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Abstract
Background Ureteric injury is reported to occur in 1–7.6% of colorectal surgeries. To reduce the incidence of ureteral injury, 
it is essential to identify the ureters. The use of near-infrared fluorescence (NIRF) imaging with intravenously administered 
dyes might be of added value for ureteral visualization during laparoscopy. The aim of this study is to assess the performance 
of three preclinical dyes;  IRDye® 800BK,  IRDye® 800NOS and  IRDye® 800CW, for near-infrared fluorescence laparoscopy 
of the ureter in pigs.
Methods In three female Dutch landrace pigs, the new dyes were evaluated. In each pig, 1 dye was tested using a 6-mg 
intravenous dose in a concentration of 1 mg/ml. Imaging was performed in fluorescence mode and white light mode with a 
laparoscopic imaging system. In order to further evaluate the dyes, an ex vivo imaging experiment was performed, in which 
8 decreasing concentrations per dye, diluted in PBS, were evaluated in a transparent test tube with NIRF mode at a distance 
of 1, 5 and 10 cm from the laparoscope.
Results All three dyes were effective in allowing the identification of the ureter with NIRF imaging. The ureter became 
fluorescent after 35, 45 and 10 min, respectively, for  IRDye® 800BK,  IRDye® 800NOS and  IRDye® 800CW with a maximum 
target-to-background ratio (TBR) of 2.14, 0.66 and 1.44, respectively. In the ex vivo imaging experiment, all three dyes 
produced a strong fluorescence signal at all concentrations and all distances evaluated.
Conclusions Intravenous administration of the preclinical dyes  IRDye® 800CW,  IRDye® 800 BK and  IRDye® 800NOS 
facilitated successful identification of the anatomical course of the ureter in living pig models. The highest measured TBR 
occurred with the use of  IRDye® 800BK. Ex vivo, a correlation was observed between the fluorescence intensities of the 
signal with the concentration of the dye and with the distance to the object.
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With a reported incidence rate of 1% up to 7.6%, the occur-
rence of ureteric injury is one of the feared complications 
in colorectal surgery [1–4]. Ureteric injury can result in 
pain, intra-abdominal sepsis, systemic infection, abscesses, 

urinoma, ureteral stricture, ureteric fistula, renal failure and 
loss of the ipsilateral renal unit [4–6].

Failure to identify the relevant anatomy seems to be the 
main factor leading to ureter damage [7]. To avoid ure-
teric injury, it is therefore essential to identify both ureters 
during surgery. However, this may be difficult and time-
consuming. Ureter stent placement is a technique which 
can be used in open surgery to help identify the ureters [4]. 
In laparoscopic surgery, however, in which tactile feedback 
is limited, this application is hardly useful. A technique 
improving the visualization of ureters in laparoscopic sur-
gery is therefore needed. The use of near-infrared fluores-
cence (NIRF) imaging might be able to meet this need. 
This technique is already used in hepatobiliary surgery 
to visualize the bile ducts [8] or the perfusion of the liver 
[9], and in colorectal surgery to assess the perfusion of 
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the bowel anastomosis [10–15]. A few studies have also 
been published on the use of NIRF imaging to identify 
the ureters.

The most commonly used fluorescent dye in laparo-
scopic surgery is indocyanine green (ICG). However, 
administering this dye intravenously does not facilitate 
the visualization of the ureters, as it is exclusively cleared 
by the liver, and therefore not excreted via the urine [16]. 
Alternatively, ICG might have potential for visualizing 
the ureters if administered through a ureter stent [17, 18]. 
Disadvantages of this technique include its invasiveness, 
the requirement of cystoscopy and possible complica-
tions such as urinary tract infections, hydronephrosis and 
hematuria [4]. This indicates that the use of ICG is a less 
than optimal option for the visualization of ureters during 
laparoscopy.

The above illustrates that there is a need for a potent fluo-
rescent dye that can be administered intravenously, is cleared 
by the kidneys and has no side effects. A previous study 
showed that the preclinical  IRDye® 800CW (LI-COR Inc., 
Lincoln, NE, USA) provided clear ureter visualization in a 
porcine model [19] and, as such, has the potential to be such 
a dye. As this dye is quite expensive for this application, 
the manufacturer of  IRDye® 800CW developed two new, 
less expensive dyes:  IRDye® 800BK and  IRDye® 800NOS. 
These dyes proved to be very promising in cystic duct and 
cystic artery visualization after intravenous administration 
[20]. They are both partially cleared by the liver and by the 
kidneys, which makes them eligible to be used in NIRF 
imaging of the ureters after intravenous administration.

The aim of this study is to assess the performance of 
 IRDye® 800BK,  IRDye® 800NOS and  IRDye® 800CW in 
visualizing the ureter in pigs during near-infrared fluores-
cence laparoscopy.

Materials and methods

This study was conducted at the central animal facilities 
of Maastricht University (Maastricht, The Netherlands). 
Animals were used in compliance with the regulations of 
the Dutch legislation concerning animal research, and the 
study was done according to a protocol that was approved by 
the local animal ethics committee. A pig model was chosen 
because of the similarities between pig anatomy and human 
anatomy and because of earlier successful application of 
NIRF imaging in pigs [19]. The experiments were done in 
three female Dutch landrace pigs (each weighing 40 kg).

Laparoscopic fluorescence imaging system

A laparoscopic fluorescence imaging system (Karl Storz 
GmbH &CO. KG, Tittlingen, Germany) with a xenon-
based light source was used. This system enables excita-
tion and detection of all three dyes used in this experiment: 
IRDye 800CW (ʎEX/EM = 775/796 nm),  IRDye® 800BK 
(ʎEX/EM = 774/790  nm) and  IRDye® 800NOS (ʎEX/
EM = 767/786 nm). All procedures were digitally recorded 
with the built-in recording equipment. The same NIRF 
imaging settings were used for all three dyes tested.

Characteristics and preparation of the dyes

IRDye® 800CW is a tetrasulphonated heptamethine indo-
cyanine dye. After intravenous injection, it is cleared by the 
kidneys and excreted into urine. It is also partially cleared by 
the liver and excreted into bile. It can therefore be used for 
both bile duct and ureter visualization. Its maximum absorp-
tion occurs at 775 nm and its maximum excitation emis-
sion at 796 nm. The molecular weight of  IRDye® 800CW 
is 1090.11 Da [21].

IRDye® 800BK and  IRDye® 800NOS are two newly 
developed dyes.  IRDye® 800BK is a hydrophilic dye with a 
maximum absorption of 774 nm and a maximum emission 
of 790 nm. Because of its hydrophilic nature, it is primarily 
cleared by the kidneys. This makes the dye especially useful 
for intraoperative ureter imaging. Nevertheless, some clear-
ance by the liver takes place.

IRDye® 800NOS is less hydrophilic and, as such, primar-
ily cleared by the liver. This theoretically makes it especially 
useful for visualization of the biliary system. However, this 
dye is also partially excreted by the kidneys and could there-
fore also facilitate the visualization of ureters. The maximum 
absorption occurs at 767 nm and its maximum emission at 
786 nm.

The dyes were prepared and used following instructions 
of the manufacturer.

Surgical technique and assessment guidelines

The surgical procedures were performed under general anes-
thesia, as has been previously described in an earlier study 
[20]. Surgical residents performed a laparoscopic partial 
excision of the bicornate uterus, mimicking a laparoscopic 
appendectomy. These procedures were strictly supervised 
by two expert endoscopic gastrointestinal surgeons (NB and 
LS). Each pig received one of the three dyes intravenously 
at a total dose of 6 mg (1 mg/ml).

Imaging was performed intermittently in fluorescence 
mode and white light mode. Intraoperatively, the first authors 
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(MA and JvdB) systematically documented whether the ure-
ters could be identified in fluorescence mode, by filling in 
a registration form. The attending surgeon was consulted 
to reach agreement on the identification of the ureters. A 
structure was defined as ‘identified’ if its localization was 
confirmed with certainty by the experienced surgeon.

Ex vivo NIRF imaging

In the ex vivo experiment, 8 decreasing dye concentra-
tions, diluted in PBS, were evaluated in NIRF mode, in a 
completely darkened room with the laparoscope held at 
a distance of 1, 5 and 10 cm, respectively. A transparent 
10 ml test tube was filled with 10 ml of each dye concen-
trations. The initial dilution consisted of 10 mg of the dye 
being diluted in 10 ml of PBS. From this basic concentra-
tion, decreasing dye concentrations were made. The evalu-
ated concentrations of dye/PBS were 1:1, 1:2, 1:4, 1:8, 1:16, 
1:32, 1:64 and 1:128.

Postoperative analysis of the fluorescence

For an objective assessment of the fluorescence illumina-
tion, OSIRIX Lite v9 imaging software (Pixmeo, Geneva, 
Switzerland) was used. Fluorescence was analyzed by deter-
mining the fluorescence intensity (FI) and the target-to-back-
ground ratio (TBR). By doing so, it could be objectified 
whether the target organ (the ureter) was more fluorescent 
compared to the surrounding tissues. The TBR is defined as 
the mean fluorescence intensity (FI in arbitrary units, A.U.) 
of three points of interest in the target (ureter), minus the 
mean fluorescence intensity of three points of interest in the 
background divided by the mean fluorescence intensity of 
three points of interest in the background. In formula: TBR 
= (FI of target − FI of background)/(FI background) [19, 20, 
22]. Areas with light scattering were avoided in these points 
of interest. The background FI in the ex vivo experiments 
was negligible due to the completely darkened room, and 
therefore, no TBR was calculated.

For the FI of the target, three centrally located regions of 
interest were chosen in the ureter. The mean fluorescence 
intensity of these three regions was the FI of target. When 
using this technique to establish the TBR, choosing a repro-
ducible background is important. Therefore, as background 

3 regions of interest 1 cm bilateral (2 right and 1 left) from 
the ureter were chosen in the in-vivo study. The mean scores 
of these three fluorescence intensities were used as the FI 
of background.

For the ex vivo study, the mean of three regions of inter-
est at the center of the test tube filled with dye dilution was 
chosen as a target.

Results

In all three experiments, it was possible to successfully iden-
tify the ureters with NIRF imaging. Results obtained during 
the operations are presented in the intraoperative registration 
form in Table 1. A representative screenshot in fluorescence 
mode was made of each of the three pigs.

The first witnessed identification of the ureters occurred 
within minutes after dye administration with all three dyes. 
The ureteral wall became fluorescent in NIRF mode together 
with the uterus, bowel and lymph nodes. No peristaltic 
movement of urine within the ureters could yet be seen. 
Therefore, we could not identify the course of the ureter 
with absolute certainty at this stage.

Thirty-five minutes after the administration of the  IRDye® 
800BK dye, peristaltic movement of the urine was clearly 
visible in NIRF mode due to the fluorescent dye excreted in 
the urine. The ureters remained fluorescent until the final 
assessment 3.5 h after dye administration. The highest meas-
ured TBR was 2.14 (Fig. 1a).

The first appearance of fluorescence of the ureters in the 
second pig  (IRDye® 800NOS) occurred 45 min after dye 
administration with clear peristaltic movement of urine 
within the ureters. The highest measured TBR was 0.66 
(Fig. 1b).

In the third pig, the first fluorescent imaging of the ure-
ters occurred 10 min after the  IRDye® 800CW dye was 
administered. Both ureters were clearly distinguishable from 
their surroundings. A second evaluation, 25 min after dye 
administration, showed a persistent clear delineation of the 
ureters in NIRF mode. The highest measured TBR was 1.44 
(Fig. 1c).

No complications or adverse reactions were observed in 
any of the experiments.

Table 1  Intraoperative 
registration form

Injected dye Visualization 
left ureter

Visualization 
right ureter

Time to first certain 
visualization of ureter

Highest 
measured 
TBR

1 IRDye® 800BK Yes Yes 35 min 2.14
2 IRDye® 800NOS Yes Yes 45 min 0.66
3 IRDye® 800CW Yes Yes 10 min 1.44
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Ex vivo NIRF imaging

With all three dyes, a strong fluorescence signal was 
achieved in all concentrations and at all distances evaluated. 
The results are depicted in Fig. 2a–c.

At 1 cm distance, all dyes in all concentrations showed 
comparable FI without clear fluctuations. At 5 cm distance, 
the FI of all dyes was lower in the highest concentrations. 
In these concentrations,  IRDye® 800CW showed the highest 
FI. This effect disappeared in the lower concentrations. At 
10 cm distance, also an inverse relation between concentra-
tion and FI was observed for all three dyes.  IRDye® 800CW 
and  IRDye® 800BK showed a higher FI in all concentrations 
when compared to  IRDye® 800NOS. All three dyes showed 
a decrease in FI when the laparoscope was held at a 10 cm 
distance, as compared to when it was held at 1 and 5 cm 
distance, respectively. The highest FIs were achieved at 1 cm 
distance for the higher concentrations and at a 5 cm distance 
for the lower concentrations.

Discussion

The most frequently used near-infrared fluorescent dye, 
indocyanine green, is exclusively cleared by the liver 
[20] and can therefore not be used for ureteral imaging 
after intravenous administration. Such imaging requires a 
dye that is excreted in urine or invasive techniques with a 

Fig. 1  Visualization of the ureter with the experimental dyes: a with 
 IRDye® 800BK with highest TBR (2.14), b with  IRDye® 800NOS 
with highest TBR (0.66), c with IRDye 800CW with highest TBR 
(1.44)
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Fig. 2  Fluorescence intensities (FI) for the three dyes for different 
dye concentrations with the laparoscope held at a 1 cm, b 5 cm and 
c 10 cm distance from the object. 1:1, 2:1, etc: dilutions of the initial 
dye concentration (see text)
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ureter catheter insertion through which the fluorescent dye 
can be introduced into its lumen [18, 23].

Verbeek et al. used methylene blue as a fluorescent 
dye for ureter visualization in open pelvic surgery in 12 
patients. In all 12 patients, the ureters could be clearly 
visualized [24]. Yueng et al. showed visualization of the 
ureters in 10 out of 11 included patients. The technique 
was considered useful in 4 of these 10 cases. A recent 
study by Barnes et al. showed promising results allow-
ing visualization of the ureter in a clinical study in which 
fluorescence imaging with methylene blue was of added 
value compared to white light in 14 of 69 ureters assessed 
[25]. However, in another study that used methylene blue 
as a fluorescent dye in laparoscopic colorectal surgery, 
this technique was not found to be superior to conven-
tional white light laparoscopy in any of the included cases 
[26]. Although no side effects are reported in these studies, 
a disadvantage of using methylene blue is that it comes 
with some potential side effects, such as a small risk of 
anaphylactic reaction [27] and the potential occurrence of 
vasoconstriction.

A promising near-infrared fluorescent dye that is 
cleared by the kidneys is  IRDye® 800CW [23]. However, 
this dye is expensive for this application. Newer pre-
clinical dyes which are cheaper to produce are  IRDye® 
800NOS and  IRDye® 800BK. The manufacturer estimates 
their cost to be in the range of commercially available 
ICG (personal communication). In the present study, the 
usefulness of three preclinical dyes for NIRF imaging of 
the ureters was explored.  IRDye® 800BK is especially 
developed for excretion via the urine, being hydrophilic 
in nature. It is therefore expected that this dye will equal or 
outperform the imaging capabilities that have previously 
been described for  IRDye® 800CW [20].

All three dyes enabled clear and satisfactory visualization 
of the anatomical course of both ureters, as can be seen in 
Fig. 1a–c. The highest maximum in-vivo FI and TBR was 
measured with the  IRDye® 800BK, and the lowest maximum 
FI and TBR was found with the  IRDye® 800NOS. This is in 
line with expectations, as the hydrophilic  IRDye® 800BK 
is mainly cleared by the kidneys, while  IRDye® 800NOS is 
less hydrophilic and only partially cleared by the kidneys. 
Nevertheless, all three dyes give clear visibility of the ure-
ters. The TBRs for  IRDye® 800CW were comparable with 
previous experiments [19].

In the ex vivo study, a clear fluorescence signal was 
achieved with all concentrations and at all the tested dis-
tances. The highest FIs were achieved when the laparoscope 
was held at 1 and 5 cm distance, whereas the lowest FI was 
achieved at a distance of 10 cm. This supports earlier stud-
ies which showed that the FI is negatively influenced by an 
increase in the distance of the laparoscope from the target 
[28].

Further studies evaluating more concentrations and dis-
tances may be helpful in identifying the ideal distance/con-
centration combination.

There were no adverse reactions as a result of the admin-
istration of the dyes. A transient decrease in  SpO2 oxygen 
saturation is known with the use of intravenous fluorescent 
dyes, temporarily resulting in falsely lower oxygen levels 
[29, 30]. An advantage of these new dyes over iodine con-
taining ICG is that these dyes can also be used in patients 
with a known hypersensitivity to iodine or iodine allergy. 
Due to the low number of pigs assessed, no conclusion may 
yet be drawn regarding the safety of the dyes.

Despite the promising results, the findings of this study 
have to be interpreted with caution. Since each dye was 
only tested in-vivo at one specific dosage and each dye was 
only tested in one pig, further experiments are needed to 
determine optimal dosing and timing of the dyes which are 
dependent on the pharmacokinetic properties of the dyes. 
Furthermore, testing in human subjects should be awaited 
in order to assess the clinical value of the dyes.

Conclusion

Intravenous administration of the preclinical dyes  IRDye® 
800CW,  IRDye® 800BK and  IRDye® 800NOS allowed for 
successful NIRF identification of the course of the ureters in 
a live pig model. The use of  IRDye® 800BK resulted in the 
highest contrast between ureter and background.

Ex vivo, a correlation of the signal was observed with the 
concentration of the dye and with the distance to the object.

Funding LI-COR Biosciences (Lincoln, NE, USA) provided the fluo-
rescent dye and the funding for the use of the central animal facilities 
of Maastricht University (Maastricht, The Netherlands). Karl Storz 
GmbH (Tuttlingen, Germany) provided the fluorescence equipment 
for this experiment.

Compliance with ethical standards 

Disclosures Jacqueline van den Bos, Mahdi Al-Taher, Nicole D. Bouvy 
and Laurents P.S. Stassen declare that they have no conflicts of interest 
or financial ties to disclose.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


991Surgical Endoscopy (2019) 33:986–991 

1 3

References

 1. Andersen P, Andersen LM, Iversen LH (2015) Iatrogenic ureteral 
injury in colorectal cancer surgery: a nationwide study comparing 
laparoscopic and open approaches. Surg Endosc 29(6):1406–1412

 2. Marcelissen TA, Den Hollander PP, Tuytten TR, Sosef MN 
(2016) Incidence of iatrogenic ureteral injury during open and 
laparoscopic colorectal surgery: a single center experience and 
review of the literature. Surg Laparosc Endosc Percutan Tech 
26(6):513–515

 3. Zafar SN, Ahaghotu CA, Libuit L, Ortega G, Coleman PW, Corn-
well III EE, et al (2014) Ureteral injury after laparoscopic versus 
open colectomy. JSLS 18(3)

 4. da Silva G, Boutros M, Wexner SD (2012) Role of prophylac-
tic ureteric stents in colorectal surgery. Asian J Endosc Surg 
5(3):105–110

 5. Abboudi H, Ahmed K, Royle J, Khan MS, Dasgupta P, N’Dow J 
(2013) Ureteric injury: a challenging condition to diagnose and 
manage. Nat Rev Urol 10(2):108–115

 6. Esparaz AM, Pearl JA, Herts BR, LeBlanc J, Kapoor B (2015) 
Iatrogenic urinary tract injuries: etiology, diagnosis, and manage-
ment. Semin Intervent Radiol 32(2):195–208

 7. Zhang X, Wang Z, Zhou H, Liang J, Zhou Z (2014) Analysis of 
ureteral injuries for laparoscopic rectal cancer surgery. J Lapar-
oendosc Adv Surg Tech A 24(10):698–701

 8. Osayi SN, Wendling MR, Drosdeck JM, Chaudhry UI, Perry KA, 
Noria SF et al (2015) Near-infrared fluorescent cholangiography 
facilitates identification of biliary anatomy during laparoscopic 
cholecystectomy. Surg Endosc 29(2):368–375

 9. Narasaki H, Noji T, Wada H, Ebihara Y, Tsuchikawa T, Oka-
mura K et al (2017) Intraoperative real-time assessment of liver 
function with near-infrared fluorescence imaging. Eur Surg Res 
58(5–6):235–245

 10. Boni L, Fingerhut A, Marzorati A, Rausei S, Dionigi G, Cassi-
notti E (2017) Indocyanine green fluorescence angiography dur-
ing laparoscopic low anterior resection: results of a case-matched 
study. Surg Endosc 31(4):1836–1840

 11. Jafari MD, Lee KH, Halabi WJ, Mills SD, Carmichael JC, Stamos 
MJ et al (2013) The use of indocyanine green fluorescence to 
assess anastomotic perfusion during robotic assisted laparoscopic 
rectal surgery. Surg Endosc 27(8):3003–3008

 12. Kin C, Vo H, Welton L, Welton M (2015) Equivocal effect of 
intraoperative fluorescence angiography on colorectal anastomotic 
leaks. Dis Colon Rectum 58(6):582–587

 13. Kudszus S, Roesel C, Schachtrupp A, Hoer JJ (2010) Intraop-
erative laser fluorescence angiography in colorectal surgery: a 
noninvasive analysis to reduce the rate of anastomotic leakage. 
Langenbecks Arch Surg 395(8):1025–1030

 14. Wada T, Kawada K, Takahashi R, Yoshitomi M, Hida K, 
Hasegawa S et al (2017) ICG fluorescence imaging for quanti-
tative evaluation of colonic perfusion in laparoscopic colorectal 
surgery. Surg Endosc 31(10):4184–4193

 15. Jafari MD, Wexner SD, Martz JE, McLemore EC, Margolin DA, 
Sherwinter DA et al (2015) Perfusion assessment in laparoscopic 
left-sided/anterior resection (PILLAR II): a multi-institutional 
study. J Am Coll Surg 220(1):82–92 e1

 16. Levesque E, Martin E, Dudau D, Lim C, Dhonneur G, Azoulay D 
(2016) Current use and perspective of indocyanine green clear-
ance in liver diseases. Anaesth Crit Care Pain Med 35(1):49–57

 17. Lee Z, Simhan J, Parker DC, Reilly C, Llukani E, Lee DI et al 
(2013) Novel use of indocyanine green for intraoperative, real-
time localization of ureteral stenosis during robot-assisted uret-
eroureterostomy. Urology 82(3):729–733

 18. Siddighi S, Yune JJ, Hardesty J (2014) Indocyanine green for 
intraoperative localization of ureter. Am J Obstet Gynecol 
211(4):436 e1–e2

 19. Schols RM, Lodewick TM, Bouvy ND, van Dam GM, Dejong 
CH, Stassen LP (2014) Application of a new dye for near-infrared 
fluorescence laparoscopy of the ureters: demonstration in a pig 
model. Dis Colon Rectum 57(3):407–411

 20. van den Bos J, Al-Taher M, Hsien SG, Bouvy ND, Stassen LPS 
(2017) Near-infrared fluorescence laparoscopy of the cystic duct 
and cystic artery: first experience with two new preclinical dyes 
in a pig model. Surg Endosc 31(10):4309–4314

 21. Leung K IRDye 800CW-Human serum albumin. Molecular imag-
ing and contrast agent database (MICAD). Bethesda (MD)2004

 22. Schols RM, Bouvy ND, van Dam RM, Masclee AA, Dejong 
CH, Stassen LP (2013) Combined vascular and biliary fluores-
cence imaging in laparoscopic cholecystectomy. Surg Endosc 
27(12):4511–4517

 23. Lee Z, Moore B, Giusto L, Eun DD (2015) Use of indocyanine 
green during robot-assisted ureteral reconstructions. Eur Urol 
67(2):291–298

 24. Verbeek FP, van der Vorst JR, Schaafsma BE, Swijnenburg RJ, 
Gaarenstroom KN, Elzevier HW et al (2013) Intraoperative near 
infrared fluorescence guided identification of the ureters using 
low dose methylene blue: a first in human experience. J Urol 
190(2):574–579

 25. Barnes TG, Hompes R, Birks J, Mortensen NJ, Jones O, Lindsey 
I et al (2018) Methylene blue fluorescence of the ureter during 
colorectal surgery. Surg Endosc 32(9):4036–4043

 26. Al-Taher M, van den Bos J, Schols RM, Bouvy ND, Stassen LP 
(2016) Fluorescence ureteral visualization in human laparoscopic 
colorectal surgery using methylene blue. J Laparoendosc Adv 
Surg Tech A 26(11):870–875

 27. Ginimuge PR, Jyothi SD (2010) Methylene blue: revisited. J 
Anaesthesiol Clin Pharmacol 26(4):517–520

 28. Kono Y, Ishizawa T, Tani K, Harada N, Kaneko J, Saiura A et al 
(2015) Techniques of fluorescence cholangiography during lapa-
roscopic cholecystectomy for better delineation of the bile duct 
anatomy. Medicine (Baltimore) 94(25):e1005

 29. Baek HY, Lee HJ, Kim JM, Cho SY, Jeong S, Yoo KY (2015) 
Effects of intravenously administered indocyanine green on near-
infrared cerebral oximetry and pulse oximetry readings. Korean J 
Anesthesiol 68(2):122–127

 30. Ediriwickrema LS, Francis JH, Arslan-Carlon V, Dalecki PH, Bro-
die SE, Marr BP et al (2015) Intravenous injection of indocyanine 
green results in an artificial transient desaturation by pulse oxime-
try. Retin Cases Brief Rep 9(3):252–255


	Near-infrared fluorescence laparoscopy of the ureter with three preclinical dyes in a pig model
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Laparoscopic fluorescence imaging system
	Characteristics and preparation of the dyes
	Surgical technique and assessment guidelines
	Ex vivo NIRF imaging
	Postoperative analysis of the fluorescence

	Results
	Ex vivo NIRF imaging

	Discussion
	Conclusion
	References


