–5.0 mg All

IS-001 Farnam et al. (20) Gynaecology Laparoscopic 24 Intravenous 10–40 mg 16/24
f

a
, surgical approach: open, laparoscopic or both. 

b
, a total of ten patients were included in this study. In one of these patients, 

conversion to an open procedure was performed before NIR fluorescence imaging of the ureter take place and was therefore excluded 
from the study. 

c
, 5 mg/mL methylene blue. All other studies used a concentration of 10 mg/mL methylene blue. 

d
, of all ureters, 59/63 

ureters were identified during laparoscopic surgery and 5/6 ureter were identified during an open procedure. 
e
, UC: retrograde injection 

of ICG through a ureteral catheter, PNT: antegrade injection of ICG though a percutaneous nephrostomy tube, renal pelvis: direct 
injection of ICG into the renal pelvis. 

f
, all ureters were visible 10 minutes after intravenous administration, but a difference in signal 

intensity was observed (ranging from weak up to strong). A strong signal intensity was only observed in 16 of the 24 patients. ICG, 
indocyanine green; NIR, near-infrared.

Figure 2 NIR ureter visualization during lower abdominal surgery. Ureter imaging 15 minutes after intravenous injection of 0.5 mg/kg MB 
using the Mini-FLARE® imaging system. (A) White light view, (B) NIR fluorescence imaging mode, (C) color-NIR overlay (white light view 
and NIR fluorescence mode were merged with the fluorescence signal in the color green). NIR, near-infrared; MB, methylene blue.
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and IS-001 which were investigated in first-in-human  
trails (19,20). 

ZW800-1
ZW800-1 is a self-shielding zwitterionic NIR fluorophore 
that exhibits lower non-specific binding and tissue uptake 
in vivo after intravenous administration, when compared to 
conventional NIR fluorophores, such as ICG (21). ZW800-1  
is characterized by its renal-exclusive clearance with 
elimination from the body into urine. de Valk et al. (19)  
was the first who evaluated the utility of ZW800-1 in 
visualizing and assessing ureter structure and function 
during laparoscopic abdominal surgery in human. During 
surgery, ZW800-1 was administered intravenously once the 
surgeon identified the location of the ureters under white 
light, either fully exposed or still covered by peritoneum 
and retroperitoneal fat. The administered doses were 1.0, 
2.5 or 5.0 mg ZW800-1, respectively. In all 12 patients, 
both ureters became fluorescent within 10 minutes 
after administration and could be imaged with various 
commercial imaging systems, including the Olympus®, 
the da Vinci® robot, and the FLARE® MIS system. High 
SBRs (2.3 and 2.7) were measured in de first hour after 
administration of 1.0 and 2.5 mg ZW800-1, respectively 
(Figure 3). In the second hour the signal intensity of 2.5 mg  
ZW800-1 was considerably stronger when compared to  
1.0 mg ZW800-1 (SBR of 2.1 vs. 1.4). In patients who 
received 5.0 mg ZW800-1, a significantly lower SBR 
was measured within the first hour after administration 
compared to 2.5 mg (1.6 vs. 2.7) and 1.0 mg ZW800-1 (1.6 
vs. 2.3). In these patients, background fluorescence was 
more pronounced in the surrounding tissue, organs (i.e., 
colon), and major blood vessels. Furthermore, this study 
showed that ZW800-1 allows real-time assessment of ureter 
structure and function as it also visualized ureter motility 
and patency due to ureter pulsations. No adverse events, 
related to ZW800-1, were reported and pharmacokinetic 
analysis showed the administered doses (ranging from 0.5–
5.0 mg) were safe and well tolerated.

IS-001
The utility of IS-001 for ureter visualization in humans 
has been investigated by Farnam et al. (20) In this study, 
NIR fluorescence imaging of the ureters was evaluated 
in 24 women during a robot-assisted minimally-invasive 
hysterectomy. Patients received an intravenous dose of 
10, 20 or 40 mg IS-001 before the robotic endoscope 
was inserted into the abdomen. After administration, 

fluorescence of the ureters was observed in all patients 
when imaged with the da Vinci® Surgical System Firefly® 
imaging system (Figure 4). The strongest signal was 
observed 10 minutes after patients received 40 mg IS-001 
and was therefore considered the optimal dose for ureter 
visualization. However, the signal intensity decreased rapidly 
over time. After 60 minutes post injection (or last possible 
time-point if the operating time was less than 60 minutes),  
a high fluorescent intensity was observed in only one of the 
eight patients who received 40 mg IS-001 and in none of 
the patients who received 10 or 20 mg IS-001. No adverse 
events, related to IS-001, were reported during the study. 
Moreover, pharmacokinetic analysis also showed that 
intravenous administration of IS-001 up to 40 mg was safe 
and well tolerated.

Discussion

Identifying the ureters during laparoscopic abdominopelvic 
surgery can be challenging due to their retroperitoneal 
location and lack of tactile feedback during minimal invasive 
surgery. One method to help visualize the ureters during 
surgery, is the use of ureteral stents which can be placed 
into the ureter preoperatively. However, this conventional 
technique is relatively invasive and is associated with 
high risk of complications (6). Intraoperative NIR 
fluorescence imaging provides a non-invasive alternative 
for safe intraoperative ureter detection. This systematic 
review provides an overview of current clinically available 
fluorescent contrast agents that enable NIR fluorescence 
imaging of the ureters during laparoscopic surgery and also 
focuses on novel experimental NIR dyes. 

MB and ICG are at present the only available fluorescent 
contrast agents approved for clinical use. Several studies 
have shown that MB is a safe and feasible contrast agent for 
ureter visualization, as it is mainly cleared by the kidneys. 
However, when MB is compared to the other investigated 
dyes in this review, it is not the most optimal agent for NIR 
ureter visualization. MB has a peak emission of 700 nm, 
which is known to cause higher tissue autofluorescence 
and reduced penetration capacity (12-14). ICG, on the 
other hand, has its limitations as well for the use in ureter 
visualization. This agent was approved in 1958 as a dye to 
determine cardiac output, hepatic blood flow and function, 
and ophthalmic angiography. ICG has a peak emission of 
820 nm and is therefore a well suited fluorescent contrast 
agent for NIR fluorescence imaging in general (17,22). 
Yet, for intraoperative ureter visualization, ICG is the least 
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applicable due to pharmacological properties. Because of 
its hepatic clearance it needs to be injected directly into 
the ureters to enable ureter visualization. Therefore, based 
on fluorescent properties and clearance pattern, MB is 
preferred over ICG for ureter visualization, but is still not 
optimal due to its previously described limitations. This 
creates a need for developing novel improved imaging 
agents with features such as renal-exclusive clearance, low 
background fluorescence from surrounding tissue, and long 
duration of visualization after low dose administration.

ZW800-1 and IS-001 are the first experimental dyes 
with a selectively renal clearance pattern, that have been 

investigated in humans. de Valk et al. (19) showed that 
ZW800-1 provides a large safety window in which a 
single low dose of ZW800-1 (1.0–2.5 mg) is sufficient for 
intraoperative ureter visualization and real-time assessment 
of ureter function, even with overlying tissue, permitting 
precise structural ureter delineation for a period of at least 
two hours after administration. Moreover, it works on most 
available commercial imaging systems (e.g., Olympus®, the 
da Vinci® robot, Stryker® and the FLARE® MIS system). 
In addition, Farnam et al. (20) investigated the use of IS-
001 and showed that the compound is apparently safe and 
observed the strongest fluorescent signal after an injection 

Figure 3 High fluorescence intensity with precise structural delineation of the ureters during laparoscopic abdominopelvic surgery. Ureter 
imaging 45 minutes after intravenous injection of ZW800-1. (A) Ureter fluorescence after administration of 1.0 mg ZW800-1 using the 
Olympus® imaging system, (B,C) ureter(s) fluorescence after administration of 2.5 mg ZW800-1 using the da Vinci® robot Firefly® imaging 
system (B) or the Olympus® imaging system (C). 

A B

C
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of the highest dose of 40 mg IS-001 when imaged with the 
da Vinci® Surgical System’s Firefly® setting. The duration of 
the signal strength was shorter compared to ZW800-1 with 
a decrease in signal intensity already noted at 30 minutes 
after injection of 40 mg IS-001. This suggests that ZW800-1  
has more favorable properties compared to IS-001.

Besides better ureter visualization, a major advantage 
of ZW800-1 is its endless conjugation possibilities to 

ligands or peptides to create tumor-targeted agents, 
enabling simultaneous ureter and tumor tissue detection, 
as was shown (pre)clinically (23,24). de Valk et al. (24) 
demonstrated the successful clinical application of such 
a novel fluorescent contrast agent, cRGD-ZW800-1, in 
patients. It was shown that tumor tissue was visible after an 
injection of the highest dose cRGD-ZW800-1 (0.05 mg/kg)  
and ureters could be visualized in all doses ranging from 

Figure 4 NIR fluorescence imaging of the ureters during robot-assisted hysterectomy. Ureter imaging 20 minutes after intravenous 
injection of 10, 20, or 40 mg IS-001. (A) White light images per dose, (B) Firefly® NIR fluorescence images per dose. IS-001 excitation and 
emission wavelength: 780 and 815 nm (20). NIR, near-infrared. 

A BWhite light Firefly®

10 mg

20 mg

40 mg
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0.005–0.05 mg/kg when administered 2 to 4 hours prior to 
surgery. 

Other experimental dyes have been investigated 
preclinically only (Table 2). These novel dyes have been 
described in a systematic review recently (11). Previous 
studies showed that intravenously administered IRDye-
CW800 and UreterGlow can be used to visualize ureters 
intraoperatively in rats and pigs. However, these fluorescent 
contrast agents are mainly cleared by the liver and will 
conceivably result in more background fluorescence  
(25-28). In addition, IRDye-800BK and IRDye-800NOS 
were developed as a sequel to IRDye-CW800. van den Bos 
et al. (29) showed a higher tumor-background-ratio (TBR) 
when using IRDye-800BK compared to IRDye-CW800 
(TBR of 2.14 versus 1.44), which is logical as IRDye-
800BK is mainly cleared by the kidneys. Currently, IRDye-
800BK is undergoing clinical translation in multiple studies 
(NCT03387410) and (NCT03106038). Two studies have 
evaluated the dye UL-766, which is an exclusive renally 
cleared dye like ZW800-1 and IS-001, for the fluorescence 
imaging of the ureters in rats and pigs (30,31). After 
intravenous administration, results showed a signal intensity, 
expressed as contrast-background-ratio (CBR), twice as high 

compared to IRDye-CW800. Based on its properties, UL-
766 appears to be a promising fluorescent contrast agent 
for ureter visualization. Furthermore, Portnoy et al. (35)  
described a liposomal formulation in which ICG is passively 
absorbed to liposomes. This formulation results in an 
increased renal ICG clearance, allowing visualization of 
the ureters. Two studies described fluorescence of the 
ureters in mice and pigs after intravenous injection (32,33). 
However, liposomal ICG is still partially excreted by 
the liver, resulting in relatively bright background from 
surrounding tissue. In addition, liposomal formulations are 
frequently associated with adverse events in humans (36,37). 
Finally, Dip et al. (34) demonstrated ureter visualization by 
injecting intravenous sodium fluorescein in rats. However, 
fluorescence of the ureters was observed in a 530 nm 
wavelength mode, which is in the visible light spectrum and 
could therefore interfere with the surgical field. 

This review describes the feasibility of current clinically 
available and novel contrast agents for NIR fluorescence 
imaging of the ureters during laparoscopic abdominopelvic 
surgery. The pertaining literature is still scarce as to date 
only nine papers are available with a limited number of 
included patients. Therefore no firm conclusions can 

Table 2 Results of preclinical studies that investigated the utility of experimental dyes for ureter visualization in animals. In addition, the 
pharmacokinetic properties (i.e., clearance pattern, excitation and emission) of the experimental dyes have been described (11) 

Dye Article
Number of 

animals
Dose  

(IV
a
, mg/kg)

Duration of 
visualization

Clearance
Excitation 

(nm)
Emission 

(nm)
Ongoing  

clinical trial

IRDye-
CW800

Korb et al. (25) 6 pigs 0.03–0.12 60 min
b

Liver and 
kidneys

774 789 Unknown

Tanaka et al. (26) 12 rats 0.0015–0.015 30 min
b

6 pigs 0.0075–0.015 30 min
b

Schols et al. (27) 2 pigs 0.007–0.086 120 min
b

UreterGlow Mahalingam et al. (28) 5 pigs 0.01 >2 hours Liver and 
kidneys

800 830 Unknown

IRDye-
800BK

van den Bos et al. (29) 3 pigs 0.15 3.5 hours Primarily 
kidneys

774 790 NCT03387410; 
NCT03106038

UL-766 Cha et al. (30) 8 rats .09 >60 min Kidneys ± 800 ± 800 Unknown

Lau et al. (31) 2 pigs 0.12 >4 hours

Liposomal 
ICG

Portnoy et al. (32) 25 mice 8 >120 min Liver and 
kidneys

780 800 Unknown

Friedman-Levi et al. 
(33)

>12 mice 8 –

2 pigs 1 >90 min

Sodium 
fluorescein

Dip et al. (34) 9 rats 7 <12 hours Liver and 
kidneys

465 530 Unknown

a
, IV: intravenous; 

b
, last time-point for measuring the fluorescence intensity of the ureters.



Laparoscopic Surgery, 2021 Page 9 of 11

© Laparoscopic Surgery. All rights reserved. Laparosc Surg 2021;5:4 | http://dx.doi.org/10.21037/ls-20-111

be drawn about the effect of intraoperative use of NIR 
fluorescence imaging of the ureters on the incidence of 
iatrogenic ureteral injury. Notwithstanding, it appears 
that from the currently approved contrast agents both 
have some merit with MB outperforming ICG. However, 
it is also clear that substantial improvement is possible 
and the most likely candidate appears to be ZW800-1. 
These improvements are highly needed as the application 
of robot-assisted surgery will increase because of the 
well documented advantages, such as greater precision, 
miniaturization of instruments, smaller incision, and 
enhanced vision, compared to laparoscopic surgery (38,39). 
The expansion of robot-assisted surgery in all surgical fields 
could be assisted by application of NIR fluorophores, which 
will obviously require larger patient studies.

In addition, the currently available camera systems 
(i.e., the Olympus®, the da Vinci® robot Firefly® and the 
FLARE® MIS system) are well developed for accurate NIR 
fluorescence imaging of the ureters during laparoscopic 
surgery as shown in this review.  Ongoing phase 3 
multicenter clinical trials, such as AVOID (Trial NL7502) 
and SGM-101 (NCT03659448), have been set up to 
improve the technique of NIR fluorescence imaging even 
more and evaluate the wide use during perfusion surgery 
and colorectal tumor detection. At this moment, one of 
the main hurdles is that not all hospitals have a camera 
system that enables NIR fluorescence imaging. Buying such 
camera systems is expensive, but on the other hand a one-
time purchase. For instance, since Firefly® imaging system 
is introduced in the da Vinci® robot, no addition costs other 
than purchasing the NIR fluorophore must be incurred 
to allow intraoperative NIR fluorescence imaging. The 
absolute price of these NIR fluorophores is determined 
by the companies themselves, but does not have to be that 
expensive. This will make intraoperative NIR fluorescence 
imaging an affordable support for visualization of specific 
structures, such as ureters, during minimal invasive surgery 
in the future.

Conclusions

The current clinically available dyes, MB and ICG, are 
not the most optimal contrast agents for NIR fluorescence 
imaging of the ureters during laparoscopic surgery, due 
to their sub-optimal fluorescent properties and clearance 
pattern. ZW800-1, on the other hand, has a renal-exclusive 
clearance and greater fluorescent properties making it 

an encouraging fluorescent contrast agent for ureter 
visualization. To assess the benefit of intraoperative use of 
NIR fluorescence imaging on the incidence of iatrogenic 
ureteral injury, larger clinical trials are needed.
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