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Three dimensional nephrometry system for partial nephrectomy. Our initial explora-
tion
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ABSTRACT Objective: To construct a preoperative evaluation system for partial nephrectomy using CT
three-dimensional visualization technology and to explore its practical value. Methods; The clinical data
of the patients who underwent partial nephrectomy for renal tumors in Department of Urology, Peking Uni-
versity First Hospital were collected retrospectively. At the same time, the homogenized standard data of
patients who underwent partial nephrectomy for renal tumors were collected in 16 clinical centers in
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China. The CT three-dimensional visualization system was applied (IPS system, Yorktal) to evaluate
tumor anatomy, blood supply, perirenal fat and other information. The parameters were summarized to
build a three-dimensional nephrometry system, on the basis of which virtual surgery design and intraoper-
ative navigation were completed. Results; A three-dimensional visualization image was established based
on the enhanced CT urography. The nephrometry system included the longest diameter and volume of the
tumor, proportion volume of tumor invading the parenchyma, maximum depth of the tumor invading the
parenchyma, contact surface area, flatness of the tumor surface, renal segment where the tumor was loca-
ted, vascular variation, and perirenal fat. The average two-dimensional diameter of the tumor was
(2.78 £1.43) cm, the average three-dimensional maximum diameter was (3.09 £1.35) cm, and the
average postoperative pathological size was (3.01 +1.38) cm. The maximum tumor diameter in the
three-dimensional image was significantly related to the prolonged renal artery clamping time and intra-
operative blood loss (r=0.502, P=0.020; r=0.403, P =0.046). The three-dimensional and patho-
logical tumor volume were (25.7 +48.4) cm’ and (33.0 £36.4) c¢m’, respectively (P =0.229). The
tumor volume was significantly related to the intraoperative blood loss (r =0.660, P <0.001). The pro-
portion volume of the tumor invading into renal parenchyma was significantly related to the prolongation of
renal artery clamping and the occurrence of postoperative complications (r =0.410, P =0.041; r =
0.587, P=0.005). The tumor contact surface area and the presence of vascular variation did not show
correlation with the perioperative data and postoperative complications. While the preoperative evaluation
was completed, the reconstructed three-dimensional image could be zoomed, rotated, combined display,
color adjustment, transparency, and simulated cutting on the Touch Viewer system. The process general-
ly consisted of showing or hiding the tissue, adjusting the transparency of the interested area, rotating and
zooming the image to match the position of the surgical patient. Together, these functions met the require-
ments of preoperative virtual surgery plan and intraoperative auxiliary navigation. Conclusion; Three-
dimensional images can provide a more intuitive anatomical structure. The CT three-dimensional visua-
lization system clearly displays tumor anatomical parameters, blood supply and perirenal fat. The three-
dimensional nephrometry system for renal tumors can help predict the difficulty of partial nephrectomy and
perioperative complications. Importing the reconstructed three-dimensional visualization image into the
specified program or robot operating system can complete virtual surgery and intraoperative navigation,
helping the surgeon to better grasp the surgical process. The indexes included in the nephrometry system
and the score weights of each index need to be confirmed and perfected by multi-center study with large
samples.

KEY WORDS Kidney neoplasms; Nephrectomy; Surgery, computer-assisted; Tomography, X-ray com-
puted ; Imaging, three-dimensiona
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Renal tumor Volume Percent Contact surface area

Volume  Superficial area Diameter Inside the parenchyma (043 mI, 37.39 % 3.77 em?

Renal tumor 1.16 mL 5.71 em? 15.38 mm Outside the parenchyma 0.72 mI. 62.61 %

Volume Superficial area

Perirenal fak 88.27 mL.  529.87 cm? @

6A, the perirenal fat was rendered in different colors according to the CT value; 6B, volume and superficial area of perirenal fat.
Bl s KSR B2 R A S SRS IR 1 i i R
B3 MERAEERERRE B4 FRSER BS BEROEER BE6 WIS
Figure 2 Volume proportion of tumor invading into renal parenchyma and contact surface area

Figure 3 Maximum depth of tumor invading into renal parenchyma Figure 4 Renal segment
Figure 5 Variation of renal vascular Figure 6 Perirenal fat parameters

Figure 1 Tumor diameter and volume
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A, three-dimension reconstruction result; B, show or hide organizations and adjust transparency; C, clamp the renal artery; D, expose the renal neo-
plasm; E, suture the renal parenchyma; F, rotate the image to the same position as the surgery.

E7 ZfEEEART SRR s B E

Figure 7 Operation flow diagram of three-dimension reconstruction in the intraoperative navigation
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Table 1 Clinical characteristics and tumor parameters in three-dimensional image

Variables Data

Age/years, % £ 54.4 £10.2
BMI/(kg/m?), X s 25.2+3.2
Location, n (% )

Left 28 (48.3)

Right 30 (51.7)
Diameter/cm, % s 2.78 +1.43
Volume/cm® | % +5 33.0+36.4
Preoperative creatinine/ (umol/L) , % + s 81.0+16.4
Preoperative eGFR/(mL/min/1.73 m?) , x +s 87.4 +16.4
Maximum diameter in 3D image/cm, & +s 3.09 £1.35
Volume in 3D image/cm® | % +s 25.7 +48.4

Proportion of the tumor inside the parenchyma/% , M (range)
Contact surface area/cm?, & +s

Vascular variation, n (% )

38.9% (0.5% —100.0% )
10.8 7.4
7 (12.1)

BMI, body mass index; eGFR, estimated glomerular filtration rate.

K2 M TIRAEE BT AW BOR

Table 2  Perioperative data of patients undergoing partial nephrectomy

Variables Data

Operation time/min, x +s 127.6 £50.5
Time of renal artery clamping/min, x +s 28.5+12.3
Blood loss/mL, M (range) 20 (0 -2800)
Hospital stay/d, M (range) 4.5 (3-18)
Postoperative creatinine/ ( wmol/L) , x £ 82.3+27.7
Postoperative eGFR/[ mL/(min + 1.73 m?) ], x+s  70.8 +27.6
Complications, n 4

eGFR, estimated glomerular filtration rate.
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