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Abstract
Purpose The aim of the present study is to investigate the impact of the near-infrared (NIRF) technology with indocyanine 
green (ICG) in robotic urologic surgery by performing a systematic literature review and to provide evidence-based expert 
recommendations on best practices in this field.
Methods All English language publications on NIRF/ICG-guided robotic urologic procedures were evaluated. We followed 
the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) statement to evaluate  PubMed®,  Scopus® 
and Web of Science™ databases (up to April 2019). Experts in the field provided detailed pictures and intraoperative video-
clips of different NIRF/ICG-guided robotic surgeries with recommendations for each procedure. A unique QRcode was 
generated and linked to each underlying video-clip. This new exclusive feature makes the present the first “dynamic paper” 
that merges text and figure description with their own video providing readers an innovative, immersive, high-quality and 
user-friendly experience.
Results Our electronic search identified a total of 576 papers. Of these, 36 studies included in the present systematic review 
reporting the use of NIRF/ICG in robotic partial nephrectomy (n = 13), robotic radical prostatectomy and lymphadenectomy 
(n = 7), robotic ureteral re-implantation and reconstruction (n = 5), robotic adrenalectomy (n = 4), robotic radical cystectomy 
(n = 3), penectomy and robotic inguinal lymphadenectomy (n = 2), robotic simple prostatectomy (n = 1), robotic kidney 
transplantation (n = 1) and robotic sacrocolpopexy (n = 1).
Conclusion NIRF/ICG technology has now emerged as a safe, feasible and useful tool that may facilitate urologic robotic 
surgery. It has been shown to improve the identification of key anatomical landmarks and pathological structures for onco-
logical and non-oncological procedures. Level of evidence is predominantly low. Larger series with longer follow-up are 
needed, especially in assessing the quality of the nodal dissection and the feasibility of the identification of sentinel nodes 
and the impact of these novel technologies on long-term oncological and functional outcomes.

Keywords ICG · Indocyanine green · NIRF · Near-infrared fluorescence · Firefly: robotic surgery · Urology · Robotic 
partial nephrectomy · Robotic adrenalectomy · Robotic radical prostatectomy · Lymphadenectomy · Robotic radical 
cystectomy

Introduction

Indocyanine green (ICG) is a water-soluble molecule which 
binds albumin and immediately allows visualization of both 
the vasculature and contours of anatomic structures. It has 
been approved for intravenous administration by FDA since 
1959 for a broad range of surgical indications including 
hepatic function and cardiac output assessment [1].

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s0034 5-019-02870 -z) contains 
supplementary material, which is available to authorized users.

 * Giovanni E. Cacciamani 
 giovanni.cacciamani@med.usc.edu

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00345-019-02870-z&domain=pdf
https://doi.org/10.1007/s00345-019-02870-z


884 World Journal of Urology (2020) 38:883–896

1 3

The use of near-infrared fluorescence (NIRF) technology 
with ICG has been explored in several surgical specialties 
[2]. It is able to provide an enhanced anatomical view of 
the surgical field with potentially improved perioperative 
surgical outcomes without compromising the oncological 
adequacy [3–7].

In complex surgical cases, the proper identification of 
key anatomic structures is mandatory to achieve successful 
outcomes. Since 2011 the potential uses of NIRF with ICG 
for robotic urologic surgery have been investigated [8, 9] 
and the fusion between 3D visualization with the integrated 
 Firefly® technology in the Da Vinci Surgical platform (Intui-
tive  Surgical®, Sunnyvale, CA, USA) was found to be a valu-
able instrument that delivers improved surgical guidance for 
oncological and non-oncological procedures [10].

The aim of the present study is to systematically investi-
gate the impact of the NIRF technology with ICG in robotic 

urologic surgery. As a complement to the present systematic 
review an expert consensus of world leaders in the use of 
ICG/NIRF in robotic urological surgeries was carried out to 
provide guidelines on best practices in this field.

Evidence acquisition

We performed a systematic review limited to articles in the 
English language, published until February 2019. A full 
update was performed on April 1st, 2019 (Fig. 1). A specific 
search on MEDLINE, Scopus, and Web of Science data-
bases included “((indocyanine green fluorescence) OR ICG) 
OR NIRF OR Near Infrared Fluoroscopy) AND (((Robotic 
surgery) OR Urology))”.

All studies reporting data of interest were collected. 
Animal studies, editorials, commentaries, meeting 

Fig. 1  PRISMA flowchart
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abstracts, reviews, book chapters, studies reporting exper-
imental studies on animals or cadavers were not included 
in the review. References were manually reviewed to iden-
tify additional studies of interest. Two authors (A.S. and 
A.T.) independently reviewed the literature using inclu-
sion and exclusion criteria. All disagreements about eligi-
bility were resolved by a discussion with a third reviewer 
(G.E.C) until a consensus was reached. This study was 
performed using guidelines set out by PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and meta-
analysis) statement [11]. All papers were distinguished 
according to the 2011 Oxford Centre for Evidence-based 
Medicine level of evidence for therapy studies [12]. All 
data retrieved from the systematically reviewed studies 
were recorded in an electronic database.

The composition of the consensus panel is made by 
expert researchers and clinicians who have published 
their experience in the use of NIRF/ICG in robotic uro-
logical procedures. The statements in Table 1 represent 
a “consensus on standard procedure” within the spe-
cific research groups on how NIRF/ICG can be used to 
enhance a given surgery.

In the present study, experts in the field provided 
detailed pictures and intraoperative video-clips of the 
NIRF/ICG-guided surgeries with recommendations for 
each procedure (Table 1). A unique QRcode was gener-
ated and linked to the underlying video-clip. This new 
exclusive feature makes the present the first “dynamic 
paper” that merges text and figure descriptions with 
their corresponding video, thus providing readers with 
an innovative, immersive, high-quality and user-friendly 
experience.

Evidence synthesis

Our electronic search identified a total of 576 papers in 
PubMed, Scopus, and Embase (Fig. 1). Of these, 243 pub-
lications were identified for detailed review, which yielded 
36 studies included in the present systematic review 
reporting the use of NIRF and ICG in urological robotic 
procedures including (Supplementary Table): 13 robotic 
partial nephrectomy (RPN) series [8, 13–28], 7 robotic 
radical prostatectomy (RRP) [29] and lymphadenectomy 
(LND) series [30–35], 5 robotic ureteral re-implantation 
and reconstruction series [27, 36–39], 4 robotic adrenal-
ectomy case series [40–43], 3 robotic radical cystectomy 
(RRC) series [44–46], 2 penectomy and robotic inguinal 
lymphadenectomy (RILND) series [47, 48], 1 robotic 
simple prostatectomy (RSP) series [49], 1 robotic kidney 
transplant (RAKT) series [50], and 1 localization of the 
ureter during robotic sacrocolpopexy series [37].

NIRF/ICG‑guided selective perfusion assessment 
and renal mass differential fluorescence 
during robotic partial nephrectomy (Fig. 2a–d)

A total of 13 papers reported the use of NIRF/ICG during 
RPN [8, 13–26]. Two main applications have been reported: 
perfusion assessment [13, 16, 18, 19, 22, 24–27] and dif-
ferential ICG uptake during renal mass resection [8, 13–15, 
17, 18, 28].

In 2011 Tobis et al. first investigated the utility NIRF/
ICG during 11 RPNs to identify the renal vasculature and 
to delineate cortical renal tumors from surrounding paren-
chyma. The median number of ICG injections was 3 (range 
0.75–7.5 mg ICG per injection). No positive margins were 
reported. At the end of each case the surgeon rated the ICG-
guided RPN; scoring the ability to differentiate the tumor 
from surrounding renal parenchyma (8/11) and the ability 
to characterize the renal vasculature (11/11) [8]. The same 
group confirmed their preliminary findings showing that the 
NIRF/ICG-guided minimally invasive PN may be useful to 
differentiate tumors from normal parenchyma [14]. Moreo-
ver, the author speculated that NIRF/ICG could discrimi-
nate between benign (isofluorescent or hyperfluorescent) and 
malignant (hypofluorescent) lesions.

Opposing findings were reported in this regard by Manny 
et al. A total of 100 RPN were reviewed. Their protocol 
consisted in a single ICG dose of 5–7.5 mg before vascu-
lar clamping. In determining malignant vs benign lesions, 
hypofluorescence had a positive predictive value of 87%, 
negative predictive value of 52%, sensitivity of 84%, and 
specificity of 57%. The authors concluded that ICG cannot 
predict malignancy in RPN [17].

Krane et al. compared white light RPN vs NIRF/ICG 
RPN in 94 patients with renal masses. The ICG dose used 
was 5–7.5 mg. The authors did not find a significant dif-
ference in term of positive surgical margins (8.5% vs 6%, 
respectively). The mean ischemia time was shorter in the 
NIRF/ICG group (17 min vs 15 min, p = 0.03); however, 
no differences in postoperative functional outcomes were 
noted [13].

Angell et  al. investigated the optimal ICG dosing in 
assessing the utility of NIRF/ICG for differential fluores-
cence. In their study 79 patients underwent RPN with NIRF/
ICG. Their protocol consisted of a minimum of two ICG 
doses, including an initial test dosage and a re-dosing just 
before vessel clamping for renal mass resection. With a 
median initial dose of 1.25 mg (0.62–2.5 mg) and a median 
re-dose of 1.875 mg (0.625–5.0 mg) the differential fluo-
rescence was effectively achieved in 65 of 79 tumors (82%) 
[15].

Borofsky et al. underlined the utility of NIRF/ICG to 
facilitate super-selective arterial clamping in 34 patients 
undergoing zero-ischemia RPN. A matched pair analysis 



886 World Journal of Urology (2020) 38:883–896

1 3

Table 1  Expert consensus recommendations on standard procedure within the specific research groups on how NIRF/ICG can be used to 
enhance a given surgery

Procedure Expert consensus recommendations

Robotic partial nephrectomy (selective/super-selective clamping) (see 
Fig. 2a, b)

Dissect the renal hilum from distal to proximal, including the main renal 
artery and main renal vein and distal arterial branches

Identify and clamp the branches that are most likely supplying the 
tumor

Administer intravenous ICG. Note the area of ischemia and compare it 
to the area that is to be resected

Unclamp and to reconfirm that area of ischemia was the area supplied 
by the clamped artery

Re-clamp the artery with a bulldog clamp. Perform partial nephrectomy 
in a bloodless fashion

Robotic partial nephrectomy (tumor resection) (see Fig. 2c, d) After isolation of the kidney, identify and score the margin of the tumor 
using ultrasound guidance

Confirm the tumor location and tumor margins with ICG. The tumor 
should not have any ICG uptake while the normal kidney should take 
up ICG and turn green

Confirm the scored area is adequate and resect the tumor. Toggling 
between NIRF and white light can help ensure a negative margin at 
the deepest point (closest to the renal sinus)

The resection bed should be green. Tumor or “non-green” area within 
the resection bed should not be seen

Robotic radical cystectomy (ileal loop vascular assessment) (see 
Fig. 2e, f)

Use the ICG to assess proper vascularity of the segment and width/
length of the mesenteric root before firing the staplers when the bowel 
segment is isolated. ICG will allow visualization of the mesenteric 
arcades

Use the ICG once more to confirm the vascularity of the bowel-to-
bowel anastomosis even if the initial ICG assessment showed adequate 
vascular perfusion of the segments

Finally, ICG should be used one more time once the ureters are fixed in 
place to ensure vascularity of the distal segment of the bowel before 
the stoma maturation

Robotic radical cystectomy (ureteral vascularization assessment) (see 
Fig. 2g, h)

Examine the ureters just prior to anastomosis
Ensure that ureters, especially the left ureter, are not twisted
Upon injection of ICG, hold both ureters next to each other, assess for 

both arterial phase and the perfusion phase
If the distal ureter is not enhancing, look more proximally and locate the 

point of transition and spatulate the ureter proximal to the transition 
point

Confirm adequate vascularity of the urinary diversion at the same time 
after assessing the vascularity of the ureter

Robotic ureteral re-implantation (see Fig. 2i, j) Inject ICG through a nephrostomy tube (if available) to identify the pat-
ent lumen of the ureter. Significant scar tissue is typically present in 
patients who have Benign stricture. (Of note, the stricture area will not 
take up any luminal ICG)

Identify and open the most distal aspect of the patent ureter; ICG urine 
will be seen draining from the proximal portion. This helps with 
intraoperative identification

Identify and spatulate the patent portion of the ureter. Administer 3–5 cc 
of intravenous ICG. Check for perfusion and vascularity of the ureters. 
If you are re-implanting the ureter into bowel or bladder, check for the 
vascularity of the bowel or bladder during the IV ICG injection
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Table 1  (continued)

Procedure Expert consensus recommendations

Robotic partial and radical adrenalectomy (see Fig. 3a, b) It is important to perform a bloodless exposure of the adrenal gland; 
identification of the adrenal vein; circumferential dissection of the 
tumor, attached segment of the adrenal gland before giving ICG

Dissect the mass, separating it from surrounding tissue
1 cc (2.5 mg) or 2 cc (5 mg) dye is good enough for differential uptake 

between adrenal mass and gland for partial adrenalectomy and can be 
increased incrementally as needed

For total adrenalectomy you can give a bolus of 5–7.5 mg then control 
the adrenal vein

The tumor will appear hypofluorescent relative to the liver and adjacent 
normal adrenal gland

Using hypofluorescence as the boundary of the tumor, use a 60 mm 
vascular stapler to separate the last attachments between the tumor 
and normal appearing adrenal gland

Robotic lymphadenectomy during radical prostatectomy (see Fig. 3c, 
d)

Real-time fluorescence guidance provides high-resolution images when 
lesions are superficially located, but fails when > 0.5 cm tissue covers 
the lesion of interest

Hybrid image-guided surgery technologies that allow for the integrated 
use of preoperative SPECT/CT imaging enable intraoperative identifi-
cation of deeper lesions

Using a SN-specific carrier molecule such as 99mTc-nanocolloid the 
specificity of the fluorescent ICG can be increased compared to the 
use of free dyes such as ICG (or fluorescein)

Radio-guided surgery using a drop-In gamma probe can help further 
improve the accuracy of lesion localization

Robotic groin lymphadenectomy (see Fig. 3e, f) Intradermal ICG (0.5 ml of 2 mg/kg solution) is injected at the prior 
resection site or base of the penis in cases of prior partial/total penec-
tomy; can be repeated if necessary

Affected lymphatic channels and lymph nodes are visible using the 
NIRF scope ~ 15 min after injection; the drainage pattern from super-
ficial to deep pelvic lymph nodes is easily noted

Surgical excision of both superficial and deep nodes can be performed 
under the guidance of NIRF/ICG to provide proper ligation of large 
lymphatic channels and adequate excision of potentially involved 
superficial and deep inguinal lymph nodes

Robotic simple prostatectomy (see Fig. 3g, h) Use NIRF/ICG for dissection of the medial aspect of the BPH adenoma
After isolation of bladder neck, the 18 Fr urethral catheter is retracted 

into the navicular fossa with the balloon inflated with 3 ml of saline 
solution, and 50 ml of ICG is injected

Omit dissection of central prostate (area behind the urethra) to avoid 
unintentional violation of ejaculatory ducts

When a median prostatic lobe is present, ICG can be used to improve 
the visualization of the bladder neck and to avoid any violation of the 
urinary tract. Use the NIRF/ICG when proceeding medially in prox-
imity to the prostatic urethra
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was performed by matching 27 patients undergoing zero-
ischemia RPN with super-selective arterial clamping to 27 
patients undergoing conventional RPN by the same surgeon. 
The author found comparable outcomes between cohorts, 
except for longer operating time (256 vs 212 min, p = 0.02) 
and less eGFR% loss (− 1.8% vs − 14.9%, p = 0.03) in the 
zero-ischemia cohort [16].

Confirmatory results were found by Harke et al. who com-
pared the on clamp-RPN with selective clamping with the 
use of NIRF/ICG. After intravenous injection of 2.5 mg/ml 
(with a maximum dosage of 2 mg/kg), NIRF/ICG-selective 
clamping RPN was carried out in 15 patients. Comparing 
short-term renal function outcomes, there was significantly 
less eGFR% loss in the NIRF/ICG-selective clamping group 
with an absolute loss of 5.1 vs 16.1 ml/min in the on clamp-
RPN cohort (p = 0.045).

McClintock et al. looked at the differences in renal func-
tional outcomes between RPN and selective arterial clamp-
ing with the use of NIRF/ICG by performing a matched-pair 
comparison of patients that received intravenous injection 
of 5–7.5 mg ICG. From this, they found the use of NIRF 
imaging to be beneficial in improving short-term eGFR at 
the time of patient discharge (78.2 vs 68.5 ml/min/1.73 m2; 
p = 0.04), absolute reduction of eGFR (− 2.5 vs − 14.0 ml/
min/1.73 m; p < 0.01), and percent change in eGFR (− 1.9% 
vs − 16.8%; p < 0.01). However, there were no differences 
at 3 months of follow-up. Of the four minor complications 
recorded in the selective arterial clamping group, none were 
ICG-related [19].

Herz et al. attempted to analyze the utility of NIRF/
ICG-guided selective arterial clamping in children under-
going robotic heminephrectomy (RHN). Additionally, they 
assessed whether real-time ICG-guided selective arterial 
clamping would in fact lead to improved surgical outcomes. 
Using a descriptive series of six children that underwent 
successful RHN, they found that NIRF/ICG-guided selec-
tive arterial clamping is safe without toxicity or vascular 

complications and feasible to perform in conjunction with 
RHN [22].

Lanchon et al. focused on the potential positive impact 
that NIRF/ICG-guided super-selective arterial clamping 
may have on functional renal outcomes. By conducting a 
prospective study examining patients undergoing successful 
RPN for treatment of a single tumor, they concluded that 
the addition of super-selective clamping leads to improved 
outcomes of renal function after RPN. Improved eGFR was 
noted at the time of patient discharge through 6 months of 
follow-up [24].

Mattevi et al. compared the functional and operative out-
comes of 62 RPN with NIRF/ICG-guided selective arterial 
clamping vs a cohort of patients who underwent standard 
RPN (S-RPN) without selective arterial clamping. Selective 
clamping was achieved in 15 patients, due to inadequate 
ischemic appearance of the tumor during the NIRF/ICG-
guided selective clamping. No major complications were 
reported in the NIRF/ICG-guided RPN group, while three 
acute hemorrhages were recorded in the S-RPN group. The 
analysis of renal scan data showed a greater loss of eGFR 
after S-RPN compared to NIRF/ICG-guided RPN (21.5% vs 
5.5%; p = 0.046), as well as a greater total eGFR loss (8% vs 
0%; p = 0.007) [25].

Simone et al. investigated the utility of the ICG in ten 
consecutive patients with totally endophytic renal masses 
and performed off-clamp RPN following super-selective 
transarterial delivery of ICG–lipiodol mixture (1.5  ml 
ICG + 0.75 ml lipiodol). Preoperatively, using a femoral 
approach, they marked the tumor with an ICG–lipiodol 
solution by performing super-selective angiographic cath-
eterization of tertiary and quaternary renal arterial branches 
supplying the tumors to avoid rapid ICG washout. Intra-
operatively, after the Gerota’s capsule incision, surgical 
margins were scored under NIRF/ICG. Once resection was 
completed, the lesion bed was examined, and ICG-marked 
areas were further excised. Surgical margins were negative 

Table 1  (continued)

Procedure Expert consensus recommendations

Robotic renal transplantation (see Fig. 3i, j) Inject 0.3 mg/kg of ICG dissolved in 5% glucose (2 mg/ml) intrave-
nously after completion of vascular anastomoses and removal of bull 
dog clamps from the graft renal vein and artery

Evaluate the fluorescence both before and after allocation of the graft 
within the extraperitoneal pouch

Reduce the brightness of the Da Vinci Xi system to 50% for optimal 
ICG fluorescence assessment

Forty-seconds after ICG injection, switch the camera to reveal fluo-
rescence at the level of vascular anastomoses, renal parenchyma and 
ureter to check for their reperfusion

Check ureteral reperfusion before uretero-vesical anastomosis and adapt 
the ureteral length according to the fluorescence signal to reduce the 
chance of postoperative ureteral strictures
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in all cases and within 1-year follow-up, a median eGFR% 
decrease of 12.2% was noted [26].

NIRF/ICG‑guided robotic radical prostatectomy 
and lymphadenectomy (Fig. 3e–f)

A total of seven studies evaluated the application of intra-
operative NIRF/ICG during RRP [29–35, 51] six of which 
evaluated the role of indocyanine in lymph node evaluation 
during RRP with ePLND [30–35, 51].

Mangano et al. investigated the use of NIRF/ICG to vis-
ualize the peri-prostatic neurovascular bundle [29]. After 
bladder neck incision and seminal vesicle dissection, a sin-
gle dose of 1.25 ml of ICG was administrated allowing the 
visualization of the arteries within the neurovascular bundle. 
They concluded that the application of NIRF/ICG during 
RRP may be helpful to identify and preserve the neurovas-
cular bundle [29].

During initial studies with the da Vinci S system Van 
der Poel et al., preoperatively injected ICG in the prostate 
of 11 patients before RRP. Here a formulation was used 
wherein ICG was non-covalently bound to the SN-specific 
nanocarrier molecule 99mTc-nanocolloid (standard senti-
nel node radiotracer in Europe), yielding the hybrid tracer 
ICG-99mTcNanoColloid (radioactive and fluorescent). Use 
of ICG-99mTc-nanocolloid (0.4 ml; 0.05 mg ICG and 0.1 mg 
nanocolloid) allowed for preoperative lymphoscintigraphy 
and single-SPECT/CT imaging of the tracer uptake, while 
intraoperative ICG fluorescence guidance could accurately 
identify pelvic nodes. The ex vivo evaluation of the lymph 
nodes (LNs) confirmed a correlation between the radioac-
tive and fluorescent uptake. The authors concluded that 
ICG-99mTc-nanocolloid, in combination with laparoscopic 
fluorescence (Karl Stroz technology applied through the 
assistant port), facilitates and optimizes dissection of nodes 
during RRP [30]. KleinJan et al. refined the tracer admin-
istration and fluorescence laparoscope procedure by chang-
ing the conditions in two complementary patient groups. 
In group 2 (n = 13), the amount of ICG-99mTc-nanocolloid 
injected was increased to 2 ml; 0.25 mg ICG and 0.5 mg 
99mTc-nanocolloid and the laparoscopic fluorescence imag-
ing (LFI) system was updated to HD. In the group 3 (n = 16) 
the tracer formulation was identical to that used in group 
2, but the filter settings of the LFI system were modified 
to allow fluorescence imaging in anatomical (white light) 
context. The value of these tracer and technical optimiza-
tions was reflected by the improvement in intraoperative 
fluorescence-based sentinel node identification, going from 
63.7 to 85.2% and finally to 93.5% for groups 1, 2 and 3, 
respectively.

Following an upgrade to the da Vinci Si system the same 
group evaluated the same study setup (optimized ICG-99mTc-
nanocolloid amount) in a similar patient group, but this time 

in using the Firefly laparoscope that is integrated into the 
da Vinci Si platform (standard fluorescence settings in 50 
patients and with custom settings in 5 patients). With the 
Firefly camera intraoperative fluorescence imaging using 
standard fluorescence settings visualized 80.4% of sentinel 
LNs vs 85.7% with customized fluorescence settings. In the 
custom settings the intensity of the white light background 
in the fluorescence image could be reduced, which improved 
the detection accuracy: 78.6% vs 78.6% vs 85.7% for 30%, 
15% and 0% white light background intensity, respectively 
[32]. Combined with the initial study this suggests that nodal 
identification improves when a camera allows for identifica-
tion of fluorescence uptake in anatomical context, but that 
the sensitivity of detection increases when the fraction of 
white light background is reduced.

Chennamsetty et al. aimed to assess the ideal dosing and 
the value of fluorescent sentinel LN detection with ICG in 
detecting LN metastases in intermediate/high-risk pros-
tate cancer patients who underwent RRP and PNLD after 
intraprostatic trans-perineal ultrasound-guided ICG injec-
tion. Patients were cycled through 5 doses (1.25, 2.5, 3.75, 5, 
and 7.5 mg). The median number of fluorescent LNs packets 
was 4.0, 6.0, and 4.5 for the respective doses of 3.75, 5.0, 
and 7.5 mg. Compared to the higher ICG doses, the 1.25 and 
2.5 mg doses had fewer fluorescent LN packets and were 
abandoned. The NIRF/ICG showed 62% sensitivity, 50% 
specificity, 8% positive predictive value, and 95% negative 
predictive value in detecting LNs metastases. The authors 
concluded that lymph node dissection with ICG cannot be 
used as an alternative to ePLND [33].

During robotic pelvic lymphadenectomy and RRP in 
patients with intermediate/low-risk prostate cancer Van 
den Berg et al. evaluated the potential of multispectral fluo-
rescence imaging with the above-mentioned hybrid tracer 
ICG-99mTc-nanocolloid and the free-dye fluorescein (vis-
ible fluorescence), using a Karl Storz NIRF laparoscope. 
They were able to identify 85.3% of the sentinel LNs using 
NIRF/ICG-99mTc-nanocolloid in 10/10 patients and visible 
fluorescence imaging with Fluorescein visualized 44.1% of 
lymphatic ducts in 8/10 patients. This study underlined the 
increase in nodal specificity that the 99mTc-nanocolloid car-
rier provides. They also concluded that multispectral fluores-
cence image-guided surgery is clinically feasible providing 
additional information during sentinel LN dissection [34]. 
A preclinical study from the same group demonstrates that 
similar multispectral imaging concepts are also feasible 
when using a Firefly NIRF laparoscope [52].

In a prospective randomized trial, Harke et al. evalu-
ated 120 intermediate/high-risk prostate cancer patients 
divided into two groups to demonstrate the benefits of 
ICG/NIRF-guided ePLND (using a total of 2.5 mg of 
ICG injected transrectally into two basal, two apical and 
one central prostatic lobes before docking) compared to 
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regular ePLND in RRP. There was a total yield of 2609 
LNs with significantly more LNs after ICG-supported 
ePLND. Nodal metastases were detected in 6 patients in 
the control group (25 cancerous LN) vs 9 patients in inter-
vention group (62 positive LN, p = 0.40). In seven of nine 

patients, ICG-ePLND identified at least one cancer-posi-
tive LN with a sensitivity of 78%. The authors concluded 
that the sensitivity was not sufficient to recommend stand-
alone ICG-ePLND, nevertheless ICG-ePLND may help 
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the surgeon in a better evaluation of lymphatic drainage 
as well as a more meticulous diagnostic approach [35].

NIRF/ICG‑guided robotic adrenalectomy for benign 
and malignant adrenal masses (Fig. 3a, b)

Four studies assessed the role of intraoperative NIRF/ICG 
during robot-assisted adrenalectomy (RAA) for symptomatic 
benign adrenal lesions and malignant lesions [40–43].

Manny et al. examined if NIRF/ICG improved intraopera-
tive tumor identification and excision during robotic par-
tial adrenalectomy (RPA). All the cases were hypofluores-
cent during intraoperative ICG/NIRF evaluation. No cases 
showed positive surgical margins. The authors concluded 
that RPA with intraoperative NIRF/ICG is safe and feasible 
and may allow more precise resection of adrenal masses and 
encourage the use of adrenal-sparing surgery. However, they 
included only small lesions without cancerous features [40].

Colvin et al. evaluated the impact of NIRF/ICG in delin-
eating adrenal tumor borders compared to conventional 
robotic white light in a cohort of 40 patients undergoing 
RAA. The ICG dose used was a 2.5 mg/ml ICG solution. 
NIRF/ICG was found to be superior in 46.5% of patients, 
equivalent in 25.6% and inferior in 27.9% of cases. Addition-
ally, adrenocortical tumors were displayed more accurately 
on ICG imaging. The ICG dosage was sufficient to provide 
enough contrast between adrenal parenchyma and surround-
ing retroperitoneal tissues irrespective of the patient body 
mass index. They concluded that ICG is useful to guide the 
dissection and removal of adrenal tumors during RAA [41].

Sound et al. studied ten patients with benign and malig-
nant lesions who underwent RAA. The total dose per patient 
ranged between 7.5 and 18.8 mg. NIRF/ICG imaging was 
found to be helpful in real-time delineation of the adrenal 
gland in eight out of ten procedures. In one patient who 
underwent a right retroperitoneal-RAA, there was signifi-
cant background fluorescence from the liver and therefore, 
contrast distinction between the adrenal and retroperitoneal 
tissues was not possible. In the second patient a 6.5-cm 

adrenocortical neoplasm that did not show ICG fluorescence 
[42].

In a large, prospective series, Kahramangil et al. evalu-
ated the NIRF/ICG use characteristics of different adrenal 
pathologic conditions and attempted to define the best clini-
cal indications for each. Globally 100 patients were evalu-
ated of which 96 patients underwent RAA and 4 patients 
underwent adrenal-sparing surgery. A single dose of 2 ml 
of ICG solution was used. A total of 74% of the tumors 
were hyperfluorescent. The contrast distinction between the 
tumor and the retroperitoneum was found to be better (41%), 
similar (27%), or inferior (32%) on ICG fluorescence com-
pared with the non-fluoresced view. On multivariate logistic 
regression, the origin of adrenocortical tissue was the only 
predictor of hyper-fluorescence. The authors concluded that 
adrenal tumors have different fluorescence patterns accord-
ing to histologic origin and the best utility of ICG was found 
in adrenocortical tumors and during cortical-sparing adre-
nalectomy [43].

NIRF/ICG‑guided robotic ureteral re‑implantation/
reconstruction (Fig. 2i, j)

Four studies assessed the role of intraoperative NIRF/ICG 
during robotic ureteral re-implantation/reconstruction [27, 
36, 38, 39].

In 2013, Lee et al. initially reported the use of NIRF/ICG 
in localizing ureteral strictures by instilling 25 mg of ICG 
in 10 ml of distilled water in either an anterograde and/or 
retrograde fashion into the ureter and subsequently perform-
ing robotic ureteroureterostomy in seven patients. NIRF/ICG 
was utilized when identification of the ureter was difficult 
due to inflammation or obliteration of dissection planes, or 
both. In addition, ICG fluorescence was used in the evalu-
ation of the vascularity of the ureteral margins. There were 
no complications attributable to ICG use. During a short-
term follow-up period, no patients had any clinical or radio-
graphic evidence of stricture recurrence [36].

The same group confirmed their results with the use 
of NIRF/ICG and expanded their cohort by evaluating 25 
patients who underwent robot-assisted ureteral reconstruc-
tion procedures including ureterolysis, pyeloplasty, uretero-
ureterostomy and ureteroneocystostomy. At a mean follow-
up of 11.6 months no clinical or radiographic evidence of 
recurrent disease was found. They found ICG to be safe, easy 
to perform and reproducible when used during robot-assisted 
ureteral reconstruction by allowing real-time delineation of 
the ureter and discerning healthy ureter from diseased tis-
sue [38].

Bjurlin et al. studied the use of ICG in robotic upper tract 
reconstruction. A dose of 5–10 mg of ICG was injected 
intravenously and NIRF was used to evaluate tissue perfu-
sion before performing the anastomosis, re-implantation, 

Fig. 2  NIRF/ICG-guided robotic urological surgeries. Left side: 
white light; right side: NIRF/ICG. a, b NIRF/ICG-guided vascular 
assessment during selective clamping robotic partial nephrectomy; c, 
d NIRF/ICG-guided tumor resection during robotic partial nephrec-
tomy; e, f NIRF/ICG-guided vascular assessment of ileal segment 
during robotic radical cystectomy; g, h NIRF/ICG-guided ureteral 
isolation and vascular assessment during robotic radical cystectomy; 
i, j NIRF/ICG-guided ureteral vascularization during robotic ureteral 
re-implantation for benign stricture. (A linked video-clip is available 
scanning the QRcode on the right. For apple users: open the Camera 
app from your devices. Hold your device so that the QR code appears 
in the Camera app’s viewfinder. Your device recognizes the QR code 
and shows a notification. Tap the notification to open the link associ-
ated with the QR code. For Android users: download a QRcode scan-
ner app and follow the above instructions)

◂
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Fig. 3  NIRF/ICG-guided robotic urological surgeries. Right side: 
white light; left side: NIRF/ICG. a, b NIRF/ICG-guided robotic 
partial adrenalectomy; c, d NIRF/ICG-guided robotic groin lym-
phadenectomy for penile cancer; e, f NIRF/ICG-guided robotic 
lymphadenectomy during robotic radical prostatectomy; g–j NIRF/
ICG-guided urethral vascular assessment during robotic simple pros-
tatectomy; i–l NIRF/ICG-guided graft vascular assessment during 

robotic renal transplantation. (A linked video-clip is available scan-
ning the QRcode on the right. For Apple users: open the Camera app 
from your devices. Hold your device so that the QR code appears in 
the Camera app’s viewfinder. Your device recognizes the QR code 
and shows a notification. Tap the notification to open the link associ-
ated with the QR code. For Android users: download a QRcode scan-
ner app and follow the above instructions)
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or omental wrap during pyeloplasty, ureteral re-implanta-
tion, ureterolysis or ureteroureterostomy. No complications 
attributable to ICG were reported. They reported an overall 
success rate of 95.2%. Two of the patients who underwent 
ureterolysis failed to improve and required further surgical 
management [27].

Lee et al. studied the use of ICG and NIRF during robotic 
ureteroenteric re-implantation for the treatment of ureter-
oenteric strictures. Their cohort consisted of eight patients 
who underwent ten robotic ureteroenteric re-implantations. 
A dose of 25 mg of ICG dissolved in 10 ml of water was 
injected antegrade and/or retrograde into the lumen of the 
ureter and urinary diversion and assessed intraoperatively 
under NIRF. Seven patients had an ileal conduit and one 
had a Studer neobladder. Median stricture length was 2 cm. 
There were no complications related to ICG use. All the ure-
teroentertic re-implantations were clinically and radiological 
successful at a median follow-up of 29 months [39].

NIRF/ICG‑guided robotic radical cystectomy 
for bladder cancer (Fig. 2e–h)

Three studies reporting the use of ICG and NIRF during 
cystectomy were reviewed [44–46].

In 2014 Manny and Hemal initially reported on the 
feasibility of identification of sentinel node drainage, and 
tumor marking, after submucosal intravesical ICG injection 
in ten patients, and mesenteric arcade identification after 
intravenous ICG injection in eight patients. They injected 
ICG in the bladder submucosa and detrusor circumferen-
tially around the tumor before robotic docking and then 
recorded parameters describing the time course of tissue 
fluorescence and pelvic lymphangiography. Bladder tumor 
marking and identification of sentinel nodes were achieved 
in 9 out of 10 patients and at a median of 15 and 30 min, 
respectively, while mesenteric angiography was successful 
in 8 of 8 patients at a median of < 1 min after intravenous 
injection [44].

Chopra et al. underlined the utility of intraoperative ICG 
and NIRF in assessing the vascularity of bowel and avoiding 
mesenteric arcades when preparing to isolate a segment of 
bowel during intracorporeal ileal neobladder reconstruction 
after RRC [45].

Ahmadi et al. investigated the impact of the use of NIRF/
ICG on decreasing complications after robotic radical cys-
tectomy and intracorporeal urinary diversion. Intraoperative 
ICG was used to assess the vascular integrity of the distal 
ureter before the ureteroenteric anastomosis was performed. 
Specifically, they compared the incidence of ureteroenteric 
strictures between 132 patients in the non-ICG arm and 47 
patients in the ICG arm. Patients in the non-ICG arm were 
found to have a lower stricture rate than patients in the ICG 

arm (10.6 vs 0%, p = 0.020) and had a greater length of ure-
ter excised (2.7 vs 2.2 cm, p = 0.001) [46].

NIRF/ICG‑guided robotic inguinal 
lymphadenectomy for penile cancer (Fig. 3c, d)

Two studies reported the feasibility and oncological ade-
quacy of the use of NIRF with ICG-guided robotic inguinal 
lymphadenectomy (RILND) for penile cancer [47, 48].

Bjurlin et al. first described a novel technique of RILND 
in patients with penile cancer using NIRF with ICG to iden-
tify both superficial and deep inguinal nodes. According to 
the authors’ protocol, intradermal ICG was injected at the 
base of the penis (0.5 ml of 2 mg/kg). Fifteen minutes after 
the injection the lymphatic channels and nodes were visual-
ized using the  Firefly® technology integrated with the Da 
Vinci System. The novel technique was tested on ten groin 
LNDs in five patients. With a mean follow-up of 10 months, 
no postoperative infections, lymphatic leak, necrosis or 
wound breakdown was recorded [47].

Savio et al. reported their novel technique of combined 
partial penectomy with bilateral RILND using NIRF and 
ICG. 5 ml of ICG was injected subcutaneously below the 
tumor and bilateral robotic modified inguinal lymphadenec-
tomy was performed using NIRF and ICG guidance via the 
DaVinci Firefly ® technology. The procedure was carried out 
without complications and a total of 24 nodes were retrieved 
[48].

NIRF/ICG‑guided graft vascular assessment 
during robotic kidney transplant (Fig. 3i, j)

One study explored the utility of NIRF/ICG to assess ure-
teral and graft reperfusion in six patients undergoing RAKT 
[50]. After the completion of the vascular anastomoses and 
positioning of the graft within the extraperitoneal pouch, 
0.3 mg/kg of ICG in 5% of glucose was injected. A few sec-
onds later it was possible to examine the fluorescence at the 
level of renal parenchyma, ureter and vascular anastomosis. 
The NIRF/ICG fluorescence was successfully performed 
in all patients with mean duration of 15 min. At 12 month 
follow-up the mean eGFR was 64.2 ml/min/1.73 m2 [50].

NIRF/ICG‑guided robotic urethra‑sparing simple 
prostatectomy (Fig. 3g, h)

Simone et al. evaluated the selective dissection of prostatic 
lobes during urethra-sparing RSP. After dissecting the blad-
der neck and exposing the proximal prostatic urethra, 50 ml 
of ICG was instilled through an 18 Fr urethral catheter into 
the intraprostatic urethra. Prostatic adenoma dissection was 
performed using NIRF/ICG in order to spare the intrapro-
static urethra. Continuous bladder irrigation was avoided 
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in 83.4% of patients with a median hospital stay of 3 days 
and promising functional outcomes, including ejaculation 
preservation after 1 year follow-up [49].

NIRF/ICG during robotic sacrocolpopexy

One study was reviewed reporting the use of ICG during 
robotic sacrocolpopexy. Siddighi et al. examined the used 
of ICG for identification of the ureter during robotic sacro-
colpopexy in > 10 patients. 25 mg of ICG dissolved in 10 ml 
of sterile water was injected retrograde into the ureter before 
commencing the robotic procedure. During the procedure, 
NIRF was use intermittently to allow definitive identifica-
tion of the ureter throughout the case. In all patients they 
were able to visualize bilateral ureters; however, variations 
in brightness of fluorescence were noted depending on the 
depth of the ureter from the peritoneal surface. No complica-
tions due to ICG were noted [37].

Conclusion

NIRF/ICG technology has now emerged as a safe and fea-
sible tool for an enhanced surgical experience. It has been 
shown to improve the identification of key anatomical land-
marks and pathological structures for oncological and non-
oncological procedures. The applications of NIRF/CG are 
versatile, where it can be injected intravenously to assess 
the vascularity of specific tissues or “in situ” directly into 
various organs to identify diseased parenchyma or assess 
the lymphatic pathways. This has made a significant impact 
on facilitating challenging reconstructive and oncologic 
robotic procedures. NIRF/ICG has been found to be useful 
during RPN in guiding selective/super-selective clamping 
of arteries, while differential fluorescence may play a role 
in discerning between pathological and normal renal tissue 
resulting in minimal renal parenchymal loss. The use of 
this technology during robotic surgery for different types of 
adrenal pathologies (pheochromocytoma, metastatic RCC, 
lymphangioma, adrenocortical adenoma, adrenal hemor-
rhagic cyst, adrenal simple cyst, cystic lymphangioma) is 
compelling in the identification of the mass, excision, and 
promoting the use of adrenal-sparing surgery. The utility 
of NIRF/ICG during ePLND at the time of RRP has been 
found to better-assist in understanding lymphatic drainage 
and in achieving a more scrupulous diagnostic approach. 
However, it cannot be used as an alternative to ePLND. Sen-
tinel LN biopsy could decrease morbidity caused by ePLND 
and improve staging by targeted removal of cancerous LNs 
outside the standard ePLND template. Initial data show that 
multimodal NIRF/ICG-99mTc-NanoColloid, can be used 
to facilitate and optimize dissection of sentinel nodes dur-
ing RRP procedures. Encouraging studies have shown that 

NIRF/ICG-guided robotic lymphadenectomy of the super-
ficial and deep inguinal nodes for penile cancer may result 
in reduced morbidity. However, larger series with longer 
follow-up are needed to obtain more robust results assess-
ing the quality of the nodal dissection and the feasibility of 
the identification of sentinel LNs and the impact of these 
novel techniques on long-term oncological and functional 
outcomes. While this technology assists the surgeon, the 
actual clinical benefit for the patient and in surgical training 
remains to be determined. Although the applications of ICG/
NIRF in urology are promising, the level of evidence is low. 
Further investigations are needed to improve the understand-
ing on the impact of NIRF/ICG. The integration of fluores-
cence imaging within upcoming robotic systems entering the 
market soon should also be contemplated.
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