Three-dimensional virtual reconstruction with DocDo: A novel interactive tool

to score renal mass complexity
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Dear Editor,

The pre-operative knowledge of the complexity of a renal mass is the cornerstone to plan a
partial nephrectomy(PN) [1]. Given the multiple issues characterizing it — size, protrusion out
from renal parenchyma, longitudinal and coronal location, proximity to the hilum —
nephrometric scoring systems have been proposed during the last decade[2, 3]; RENAL and
PADUA classifications are the mostly used [4-6]. However, such systems are based on
conventional 2D-imaging rendered as a greyscale, thus implying a sort of cognitive 3D-
reconstruction of a complex structure like the kidney. Porpiglia[1] addresses this unmet
concern by scoring PADUA and RENAL systems with 3D-virtual models developed by
MEDICS. As expected, 3D-nephrometric scoring performed better than the conventional 2D-
based in predicting post-operative complications.

Similarly, DocDo is a novel interactive online tool that provides a customized 3D virtual
reconstruction of the kidney. As for the MEDICS one, it is developed from the collaboration
of bioengineers and radiologists. Conventional DICOM images (four-phase CT-scan or MRI,
at least 2,5-mm thickness) are sent to the DocDo platform which develops and shares within
few days 3D-reconstruction of the kidney that could be displayed into an application
available for iOS or Android. All anatomical structures are three-dimensionally depicted; the
kidney is transparent — to enable the visualization of the inner structures and their relationship
- and all elements could be discretionally removed to focus on the area of interest. The image
could be moved and rotated and details could be enlarged by tapping on the screen
(FigurelA).

We are currently using DocDo in the setting of robotic PN. Herein, we aimed to assess the
DocDo effectiveness for the calculation of nephrometric scores and to evaluate variables
affecting ischemia time (1T) and operative time (OT).

The database of our institute was reviewed to include all the consecutive patients with single
renal mass, who underwent DocDo-planned robotic PNs. Between January and June 2019, a
total of 10 patients were retrieved from the hospital records (eight patients diagnosed with CT
and two with MRI scans). Figure 1B shows a summary of the patient’s characteristics and
the 3D and 2D nephrometric scores. Two patients underwent a concomitant robotic intestinal
resection (for bowel tumor); a single patient underwent concomitant robotic cholecystectomy.
All procedures were performed with the daVinci Si, without conversion to radical
nephrectomy and without selective clamping. Mean ischemia time was 17 = 9.1 minutes.
Mean OT was 144 + 36 minutes (for patients with the concomitant procedure the OT was

calculated as console time of the urological part). The median length-of-stay was 6 + 2.4
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days. No major complications were reported. Three patients had a Clavien-I1 (pleural effusion
requiring antibiotics); none of patients needed blood transfusion.

Histopathology revealed a clear cell carcinoma in six patients, angiomyolipoma in two,
oncocytoma in one, and an epithelial neoplasm in the last patient. All surgical margins were
negative.

From a regression analysis, where IT and OT are considered as continuous variables, 3D-
PADUA score original grouping (coefficient= 9.25; 95% CI 1.97 — 16.53; p=0.020), CS
proximity (coefficient= 20.25; 95% CI 5.46 — 35.04; p=0.014), radius for both PADUA and
RENAL (coefficient= 11.7; 95% CI 1.25 — 22.15; p=0.033), and a hilar tumor (coefficient=
18; 95% C1 10.69 — 25.31; p=0.001), were the variables significantly related to IT. The radius
for both PADUA and RENAL scores (coefficient= 60; 95% CI 24.08 — 95.92; p=0.006) was
the only variable statistically related to operative time.

The current report is preliminary and aims to depict the feasibility of a 3D-scoring with a
system other than the MEDICS one. From a subjective surgeon’s perspective, this platform
with its easy interface allowed to better navigate the renal anatomy, facilitate the dissection
and the identification of the renal vessels.

However, the study presents some limitations: 1) small sample size; 2) the absence of
Clavien-111 complication avoided a regression analysis of related factors; 3) comparison with
the prediction from 2D-PADUA and 2D-RENAL systems was not performed; and 4) the
Length-of-stay may be affected in some patients by the presence of concomitant surgical
procedure.

The DocDo applications does not allow measurement of distances as it is not provided with a
ruler. This occurrence makes the evaluation of some items (as nearness to CS) assessed in a
cognitive way referring to other known distances (ie radium as a reference-marker).

Our analysis confirmed the findings of Porpiglia [1], that the lowest agreement between the
2D- and 3D scores was found in the variables related to the protrusion of the mass and its
relationship with the hilum (Figure 1B). Thus, the 3D-scoring may potentially provide better
advantage in the assessment of these features; a prospective comparative study is currently
ongoing, as well as technological improvements like the inclusion of a ruler inside the tool.
As stated by Porpiglia [1], a novel era is ready to start with the 3D-imaging reconstruction: in
a scenario with growing evidences favoring a conservative approach, trying to expand
indications to PN and to elect more and more tricky cases, 3D-models may overcome the

complexity of 2D-evaluation and standardize the whole surgical reporting [7].
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Figure 1
A) The picture shows anatomical structures 3D assessed (mass, renal shape,
vasculature, collecting system [CS], ureter, and possible presence of renal cysts).

During arterial phase, vascularization results in the reconstruction of at least third or

fourth order branches.

Depiction of two cases:

- Patient with a left kidney tumor, with (A-1) or without (A-2) captions from the
DocDo tool; kidney removed (A-3); kidney and venal aspect removed (A-4);
details of the inner relationship of the mass with the urinary colleting system (CS)
(A-5)

- Patient with a right kidney tumor, medial rim, hilar proximity (B-1); kidney

removed (B-2); kidney, venous aspect and CS removed, to focus on the arterious
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part and its proximity to the mass (B-3) ; posterior face of the same B patient,
with the kidney in-site (B-4) to focus on the contact surface and protrusion of the
mass (B-4); the same as B-4, without kidney and arterious aspect, to focus on the

venous details and mass distance from the CS (B-5)

B) The Table shows the characteristics of the dataset, with nephrometric scoring; level

of agreement between 3D and 2D nephrometric scoring is reported as Cohen’s K.

This article is protected by copyright. All rights reserved



59£124 NA
Comor 5 Cardiac with antiplatelet therapy (1/10) NA
Single Kidney (1/10)
3631162 na
5/5
3D-PADUA Score (mean) 85 9.2 0.500
Low 2/10 0/10
Intermediate 6/10 6/10
High 2/10 4/10
179 175 1
.
311 3/7 1
52 o2 1
Collecting system (not involved / involved) 9/1 5/5 0.20
6/a/0 s/4/0 1
R.E.N.A.L Score (mean) 7 76 0.704
Low 4/10 1/10
Intermediate 6/10 9/10
Hig 0/10 o/10
o/a10 S ’
s/213 33/ 0ss
i 1

Location, polar lines (entirely above or below / 1/4/s 1/a/s
crosses lines / >50% between lines)

bju_15049_f1.tif

This article is protected by copyright. All rights reserved





