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Abstract: The surgical management of small renal masses has continued to evolve,
particularly with the advent of the robotic partial nephrectomy (RPN). Recent studies at
high volume institutions utilizing near infrared imaging with indocyanine green (ICG)
fluorescent dye to delineate renal tumor anatomy has generated interest among robotic
surgeons for improving warm ischemia times and positive margin rate for RPN. To date,
early studies suggest positive margin rate using ICG is comparable to traditional RPN,
however this technology improves visualization of the renal vasculature allowing selective
clamping or zero ischemia. The precise combination of fluorescent compound, dose, and
optimal tumor anatomy for ICG RPN has yet to be elucidated.
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1. Introduction

Nephron sparing surgery (NSS) has been advocated as the surgical treatment of choice for
the management of small renal masses, secondarily improving renal function and long-term survival [1].
Increasingly, robotic surgery has been utilized across many centers in the United States as the
preferred NSS modality given the dexterity afforded by the robot and the ability of the surgeon to
resect the mass and cover the renal defect. Particularly when tactile sensation is lost during robotic
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partial nephrectomy (RPN), the risk of incomplete tumor resection and positive margins can
compromise cancer specific outcomes [2]. Intraoperative renal ultrasonography has historically been
utilized to identify complex or intraparenchymal lesions [3], however the margin of masses may still
be difficult to identify and may be cumbersome to use through a robotic assistant port.

The latest robotic surgery technology has attempted to circumvent these visual drawbacks, most
commonly using near infrared fluorescence imaging, (i.e., intravenous injection of indocyanine green
(ICG) (°Akorn, Incorporated, Lake Forest, IL, USA)) to delineate perfusion and uptake of normal
renal parenchyma during RPN (Figure 1) [4]. ICG binds to plasma proteins, remaining in the vasculature
and providing excellent delineation of the vascular system [5]. Renal cortical tumors have reduced
expression of bilitranslocase, a carrier protein for ICG in normal parenchyma proximal tubule cells,
thus leading to a reduction in near infrared fluorescence imaging in these tumors and delineation from
normal parenchyma [6].

Figure 1. Toggling between (A) white and (B) near infrared fluorescence (NIRF) to
evaluate renal mass margins and (C) maintenance of equal fluorescence of normal renal
parenchyma covering tumor and toward normal kidney. (Used with permission, Elsevier:
Krane, L.S.; Manny, T.B.; Hemal, A.K. Urology 2012, 80, 110-118).
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The purpose of this review is to analyze the current institutional experiences utilizing ICG during
RPN, to address limitations and clinical situations when ICG may not be useful, and to highlight future
directions of near infrared fluorescent imaging.

2. ICG RPN Institutional Studies

In 2011, Tobis et al. [4] were the first to publish their experience of ICG for RPN, having
previously reported their success using ICG for open partial nephrectomy [7]. In their series of 11
patients, nine patients successfully underwent RPN and two patients were converted to robotic radical
nephrectomy secondary to an intraoperative identification of renal vein thrombus and dense perinephric
inflammatory adhesions. Median warm ischemia time (WIT) was 19.3 min, estimated blood loss (EBL)
was 100 cc, radiographic tumor size was 3.8 cm, nephrometry score was 7.5, and robotic surgical
console time was 134 min. Their technique for injection of ICG included preparing 2.5 mg/mL at the
beginning of the case and injecting as a bolus dose within six hours of preparation. Tobis et al. used a
total of 0.75 to 7.5 mg per injection based on the optimal tumor fluorescence, and injections were
repeated as necessary to achieve adequate visualization taking care to remain below the recommended
daily maximum dose of 2 mg/kg [4]. Fluorescence was seen in the renal vasculature between 5 and 60 s
following injection in all patients and renal parenchyma was seen to fluoresce in 1 min (maximal
fluorescence lasting 10—15 min) from injection. The tumors demonstrated decreased or no fluorescence
compared to the surrounding parenchyma in 8 patients and equivalent fluorescence in 3 patients.
On final pathology, 10 of the 11 masses were malignant and there were no positive margins; median
change in post-operative compared to preoperative creatinine was 0.1 mg/dL.

Following these initial positive results, Krane et al. [8] reported their experience in 47 consecutive
patients undergoing ICG for RPN, who were compared to 47 consecutive previous patients undergoing
RPN without ICG. Both groups had comparative demographic (age and comorbidities), preoperative
(kidney function) and renal tumor anatomy (nephrometry score and tumor size). Intraoperatively,
the ICG group had decreased WIT (15 vs. 17 min, p = 0.03; only cases with hilar clamping included in
calculating WIT) and more patients who underwent mass excision without hilar clamping (30% vs. 10%,
p = 0.0002), however the ICG group had greater EBL (75 vs. 50 cc, p = 0.023) although likely not
clinically significant. Length of stay, incidence of malignancy, estimated glomerular filtration rate
(eGFR) and positive margin rate were comparable between the two groups.

Recognizing that under dosing ICG causes inadequate fluorescence of peritumor parenchyma and
overdosing causes inappropriate tumor fluorescence, Angell et al. [9] reported their experience of
79 patients utilizing a dosing strategy to determine the optimal ICG dose. Their dosing strategy
consisted of giving a minimum of two ICG doses including a test dose prior to complete kidney
exposure and a calibrated second dose prior to tumor resection. The test dose was based on patient
weight and stature and was a median of 1.25 mg (range 0.625 to 2.5 mg) for the study. Based on tumor
visualization of the test dose, the authors calibrated the second dose accordingly and reported a median
second dose of 1.875 mg (range 0.625 to 5 mg). With this dosing regimen, differential fluorescence
was achieved in 82% of tumors; after excluding five oncocytomas that fluoresced as expected, 88% of
tumors exhibited the desired fluorescence.

Table 1 includes a complete summary of all institutional studies utilizing ICG for RPN.



Robotics 2014, 3 284

Table 1. Published institutional studies reporting outcomes of robotic partial nephrectomy
(RPN) utilizing indocyanine green (ICG).

Median Median
Patients Median Median WIT % Positive
Study Year Institution Age Operative % Malignant
(n) Size (cm) (min) Margin
(years) Time (min)
Tobis University of
2011 9 69 3.8 181 19 91 0
etal. [4] Rochester
Borofsky
2012 WFU, USC,NYU 27 60 * 28* 256 * 0 81 0
etal [10]
Krane
2012 WFU 47 60 * 2.7 NR 15 79 6.4
etal. [8]
Harke Missionsaerztliche,
2013 22 63 * 3.8* 156 * 12 50 0
etal [11] Klinik, Germany
Bjurlin
2013 NYU 48 54 2.6 155 17 75 3.8
etal [12]
Angell
2013 Ohio State University 79 55 % 3.5%* 187 * 13 79 0

etal. [9]

* Mean values; WIT: warm ischemia time; NR: not reported; WFU: Wake Forest University; USC: University of Southern California;

NYU: New York University.
3. Limitations of ICG

Although ICG has improved the visualization of renal vasculature and exophytic cortical tumors,
this has not resulted in improved positive margin rates [8]. Perhaps this is secondary to an exophytic
tumor being less likely to have a positive margin for experienced robotic surgeons. Furthermore,
delineation of tumor margins for endophytic tumors has not improved with ICG [8]. Tobis et al. [4]
hypothesized that poor visualization with endophytic tumors may be secondary to the normal cap of
parenchyma over the tumor. However, they reported that decreased fluorescence could be seen once
resection commenced and suggested that tumor margin identification for endophytic tumors may be
most useful once normal parenchyma has been incised.

In our practice, we have identified other limitations for the use of ICG in RPN. First, the lack of
uptake in peripelvic/intrarenal fat and the collecting system itself may prevent the ICG delineation of
the most medial/central extent of the tumor. Second, when toggling between white light and near
infrared fluorescence imaging, the surrounding intracorporeal field is dark in relation to the ICG
illuminated kidney. Presumably, this may increase the risk of iatrogenic injury to surrounding
structures for the robotic surgeon. Third, we have found that the green color of ICG dye may “bleed”
when excising the mass, making the margins less clear when cutting. Fourth, anecdotally in our
experience, ICG is not helpful for reoperative surgery, particularly during recurrence after laparoscopic
partial nephrectomy and cryoablation, secondary to the renal scar and associated post-inflammatory
changes hypoperfusing similar to the tumor. Finally, the continued need for frozen sections to confirm
negative margins in challenging cases has not been avoided by the introduction of ICG to RPN.
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4. Future Directions

One of the most significant benefits of using ICG is to confirm that the region of potential excision
is truly ischemic; there may be instances where a bulldog clamp is placed on the renal artery however
ICG identifies an additional artery(ies). Furthermore, with the ability of ICG near infrared fluorescent
imaging to delineate the vascular anatomy, attention has been focused on improving zero-ischemia and
selective clamping using ICG. Borofsky ef al. [10] reported their experience of super-selective arterial
clamping during zero-ischemia RPN in 27 patients compared to 27 patients undergoing conventional
clamping RPN. Between the two cohorts there were no differences in baseline patient or tumor
characteristics. Operative outcomes were comparable between the two groups, however the
conventional renal artery-clamping group had a shorter operative time (212 vs. 256 min, p = 0.02).
Post-operatively, the zero-ischemia group had superior kidney function compared to the conventional
RPN group (reduction of estimated GFR —1.8% vs. —14.9%, p = 0.03). Both groups had comparable
post-operative complication rates and all surgical margins were negative. Harke et al. [11] performed
a single-surgeon matched-pair study of 22 patients who underwent selective clamping (tertiary vessels
feeding the tumor) compared to 15 patients who underwent main renal artery clamping after administering
ICG to both groups of patients. Between the groups there were no differences in demographic or
perioperative data as well as post-operative complications. Short-term change in renal function was
improved in the selective clamping group despite comparable baseline eGFR (6.2% vs. 18.6%,
p = 0.045). These studies show that ICG-assisted vascular identification specific to the tumor may
allow either off clamp or selective clamping of the arterial supply, demonstrating short-term
post-operative improvement in renal function.

In an effort to assess whether ICG can predict malignancy in RPN patients, Manny et al. [13]
reviewed the ICG fluorescence pattern in 100 patients undergoing RPN and correlated these findings
to final tumor histology. The tumor fluorescent schema used included isofluorescent (the same amount
as surrounding parenchyma), hypofluorescent (less than surrounding parenchyma, but with uptake),
or afluorescent (no visible uptake of dye). Using a single intravenous dose of 5-7.5 mg of ICG before
vascular clamping, 86 solid lesions were categorized as isofluorescent (n = 3, two clear cell and one
translocation tumor) and hypofluorescent (n = 83, 65 malignant and 18 benign lesions). For 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%. Given these relatively poor
predictive tools, the authors determined that the role of predicting malignancy based on ICG
fluorescent patterns remains to be determined and should not supplant preoperative imaging. Perhaps
standardization of the ICG dosing regimen, as suggested by Angell et al. [9], may improve intraoperative
prediction of malignancy and possibly guide the surgeon’s aggressiveness during tumor resection.

Other compounds and dyes have been analyzed to assess differences in normal parenchyma and
renal masses. For example, photodynamic diagnostic (PDD) has been used over the last decade to
differentiate healthy from diseased tissue. Specifically, 5-aminolevulinic acid (5-ALA) accumulates
in malignant cells and after endogenous metabolism to protoporphyrin IX can be irradiated at
a wavelength of 390 to 440 nm and subsequently fluoresce red at 635 nm [14,15]. Hoda et al. [16]
utilized an oral dose of 1.5 g of 5-ALA four hours prior to surgery in 77 patients undergoing
laparoscopic partial nephrectomy and reported that 58 of 61 patients with renal cell carcinoma
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demonstrated a positive response to excitation light, however the remaining benign lesions also
demonstrated some response to excitation light. Among the 61 malignant lesions, two patients had
positive margins, however PDD was able to detect remaining tissue in the partial nephrectomy bed,
allowing subsequent complete resection. To date, this technology applied to RPN has not been
reported. Disciplines other than Urology have used additional fluorescent compounds to demonstrate
combination nerve and tumor imaging for breast cancer surgery [17]. Furthermore, animal models
have demonstrated the feasibility of robotic-assisted sentinel lymph node mapping for pre-sacral nodes
of the prostate using Ga-68-labeled tilmanocept [18].

5. Conclusions

The initial institutional studies using near infrared fluorescent imaging of ICG dye demonstrate
safety and feasibility when performing RPN. Identification of the renal vasculature and tumor margins
is possible for mainly exophytic tumors; however, positive margin status for these tumors has not
substantially improved. ICG may improve the ability of experienced surgeons to perform RPN with
selective clamping or in some instances zero-ischemia, and early post-operative kidney function may
improve using this technique. Although there are limitations to ICG for RPN, including visualization
of endophytic tumors and difficultly demarcating tumor margins in reoperative cases, the field
continues to advance as robotic surgeons become accustomed to ICG and additional compounds are
developed. The precise combination of fluorescent compound, dose, and optimal tumor anatomy for
ICG RPN has yet to be elucidated.
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