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A snapshot into the future of image-guided @™

surgery for renal cancer

Robot-assisted partial nephrectomy (RAPN) is certainly one
of the most fascinating and complex urological procedures.
This is ascribable to its vast heterogeneity from one case to
another, related to patient’s anatomical variability and
tumour’s characteristics.

Over the last years, with the aim to assist the surgeons in
handling ever more difficult lesions (totally endophytic or
large volume [1,2]) suitable for RAPN, several technologies
were proposed and tested, from preoperative planning to
intraoperative assistance or navigation [3].

As already published, the recent advent of high definition
three-dimensional (3D) models represents the major innova-
tion in the field of image-guided robotic surgery, potentially
changing surgeon’s approach to every single renal mass [4]. In
fact, notwithstanding the heterogeneity of the steps of 3D
models’ production and the lack of standardization of
reconstruction process that lead to a faithful reproduction of
the anatomy [5], the 3D spatial visualisation of patient’s
anatomy can improve the perception of lesion’s complexity by
the surgeon [6] with a general simplification of the procedure
and a subsequent wider attempt to perform a nephron sparing
surgery [7], without compromising oncological and functional
outcomes [8]. Furthermore, the possibility to intraoperatively
overlap 3D virtual images over the real anatomy allows to
obtain an augmented reality (AR)-guided surgery, of which
safety, feasibility, and accuracy have already been demon-
strated [9].

However, despite the lack of high-level clinical valida-
tion of these new tools, technological and engineering
research keeps on moving forward, and a new generation of
3D kidney models is today available in our clinical practice.
These models do not just represent the anatomy of the
patient as a very detailed static photograph, but they are
enhanced with perfusion area information. Today, with the
application of mathematical models, it is possible to pre-
dict the area of parenchyma supplied by every arterial
branch. To complete this task, the Voronoi diagram is used
for calculating vascular dominant regions: considering the
capillaries along the arteries, each branch of the renal ar-
tery is treated as a set of seed points of a Voronoi diagram
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instead of using the end points of arteries [10]. The 3D
models can then be divided and visualized with different
colors, based on the different perfusion areas. These
enhanced 3D models allow to perform a more precise se-
lective clamping, no more empirically based on the hypo-
thetical arteries supplying the tumor, but guided by a
mathematical demonstration of the perfusion areas. This
represents a new change of perspective: in fact, to obtain a
proper selective clamping, we don’t have to consider the
direction of the artery towards the tumor, but the area of
tumor growth and by which arteries are supplied. The
preliminary experiences presented by our group during
the last edition of Techno-Urology Meeting (http://www.
technourologymeeting.com) showed how these theoretical
speculations found perfect correspondence during the
intervention, with an effective selective clamping and
subsequent bloodless resection bed (Fig. 1).

Furthermore, moving to intraoperative surgical naviga-
tion, despite the promising experiences with AR guidance,
the need for a dedicated operator constantly handling a 3D
mouse in order to guarantee an optimal overlapping still
represents the main limit of this technology. Aiming to
overcome this limitation, we explored an innovative way to
reach a fully automated model overlapped using computer
vision strategies, based on the identification of landmarks
which could be linked to the virtual model. In particular,
after the injection of indocyanine green, a specifically
developed software named "IGNITE” (Indocyanine GreeN
automatlc augmenTed rEality) allows the automatic
anchorage of the 3D model to the real organ, leveraging the
enhanced view offered by indocyanine green vision [11]. In
fact, after 7 s of registration time by the software, the
model is properly anchored to the real anatomy and the
AR-guided procedure can be started (Fig. 2).

In the next future, the advent of artificial intelligence
with different deep learning techniques such as the appli-
cation of neuronal networks will allow to furtherly improve
the precision of automatic overlapping, with a real-time
navigation during the different dynamic phases of the
procedure [12].
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Figure 1
perfusion areas.

Figure 2 Augmented reality robot-assisted partial nephrec-

tomy with IGNITE software.

At last, the integration of different technologies, such as
target molecules or monoclonal antibodies will allow to
design novel near-infrared fluorescence imaging probes
able to identify residual cancer cells in the resection bed
and the advent of new artificial biomaterials enhancing the
performance of robotic camera will allow to obtain inte-

grated platforms improving the results of AR surgery.
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