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Abstract

Introduction and Objectives. The purpose of partial nephrectomy (PN) is the complete tumoral resection, together 
with maximum preservation of renal parenchyma. Near-infrared fluorescence imaging, after administration of 
indocyanine green (ICG), can permit the differentiation of the renal parenchyma from tumoral tissue due to increased 
uptake in healthy renal parenchyma. Thereby, the tumoral resection can be performed with safe surgical margins.

Materials and Methods. The current study included six patients who underwent laparoscopic PN in our department, 
since October 2021. Intraoperatively, 2.5 mg/mL ICG solution was administrated intravenously in reduced doses, until 
a satisfactory level of differential fluorescence was achieved. Patient demographics, tumor characteristics, operative 
parameters, initial patient outcomes and pathological data were recorded.

Results.   The median patient age was 55 years (IQR 35 - 68). The median tumor size was 41 mm (IQR 33 - 50). Two 
cases were staged cT1a (33%) and four cases cT1b (66%). Two cases were evaluated with a PADUA score of 7 (33%), 
two more cases with a PADUA score of 8 (33%), and one each with a PADUA score of 9 (16%), respectively 10 (16%). 
The median dose of 2.5 mg/mL ICG solution administrated was 0.44 mL (IQR 0.33 - 0.54). Differential fluorescence was 
feasible in all cases.  Median operative time and warm ischemia time were 204 min (IQR 158 - 250), and 23 min (IQR 
19 - 28). The median hemoglobin decrease was 2.1 g/dL (IQR 1.51 - 2.68) and the median decrease of the estimated 
glomerular filtration rate (eGFR) was 8.94 mL/min/1.73 m2 (IQR -9.5 - 27.14). The histopathological examination of the 
resected tumors revealed: four renal cell carcinomas (66%), one angiomyolipoma (16%), and one multilocular cystic 
renal neoplasm of low malignant potential (16%). All tumors (100%) were resected with negative surgical margins 
(R0). 

Conclusions. Differential fluorescence augments visual control during partial nephrectomies in order to perform the 
resection in full oncological safety and with maximum preservation of healthy renal parenchyma.
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Introduction and Objectives
After the introduction of cross-sectional imaging, 

the diagnostic rates of renal masses have increased [1,2]. 
Concurrently, the management of suspect renal masses 
has shifted in the last two decades towards increased 
preservation of healthy parenchyma [3]. If previously, 
the main management strategy for all renal masses was 
aggressive surgical treatment via radical nephrectomy, 
at present multiple management strategies are 
implemented in the clinical setting including radical 
nephrectomy, partial nephrectomy, thermal ablation 
and active surveillance [3].

It has been demonstrated that in the case of T1 
tumors, partial nephrectomy ensures similar oncologic 
outcomes as radical nephrectomy, with improved 
postoperative functional outcomes and quality of life [4]. 
Currently, the european Association of Urology strongly 
recommends performing partial nephrectomy for T1 
tumors and in selected cases of T2 disease [5]. Advances 
in surgical technology have rendered most renal 
tumors resectable regardless of the complexity with 
a robot-assisted or pure laparoscopic approach. Thus, 
with the increased challenge of performing nephron-
sparing surgery, advanced intraoperative imaging is 
becoming a necessity in the operating theatre [6].

In 1959, Indocyanine green (ICG) was approved 
for intravenous administration by the FDA for a broad 
range of surgical and medical applications, including 
hepatic function and cardiac output assessment [7]. 
ICG is a water-soluble tricarbocyanine dye that can be 
administrated intravenously and is transported in the 
blood in two different forms: bound and unbound to 
serum proteins, (mainly globulins, and lipoproteins) [8].

Regarding kidney surgery, there are two main 
applications: selective perfusion assessment and 
differential ICG uptake for guided resection of renal 
masses. Firstly, fluorescence imaging can highlight the 
kidney’s vascularization in order to perform selective 
or super-selective arterial clamping. The arterial 
branches that are most likely supplying the tumor are 
clamped, ICG is administered, and an afluorescent area 
will appear and will be compared to the area of future 
resection. Reperfusion of the future resection area 
after unclamping confirms which artery specifically 
supplies the tumor and surrounding tissue, thus partial 
nephrectomy can be performed in a bloodless fashion 
after selectively reclamping the artery. [7]

On the other hand, ICG has a great affinity for a 
transmembrane protein called bilitranslocase (BLT), 
abundantly found at the level of proximal and distal 

convoluted tubes of the healthy renal parenchyma. 
Thereby, the normal renal parenchyma emits green 
fluorescent light after ICG injection when viewed 
under near-infrared fluorescence light (NIRF) [8]. Cells 
from renal cell carcinoma do not present BLT and 
do not store ICG intracellularly, so they will not emit 
fluorescent light at low doses of ICG.[9]

Under NIRF, there is a difference in the perceived 
fluorescence of the healthy renal parenchyma and 
renal tumors (tumoral tissue is darker due to its 
hypofluorescence), which helps the surgeon to perform 
an effective tumor excision with negative surgical 
margins. This is of particular importance in complex 
or cystic renal masses. However, the fluorescent 
differentiation between the two types of tissues 
depends on the dosing of ICG [8, 10, 11]. Oncocytomas are 
a notable exception because the tumor contains BLT 
and the mass will appear isofluorescent with the renal 
parenchyma [8]. There are no known metabolites and 
the ICG is rapidly excreted without modifications in the 
bile approximately eight minutes after administration, 
depending on liver vascularization and function. [12]

Our objective is to assess whether ICG administration 
in specific doses, under NIRF, can help surgeons to 
differentiate renal tumors from the healthy renal 
parenchyma in partial laparoscopic nephrectomies in 
order to improve oncologic and functional outcomes.

Materials and Methods
We reviewed our database of patients who 

underwent laparoscopic partial nephrectomy (LPN) 
after we started the implementation of NIRF and ICG 
guidance (October 2021). LPN procedures that were 
excluded from our study were the ones in which ICG in 
NIRF was used only for perfusion assessment. All LPN 
included in our study were performed by two surgeons 
(N.C. and I.A.) using the Karl Storz IMAGe S™ Rubina 
suite system, with OPAL 1® NIRF/ICG technology. 

Depending on the patient’s anatomy and 
the location and characteristics of the tumor, a 
retroperitoneal or transperitoneal approach was 
implemented, followed by dissection of the perineal 
fat, in order to access the renal hilum and isolate the 
renal artery/arteries. After establishing hilum control, 
perirenal fat dissection continued in order to isolate 
the renal tumor. After the tumor and its borders were 
visible, the reconstituted ICG solution of 2.5 mg/mL 
was administered at purposely low doses, ranging from 
0.25 - 0.5 mL. An initial dose of 0.25 mL was given first 
and the fluorescence was assessed after 1-2 minutes. 
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If the initial level of fluorescence was not sufficient, 
another dose of 0.15 - 0.25 mL was given, until the 
desired level of differential fluorescence was achieved 
(fluorescent renal parenchyma and afluorescent tumor). 
Fluorescence assessment was performed using OPAL 1® 
NIRF/ICG technology in overlay mode (Figure 1).

After differential fluorescence was achieved, 
the renal capsule around the tumor was incised 
with monopolar cautery in order to mark the future 
resection plane. Warm ischemia was established and 
resection was performed with NIRF overlay, allowing 
the surgeon to assess in real-time the resection margins. 
Upon completion of resection, the renal parenchyma 
covering the base of the tumor will continue to 
fluoresce, allowing the macroscopic assessment of the 
final resection margin, given the fact that a uniform 
fluorescence signifies that no gross tumoral fragments 
are included in the resection border (Figure 2).

Intra and postoperative complications, and 
functional and oncological outcomes were assessed 
according to current recommendations [13, 14].

Results
Our initial experience with LPN using NIRF/ICG 

guidance comprises 6 cases. Differential fluorescence 
was feasible in all cases. The median age of the patients 
included in our study was 55 years (range 35 - 68), with 
four (66%) out of six cases being female patients. The 
mean BMI was 26.64 kg/m2 (IQR 24.1 - 29.89). All cases 
presented a solitary tumor in only one of the kidneys, 
with four tumors located in the left kidney (66%) and 
two in the right kidney (33%). The median tumor size 
was 41 mm (IQR 33 - 50). Two cases were staged cT1a 
(33%) and four cases cT1b (66%). Two cases were 
evaluated with a PADUA score of 7 (33%), two more 
cases with a PADUA score of 8 (33%), and one case each 
with a PADUA score of 9 (16%), respectively 10 (16%). 

The approach that was chosen was transperitoneal 
in half (50%) of the cases, whereas the rest were 
performed by retroperitoneal approach. The median 
dose of 2.5 mg/mL ICG solution administrated 
intra-operatively was 0.44 mL (IQR 0.33 - 0.54). All 
cases exhibited differential fluorescence after ICG 
administration according to the previously described 

Figure 1. Assessing the future resection plane before resection using NIRF/ICG.  
T = tumor, RP = renal parenchyma at the base of the tumor.

Figure 2. Gross evaluation of surgical margins using NIRF/ICG during and after resection of the tumor.  
T = tumor, RP = renal parenchyma at the base of the tumor.
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protocol. No adverse reactions to ICG injections were 
noted. There were no cases that required conversion 
to either radical nephrectomy or open surgery. Median 
operative time and warm ischemia time were 204 min 
(IQR 158 - 250) and 23 minutes (IQR 19 - 28) respectively. 

The median postoperative hemoglobin decrease 
was 2.1 g/dL (IQR 1.51 - 2.68) and the median decrease 
of the MDRD estimated glomerular filtration rate 
(eGFR) was 8.94 mL/min/1.73 m2 (IQR -9.5 - 27.14).  The 
median percentage change in eGRF was -16% (-21% - 
2%). No major complications (Clavien-Dindo >2) have 
occurred. The histopathological examination of the 
resected tumors revealed renal cell carcinoma (RCC) in 
four cases (66%, - three of them graded Fuhrman 2 and 
one graded Fuhrman 1), one renal angiomyolipoma 
(16%), and one multilocular cystic renal neoplasm of 
low malignant potential (16%). All tumors (100%) were 
resected with negative surgical margins (R0). 

The table summarizes patient demographics, tumor 
characteristics, operative parameters, initial patient 
outcomes and pathological data. (Table 1)

Discussions
We have studied the outcomes of laparoscopic 

partial nephrectomies performed with ICG/NIRF 
guidance after the administration of ICG in purposefully 
low doses in order to achieve differential fluorescence. 

The usefulness of ICG fluorescence imaging during 
robotic partial nephrectomy was studied initially by 
Tobis et al [15]. A separate scope inserted through a side 
port was used to capture NIRF images, a technique that 
was cumbersome, time-consuming and only resulted 
in 2D images. even so, the conclusion was that the 
ICG/NIRF imagining can aid identification of the renal 
vasculature and can differentiate tumors from the 
surrounding renal parenchyma.

Since 2011, Firefly was used as an integrated real-
time 3D fluorescence imaging system within the DaVinci 
robotic ecosystem and has facilitated the use of NIRF 
imaging in minimally invasive surgery. Alongside, other 
surgical equipment developers have implemented 
NIRF imaging in their laparoscopy systems. After its 
introduction, ICG/NRIF guidance was implemented 

Median patient age (range)  55 (35 - 68)
Mean BMI  26.64 (24.1 - 29.89)
No. Gender (%)
 F  4 (66%)
 M 2 (33%)
Tumor location (%)
 Left kidney 4 (66%)
 Right kidney 2 (33%)
PADUA score (%)
 7 2 (33%)
 8 2 (33%)
 9 1 (16%)
 10 1 (16%)
Median tumor size (IQR) 41 (33 - 50)
T staging (%)
 cT1a 2 (33%)
 cT1b 4 (66%)
Median ICG dose (IQR)  0.44  (0.33 - 0.54)
Median warm ischemia time (IQR)  23 (19 - 28)
Median operating time (IQR)  204 (158 - 250)
Median hemoglobin decrease (IQR)  2.1  (1.51 - 2.68)
Median eGFR decrease (IQR)  8.94 (-9.5 - 27.14)
Median eGFR % change (IQR)  -16% (-21% - 2%)
Clavien-Dindo Complications > II 0
Pathologic Diagnostic (%)
 RCC 4 (66%)
 Angiomyolipoma 1 (16%)
 Multilocular cystic renal neoplasm  
 of low malignant potential  1 (16%)
Positive surgical margins - R1 0

Table 1: Summary of patient demographics, tumor characteristics, operative parameters, initial patient outcomes and pathological data
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in urologic surgery for multiple procedures [7]. For 
nephron-sparing surgery, two main applications have 
been studied and reported: Perfusion assessment and 
differential ICG uptake during mass resection.

In our opinion, the most important variable in 
achieving differential fluorescence between the 
tumor and the renal parenchyma is the amount of ICG 
solution that is administered. A median dose of 5 mg 
ICG (2 mL solution) was given per patient in the study 
published by Tobis et al [15], which did not achieve 
differential fluorescence, resulting in no afluorescent 
tumors, only iso- and hypo-fluorescent tumors. Krane 
et al [16] performed robotic assisted-LPN using a dose 
of 5-7,5 mg ICG (2-3 mL ICG solution) resulting in 
mostly hypofluorescent tumors. Cases, where ICG/
NIRF was used, were prospectively compared with 
cases performed without fluorescence resulting in a 
difference of approximately 2% in the rate of positive 
surgical margins (6% vs 8.5%), albeit not statistically 
significant. The same group of authors published 
a subsequent study reporting ICG/NIRF use in 100 
robotic-assisted RPN, observing hypo-fluorescence 
in most tumors with afluorescence being reported in 
only 9 of 77 malignant tumors [17]. We consider that the 
low number of cases in which differential fluorescence 
was achieved is due to the doses of ICG that were 
administered, which were significantly higher than in 
our study.

The protocol used by Angell et al. to achieve 
differential fluorescence in 79 cases of robot-assisted 
consisted of two doses of ICG with a median initial dose 
of 1.25 mg and a median redose of 1.875 mg resulted 
in an 82% rate of successful differential fluorescence [18], 
confirming our findings.

On the other hand, Abaza et al [19] decided to scale 
down the doses to 0.25 - 0.5 mL of ICG solution (0.3 - 0.6 
mg of ICG) per case of robot-assisted PN. This resulted 
in 89.9% success in achieving differential fluorescence 
in cases of malignant tumors. The transition from the Si 
robot to the Xi robot was considered a source of error in 
dosing the ICG because the increased sensitivity of the 
Xi’s video processing capability required the ICG doses 
to be halved. even in cases of oncocytomas, the success 
rate was 71.9%, suggesting the possibility of reduced 
expression of bilitranslocase in most oncocytomas.

For our study, we carried out our partial 
nephrectomies with a purely laparoscopic approach, 
and with doses of ICG that also ranged from 0.25 to 
0.5 mL (0.3 - 0.6 mg of ICG). Although there might be 
a technical difference regarding the video camera 

and video equipment between the Da Vinci robot 
and our Karl Storz IMAGe S™ Rubina suite system, we 
found the range of 0.25 mL - 0.5 mL of ICG solution to 
be ideal for achieving differential fluorescence with 
our laparoscopy system. Differential fluorescence, as 
defined above, was achieved in all six cases of ICG/
NIRF-guided LPN we have performed to date in our 
department, regardless of the presence of renal cell 
carcinomas or benign tumors (angiomyolipoma). [8]

Since ICG/NIRF entered into routine use for LPN in 
our department, no positive margins were found. The 
positive margins rate after robot-assisted LPN reported 
by the Transatlantic Robotic Nephron-sparing Surgery 
Group was 3.8% [20]. The series of Abaza et al [19] 
reported a 0.3% positive margins rate, an achievement 
that was considered at least partially attributable to the 
use of ICG/NIRF imaging.

The main goal of nephron-sparing surgery is the 
complete resection of the renal tumor while sparing 
as much of the renal parenchyma as possible. For this 
reason, the study of postoperative renal function is an 
important metric of the postoperative outcome. We 
report a median eGFR decrease of 8.94 mL/min/1.73 m2 
and a median eGFR change of -16%, which is comparable 
to the -11% change reported by the Transatlantic Robotic 
Nephron-sparing Surgery Group [20].

The main limitation of our study is the small 
number of cases that were recorded so far. We expect 
our sample size to increase along with the significance 
of our reported results. We also aim to perform LPN 
for more complex tumors with the help of ICG/NIRF 
guidance. To our knowledge, this is one of the first 
series of pure laparoscopic partial nephrectomies that 
studied the oncological and functional outcomes of a 
well-defined ICG/NIRF guidance protocol. 

Conclusions
Differential fluorescence using NIRF imaging is 

achievable in laparoscopic partial nephrectomy with 
proper dosing of ICG. When achieved, differential 
fluorescence allows the surgeon to differentiate renal 
tumors from the surrounding healthy parenchyma 
in order to carry out tumor resection within safety 
margins, whilst preserving as much normal parenchyma 
as possible. 
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