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Introduction

Upper urinary tract reconstructions (UUTRs) are usually 

complicated because of poor tissue planes, fibrosis, and 

anatomical abnormalities, which may be exacerbated 
by any previously attempted reparation. Key steps for 
successful UUTRs include resection of the obstructing 
and/or scarred segment, conservation of the healthy ureter, 
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and establishment of a tension-free, water-tight, and well-
vascularized anastomosis (1).

For UUTRs, minimally invasive treatment has been 
increasingly considered as an alternative to open surgery. A 
particularly critical issue in minimally invasive UUTRs is 
that unnecessary tissue manipulation or accidental trauma 
may cause ischemia and may compromise ureteropelvic or 
ureteral reparation. There is a lack of tactile feedback with 
laparoscopic instruments, although this may be offset by 
improvements in instrument dexterity and visualization (2). 

Therefore, a technique that improves the ability of 
visual identification of the ureter and distinguishment of 
diseased tissues from a healthy ureter is very much needed. 
Indocyanine green (ICG) is a fluorescent dye; when it is 
activated by near infrared fluorescence (NIRF) light, it 
can visualize the desired anatomical structure in real time. 
As a real-time contrast agent, ICG is very suitable for 
intraoperative use because of its tissue penetrating ability, 
high signal-to-noise ratio, and excellent safety (3). ICG is 
established in dermatology, ophthalmology and vascular 
recognition in cardiology (4). It has been reported in urology 
literature that usage of ICG is helpful for sentinel lymph 
node dissection in radical prostatectomy; to distinguish 
between normal renal parenchyma and tumor and selective 
renal clamping in partial nephrectomy; and ICG in 
partial adrenalectomy to strengthen intraoperative tumor 
localization (5). And ICG has been utilized in UUTRs to 
assist in structural identification, perfusion assessment, and 
delineation of the margins as a real-time contrast agent. In 
the application of ICG in UUTRs, most of the articles are 
descriptive analysis to highlight the advantages of ICG (6). 
To date, there has been no comparative research on the use 
of this technology for laparoscopic UUTRs. 

In this study, we compared the perioperative and follow-
up outcomes between the ICG group and the non-ICG 
group in patients with lesions of the upper urinary tract 
(UUT), and we demonstrated that ICG may facilitate 
improved identification of the ureter, assessment of tissue 
vascularity, and excision of non-viable segments of the 
UUT. We present the following article in accordance with 
the STROBE reporting checklist (available at: http://dx.doi.
org/10.21037/tau-20-1261).

Methods
 

Patients and preoperative evaluation

We conducted a retrospective review of 36 patients (40 

ureters) who underwent minimally invasive UUTRs for 
various ureteral lesions between April 2019 and March 2020, 
after obtaining Institutional Review Board approval. The 
inclusion criterion was ureteral strictures with worsening of 
the renal pelvic and ureter dilation, progressive decreasing 
of the differential renal function <40%. Patients were 
excluded from the analysis if perioperative or postoperative 
data were missing. According to the stricture site, length 
of stricture, affected side and condition of repair materials, 
different reconstructive techniques under the guidance of 
our management tactics were chosen. Among them, 18 
patients agreed to use off-labeled intraureteral ICG after 
complete disclosure. All surgeries were performed by two 
experienced surgeons at our institution in the same period. 
After grouping the cohorts according to the procedures 
performed, the demographics, perioperative variables, 
postoperative complications and follow-up data of the 
patients were recorded and analyzed between the ICG and 
non-ICG groups. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
approved by the Institutional Ethics Committee of Peking 
University First Hospital (2019-134) and individual consent 
for this retrospective analysis was waived. Obstruction of the 
ureter was evaluated by CT urography (CTU), retrograde/
antegrade ureteropyelography, ureteroscopy, cystography, 
and/or a nuclear renal scan. All patients opted for UUTRs 
after discussion on all available treatment strategies.

ICG preparation and administration

ICG was prepared by dissolving 25 mg sterile ICG 
(Dandong Yichuang Pharmaceutical Co., Ltd., Liaoning, 
China) in 10 mL distilled water. The 5F ureteral catheter 
was inserted into the diseased ureter and the stricture was 
located by retrograde pyelography. Then 10 mL of ICG was 
injected into the lumen in a retrograde manner through the 
ureteral catheter, which was placed higher or lower than the 
level of stenosis. In 14 patients with nephrostomy, 10 mL  
of ICG was injected in an antegrade manner into the 
lumen. Then we clamped the nephrostomy tube and/or 
ureteral catheter immediately after injection to maximize 
the retention of the ICG in the ureter. Ureteral catheters 
were secured to the 16 French Foley catheters.

UUTRs using NIRF imaging

With the Storz laparoscopic system (Storz GmbH, 
Tuttlingen, Germany), the fluorescent tracer was detected as a 
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purple color using the NIRF modality, which provides a system 
for collecting both fluorescent light and white light in the 
visible light emission range. We used ICG with NIRF imaging 
in all laparoscopic UUTR procedures to help in objective 
assessment of ureteral identification and tissue perfusion during 
dissection. UUTR techniques were used as we previously 
reported included ileal ureter replacement (7), standardized 
dismembered pyeloplasty (8), ureteral reimplantation (9), 
lingual mucosal onlay graft, and appendiceal onlay flap 
ureteroplasty, ureterolysis, and ureteroureterostomy (10). The 
principle of UUTRs includes a tension-free, watertight, well-
perfused anastomosis (11,12).

The feature of NIRF light modality can be toggled on 
and off by simultaneous activation of the finger clutch and 
the camera foot pedal. Under NIRF, the ureter injected 
with ICG emits purple fluorescence, which can facilitate 
improved assessment of the ureter (Figure 1). Ureter 
dissection was performed in the diseased segment along 
the circumference of the affected area. Attention was paid 
to avoid direct grasping or manipulation of the ureter 
to prevent interruption of its fragile blood supply. After 
ureteral dissection was completed, the NIRF technology 

was used to accurately locate the site of stenosis. The edge 
of the ureteral stricture was recognized as a healthy ureter 
emitting purple fluorescence, while the diseased ureter and 
inanimate tissue remained unfluoresced or poorly fluoresced 
(Figure 2). The diseased ureteral segment was then carefully 
removed using laparoscopic scissors.

Perioperative evaluation and analysis

We calculated the intraoperative time to identification 
of the ureter (TIU) and the time to define the stricture 
(TDS), TIU was defined as the time from the entry of 
endoscopic instruments into the operative field to the 
identification of ureter and TDS was defined as the time 
from the entry of endoscopic instruments into the operative 
field to the definition of stricture. The estimated blood loss 
(EBL) and length of postoperative hospital stay (LPHS) 
were also calculated. Stents were removed at an average 
time of 8 weeks postoperatively. UUTRs were assessed 
postoperatively for radiological success (a patent ureter 
and alleviation of hydronephrosis) and clinical success 
(absence of symptoms, such as relief of recurrent flank 

A

C

B

D

Figure 1 Intraoperative assessment of ureter. (A) Ureteral identification in the white-light view during right ileal ureter replacement; (B) 
ureteral identification under near-infrared fluorescence (NIRF) during right ileal ureter replacement; (C) ureteral identification in the white-
light view during right ureterolysis; (D) ureteral identification under near-infrared fluorescence (NIRF) during right ureterolysis.
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pain and absence of recurrent urinary tract infection). 
Functional cine magnetic resonance urography (MRU) was 
performed at 3 months postoperatively (13). Patients were 
generally arranged for follow-up every 3 months, and it 
included the following: clinical assessment, renal function 
(estimated glomerular filtration rate and creatinine), and 
renal ultrasonography. Perioperative complications were 
categorized according to the Clavien-Dindo classification 
system (14). 

Statistical analysis

The data were compared by the nonparametric 2-sample 
median test. Analyses were performed using SAS software 
(SAS Institute, Cary, NC, USA). Nominal variables were 
analyzed by Fisher’s exact test or Pearson’s chi-squared test, 
and continuous variables were analyzed by paired t-test. A 
P<0.05 was considered statistically significant.

Results

Of the 36 patients, 18 patients (20 ureters) received ICG 

and 18 patients (20 ureters) did not receive it. Baseline 
characteristics are shown in Table 1. 

According to the location and length of ureteral stenosis, 
we chose different UUTR methods. In the ICG group, 
18 patients (20 ureters) were included; 3/20 (15.0%), 2/20 
(10.0%), 9/20 (45.0%), and 2/20 (10.0%) ureters were 
subjected to pyeloplasty, ureterovesical reimplantation, 
ileal ureter replacement, and lingual mucosal onlay graft 
or appendiceal onlay flap ureteroplasty, respectively. In the 
non-ICG group, 18 patients (20 ureters) were included; 
8/20 (40.0%), 2/20 (10.0%), 8/20 (40.0%), and 1/20 
(5.0%) ureters were subjected to pyeloplasty, ureterovesical 
reimplantation, ileal ureter replacement, and lingual 
mucosal onlay graft or appendiceal onlay flap ureteroplasty, 
respectively. There was no statistically significant difference 
in age, sex, body mass index (BMI), and location and cause 
of stenosis between the two groups of patients.

Perioperative outcomes and follow-up data are shown 
in Table 2. There were no intraoperative or postoperative 
complications caused by intraureteral administration of ICG, 
such as anaphylactic shock and cardiorespiratory arrest (15). 
The intraoperative TIU in the ICG group was shorter than 
that in the non-ICG group (mean 20.9 vs. 30.0 min, P=0.03). 
Similar results were observed for the comparison of LPHS 
(mean 11.1 vs. 16.6 days, P=0.017). However, the TDS and 
EBL in the ICG group were lower than those in the ICG 
group, but there was no statistically significant difference 
between these groups (mean time 43.0 vs. 55.4 min, P=0.14; 
mean EBL 88.3 vs. 91.7 min, P=0.22), respectively.

The mean follow-up period was 9.8 months in the ICG 
group and 12.2 months in the non-ICG group. During 
the follow-up period, the procedures for all patients were 
considered to be clinically and radiologically successful. In the 
non-ICG group, postoperative complications occurred in 4 
cases (4/18), including 1 case of incomplete ileus with urinary 
tract infection, 1 case of incomplete ileus with wound infection, 
and 2 case of incomplete ileus, all of which were Clavien Grade 
2–3. All 4 cases were cured by conservative therapy. Urinary 
tract infection (Clavien Grade 1–2), occurred in 3 patients 
of the ICG group after removal of ureteral stents who were 
postoperatively managed uneventfully with oral antibiotics.

Discussion

In the operation of UUTRs, quick and safe identification of 
the position of the ureter and stenosis, accurate removal of 
the ureteral stricture, preservation of viable ureter as much 
as possible to make allowance for a tension-free anastomosis 

A

B

Figure 2 Localization of a ureteral stricture and perfusion. (A) 
Localization of ureter stricture in white-light view; (B) localization 
of ureter stricture under NIRF, the nonviable ureter does not 
fluoresce (arrow), whereas the healthy ureter emits purple 
fluorescence.
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are the key points of the operation. 
Intraoperative visualization of the ureter embedded in 

the surrounding tissue is a challenge, especially in patients 
with secondary UUTRs or high obesity level. Iodine 
contrast media can be used for intravenous, retrograde or 
anterograde approaches combined with X-ray fluoroscopy 
which may expose patients and surgeons to ionizing 
radiation. Dyes such as methylene blue and indigo carmine 
can be used for retrograde or anterograde approaches, but 
it is hard to distinguish whether the ureter is embedded 
in the tissue and the contrast is poor (16). Under some 
circumstances, a ureteral stent in combination with an 
illuminated catheter or palpation (17) can be used for 
surgical guidance (18). However, illuminated catheters are 

expensive, and stenting may be difficult and may result in 
complications (19). In recent years, with the increase in 
robotic and laparoscopic surgery, these surgical principles are 
particularly difficult to achieve due to the absence of tactile 
feedback. In the presence of obliterated dissection planes, 
inflammation, and fibrosis, which are usually accompanied 
by pathological changes in the ureter, the performance 
of UUTRs in maintaining these principles seems more 
challenging. Thus, a technique that enhances the ability to 
recognize the ureter and visually differentiate healthy ureters 
from diseased tissues is the most important (20).

The most extensively studied fluorescent tracer to date is 
ICG, which can be used as part of a NIRF imaging system, 
allowing surgeons to switch between fluorescence enhanced 

Table 1 Baseline characteristics of UUTRs

Variables Group ICG (N=18) Group non-ICG (N=18) P value

Mean age, years 38.6±11.5 34.1±14.7 0.32

Mean BMI, kg/m2 23.0±3.4 23.0±2.9 0.38

Gender, n (%) 0.5

Male 9 (50.0) 11 (61.1)

Female 9 (50.0) 8 (38.9)

Lesion side, n (%)

Left 7 (38.9) 8 (44.4) 0.5

Right 9 (50.0) 8 (44.4) 0.5

Bilateral 2 (11.1) 2 (11.1) 0.5

Cause of stenosis, n (%) 0.43

Congenital 3 (16.7) 5 (27.8)

Endoscopic surgery 7 (38.9) 2 (11.1)

Radiation 2 (11.1) 1 (5.6)

Inflammation 1 (5.6) 2 (11.1)

Surgery 4 (22.2) 7 (38.9)

Trauma 1 (11.1) 1 (11.1)

Location of stenosis, n (%) 0.27

UPJO 4 (20.0) 8 (40.0)

Upper 9 (45.0) 3 (27.5)

Lower 2 (10.0) 2 (10.0)

Multiple 5 (25.0) 7 (35.0)

Length of stenosis, cm 5.0±4.1 5.6±5.2 0.13

UUTRs, upper urinary tract reconstructions; ICG, indocyanine green; BMI, body mass index; UPJO, ureteropelvic junction obstruction.
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views and standard white light in real time (21). ICG also has 
the ability to penetrate the tissue, and it has a high signal-
to-noise ratio and an excellent safety profile; thus, it is very 
suitable as a real-time contrast agent during surgery (3). 
With the emergence of NIRF in the last 5–6 years, ICG 
has achieved wide applicability in many fields of surgery: its 
clinical application has been reported in sentinel lymph node 
biopsy (SLNB) for stomach cancer, melanoma, breast cancer, 
and other cancers, in intraoperative tumor imaging, and in 
intraoperative microvascular free flap angiography during 
reconstructive surgery (22-25). It has been reported in the 
urological literature that ICG is helpful in distinguishing 
the tumor from normal renal parenchyma (26) and in 
selective renal clamping (27), in guiding sentinel lymph 
node dissection during radical prostatectomy (28), and in 
improving tumor localization in partial adrenalectomy (29).

In the past decade, ICG has been utilized as a real-
time contrast agent in UUTRs to assist in structural 
identification, perfusion assessment of ureteral strictures, 
and delineation of the anastomotic stricture margins (30). 
Lee et al. reported that intraurethral injection of ICG 
during ureteroureterostomy can locate the ureteral stricture 
and they found that it can be used for ureteral repair (20). In 
2014, Sam et al. reported the whole process of intraurethral 
injection of ICG to identify the ureter to prevent injury 
in gynecological cases. There were no intraoperative or 
postoperative adverse reactions that could be attributed to 
ICG (31). In 2015, Lee et al. described 26 cases of robotic-

assisted ureter reconstruction, including pyeloplasty, 
ureteroureterostomy, ureterolysis, and ureteroneocystostomy. 
At a mean overall follow-up of 12 months, there were no 
perioperative complications of the novel intraureteral use of 
ICG (32).

ICG was initially administered intravenously in ureteral 
surgery to assess ureteral viability and perfusion. In 2013, 
Bjurlin et al. reported 43 cases of UUTRs by use of 
intravenous ICG for evaluating the blood supply of the 
tissues at both ends of the anastomosis, and they found 
that the fluorescence of the blood flow was poor, the color 
was dark; otherwise, the fluorescent color was bright (27). 
However, one of the restrictions of intravenous ICG 
administration is that ICG is not limited to the ureter, 
causing background fluorescence, which prompted the 
other scientists to try a novel, off-label intraureteral ICG 
application. The mechanism of distinguishing the activity 
of the ureteral mucosa by intra-ureteral injection of ICG is 
not clear. It is possible that the active ureteral mucosal cells 
have higher protein content and are more likely to bind 
with ICG; thus, they can be better visualized (30).

However, most of these studies are reports of clinical 
application, and there is a lack of comparative studies on 
the application of ICG in UUTRs. This study collected 
data from patients who underwent UUTRs; there were 
18 patients in the ICG group and 18 patients in the non-
ICG group. There was no statistical difference in the 
baseline characteristics. However, ICG technology showed 

Table 2 Perioperative results of UUTRs

Variables Group ICG (N=18) Group non-ICG (N=18) P value

Reconstruction techniques, n (%) –

Pyeloplasty 3 (15.0) 8 (40.0)

Ileal ureter replacement 9 (45.0) 8 (40.0)

Lingual mucosal onlay graft or appendiceal onlay flap ureteroplasty 4 (20.0) 1 (5.0)

Ureterovesical reimplantation 2 (10.0) 2 (10.0)

Ureteroureterostomy 2 (10.0) 1 (5.0)

Mean time of ureter identification, min 20.9±11.7 30.0±14.6 0.03

Mean time of stricture definition, min 43.0±27.9 55.4±18.6 0.14

Mean estimated blood loss, mL 88.3±75.4 91.7±46.2 0.22

Mean post-operation hospital stay, day 11.1±3.0 16.6±10.0 0.03

Median follow-up period, months 3.8±1.4 6.2±2.4 –

Postoperative complications, n (%) 3 (16.7) 4 (22.2) 0.5

UUTRs, upper urinary tract reconstructions; ICG, indocyanine green.
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obvious advantages in terms of locating the ureter and 
recovery after the operation. The mean time of locating 
the stricture and EBL were lower in the ICG group than 
in the non-ICG group; however, there was no statistically 
significant difference between the two groups. This showed 
that intraureteral injection of ICG with visualization 
under NIRF can help the surgeon to locate the ureter, 
identify the site of ureteral stenosis, determine the length 
of the stricture as soon as possible, and avoid injury to the 
surrounding tissues and organs; thus, it can reduce the 
intraoperative complications. It is also beneficial for rapid 
recovery of patients. 

We used a quantitative method to investigate the 
effectiveness of ICG in surgical navigation during UUTRs 
for the first time. The ureter identification in the ICG 
group took less of the time than that in the non-ICG group 
(P=0.011). Although the identification of ureter and stricture 
is only a small part of the whole procedure, it may be the 
most challenging step in UUTRs, which will affect the 
outcome of surgery. And we found ICG navigation indeed 
promote the critical procedure especially in complicated 
situations and messy anatomical structures: to identify the 
ureter and stricture. And then, the following procedure of 
cutting and anastomosis steps can be regarded as routine. 
On the one hand, it can help the operator to continuously 
switch from conventional light to near infrared fluorescence 
during resection to determine ureteric vascularity and the 
extent of ureteral excision, so as to resect the tissues with 
poor blood supply to ensure adequate blood supply at both 
ends of the anastomosis. Further, it can also preserve more 
blood supply to the tissue to ensure tension-free anastomosis. 
At a follow-up of approximately 1 year, there were no cases 
of ureteral stricture in both the groups. Previously published 
studies suggest that, the use of ICG fluorescence may 
decrease the incidence of ureteral anastomotic strictures. 
Thus, a larger sample size and longer follow-up time are 
needed to verify whether the use of indocyanine decreased 
the occurrence of anastomotic strictures.

Our study compared the perioperative and follow-up 
outcomes between the ICG group and the non-ICG group 
in patients with lesions of the UUT, in order to demonstrate 
the superiority where ICG was utilized for assessing the 
ureter comparing it with a cohort where ICG was not used. 
Firstly, we used intraureteral ICG administration; unlike 
intravenous ICG use resulting in background fluorescence, 
only the urinary tract emitted fluorescence. Overall, it 
was easy to identify a clear anatomical path along the 
ureter. Our technique minimizes systemic ICG exposure 

compared with intravenous injection, which reduces the 
risk of anaphylactic reactions. Secondly, by integrating 
intraoperative NIFR imaging into the laparoscopic system, 
providing the technical advantages of minimally invasive 
surgery, surgeons can identify the anatomy of the pelvis and 
ureter in real time and perform the dissection meticulously. 

Although the technique facilitates UUTRs, there are 
several limitations to this study. Firstly, it is a retrospective 
study with a relatively small sample size and short 
postoperative follow-up time. Thus, there is an urgent need 
for well-designed randomized controlled trials to quantify 
the improvement in results after ICG procedures. Secondly, 
our technique involving the off-label use of ICG is limited 
to 18 UUTRs, and we did not observe any adverse effects. 
In order to evaluate the ultimate safety of intraluminal 
ureteral ICG injection, it is necessary to conduct further 
studies with a large number of samples and a long-term 
follow-up. In addition, it is not clear how intraluminal ICG 
helps to differentiate healthy ureters from diseased ureters. 
In order to clarify the exact mechanism, our institution 
is currently conducting a biomolecular and pathological 
research. Nevertheless, our technique is particularly helpful 
in the obliterated dissection planes, fibrotic encasement, 
and setting of inflammation. Therefore, it is necessary to 
further study and evaluate the application of this technique 
in urology, gynecology, and general surgery, which may be 
associated with the risk of accidental ureteral injury.

Conclusions

Intraureteral ICG injection and subsequent visualization 
under NIRF help to identify the ureter quickly and accurately 
and precisely locate the proximal and distal narrow edges of 
the ureter, thereby contributing to UUTRs. The technique is 
safe, easy to perform, and repeatable in UUTRs.
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