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Establishment of a training system for robot-assisted laparoscopic partial nephrectomy based on virtual reality
technology and segmented operation concept

ZHANG Chao, GUO Fei, WANG Fu-bo, YE Chen, YANG Yue, WANG Hui-qing, YANG Bo'
Department of Urology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai 200433, China

[Abstract] Objective To establish a training system for robot-assisted laparoscopic partial nephrectomy (RAPN)
based on virtual reality technology and segmented operation concept. Methods A urologist who has recently been qualified
for da Vinci robotic surgery was selected to receive basic operation training and suture strengthening training using virtual
reality technology. The procedures of the RAPN were divided into six steps. The trained doctor completed one step each
time in the actual operation, and gained practical operation experience with minimal impact on patients. Finally, the trained
urologist tried to carry out RAPN independently. Results The trained urologist successfully completed the virtual reality
training, and participated in 18 cases of actual operation during the segmented operation. Compared with the operation
carried out by superior doctor alone, the average operation time of the segmented operation was prolonged from (134 £
41) min to (161 £51) min, but the difference was not statistically significant (P=0.087). There was no significant difference
in perioperative indexes such as estimated blood loss, incidence of complications or postoperative hospital stay. After training,
the trained urologist was able to carry out RAPN independently. Conclusion With the help of virtual reality training and
segmented operation, the safety and efficacy of the RAPN can be guaranteed, and the trained urologist can complete the
operation with high efficiency and quality.
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segmented operation
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Fig1 Suture-related trainings

A: Sponge sutures with accurate needle in and out points; B: Sponge sutures with inaccurate needle out points; C: Chessboard suture;

D: Tube anastomosis; E: Needle through the rings; F: Needle puncture
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Fig2 Advanced suture trainings

A: Vertical suture; B: Horizontal suture; C: Continuous suture; D: Multi-angle suture
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Tab 1 Comparison between cases of segmented operation
participated by the trained urologist and operation

carried out by superior doctor during the same period

N=18

Segmented Operatl(?n

Index . by superior

operation

doctor
Age (year), x*s 56.4+10.4 60.4+8.5
Male 7 (%) 13(72.2)  11(61.1)
BMI (kgem ), x*s 25.0+3.1 26.6+3.6
Tumor diameter (cm), x5 2.7+0.7 3.0%0.8
Operation time (min), x s 161£51 134141
Estimated blood loss (mL), x s 12181  128+48

Complication n (%) 1(5.6) 0
Postoperative hospital stay (d), x+s 4.1+0.7 3.94+0.8

BMI: Body mass index

#F2 FEIMMISTERHRE RAPN FHHIE SR
Tab 2 Case data of RAPN performed by the trained

urologist independently

Index Case 1 Case 2 Case 3
Age (year) 67 55 51
Gender Male Male Female
BMI (kgem ) 25.7 26.4 22.1
Tumor diameter (cm) 2.5 2.7 3.1
Operation time (min) 185 220 160
Estimated blood loss (mL) 150 200 100
Warm ischemia time (min) 28 27 24
Surgical margin Negative Negative Negative
Complication No No No
Postoperative hospital stay (d) 5 5 4

RAPN: Robot-assisted laparoscopic partial nephrectomy;
BMI: Body mass index

3 it i

B FARALE AL 28, L H RAPN
TRIT I bR B R R A 2, TR BK BORS . Buffi
5100 ] Jii T RAPN YA J7 1Y) 255 {5l PADUA ¥ 4=
10 431 (8 Bk, P2 TF RIS E 2 165 min, P34
B A I B 6] 18.6 min, 24 5.1% By ER A HL R
Clavien-Dindo 43%% 1l 2 VA b I1 A& E, V2 BHTER N
1.9%, 62.0% ) & “= %" (trifecta) i #p
(G FE I KA . $ABI I B ] <20 min, TR
GO ) o BRI T A [A], ARXET A A= R
S, %GR A AW . 2009 4E Mottrie 45
P& R FARBLES N R GE AT L e s B AR 2

AR RAF, Bt ke i 22 1 B U g s o A AR
FARVEFARGTEN, FERIET AR 2T HT
BE, B TR L ah, AN
NZRG] 5 2R QR R TR G, AR ARRT &
A M SR T AR i A TSER ], iR
REEAR T ARAMERE ' . 4T RAPN fiH 2403, H
N B Z, FRE S . REERRYIA
R, VSR E S FH RSN A TFAREEIN,

AN, UCAGEAETFRILEE ARG
10 h LB IRt R Rl B, 3200
2% Ui 8 58 N 7R A i S 5 A O R EA T TR
e, SR, HATHLE A WG 2 d 193E
RPN, Toikit e SEPReE 2. A Mimic™ R4t
PEAT USRI fe s I k2 —" . T
RAPN X485 BORZR B, B T HEAIHERAEZ 4,
BADZUN I T T2 A5 b i), AEHE T
e ARSI E, AR IRt iR kil 255,
FEDEAT BN A% 5 B REAERS 0 3 i A S R
P e I S A A ER I AN 2 4 283 20 RN
J5, ZINEENAEERAER ] SR MRAETE , Bkt B B
YRR A BRI =, BA543 i (63.4£5.9) 43
PEmE) (94.8£3.2) 7, AOR B BTGS2
BTN YI8E S I 45 mLksE S, £
JEREA G U R G IR, TEATHS | ATl 48 B AL
3 AIT A E] 90 43U L

UNAT AR AR UE T AR 22 4 A B A 4R il <2
YIBE IR AR L 2w 2 AR, AR
B BV 718, % RAPN 35 A8, %
WEMS5FAREAE, BRFAREEL P —A2
B Rz B2 ) R IfR S TR 22 A
YRS, [RRE AR S F AR P AEAE LG,
M TF AR, RIEFARZ &M, RS, 2
YIEE XS 18 1] RAPN #E47T T 20 BediefE, “FHFAR
f ] 5 B BRIBEIAFARFA LA T 27 min, 225
TGit2¢mE L (P<0.05) , HAbEFARMIERS
R BRI FARA LB TG 228 L, a4
B AE T DB I ARIE TR e 4 o 2RI AR IR A
SERTF AR —/ NGRS . il 20 FARFAF TR
PRI N7 2CRE IS A R H FAR BT H], sl
X R AR

it RSN A B RN ks, szl
Ui e 4SS N S FF TR, R 58 3 4



e 768 -

BEERSR S 202047 A, 41 %

RAPN, FARYIZE B, T AR W 5
RAE, BUST BAFHRCR . RAPN B2 3 2 HLiE
J s TR T A, B H R 15~25 BN ik E 4
TFRYLE RS RS 2 B 0T B I s T
ARz, WaWI Bz, #u71F
Rtk BEISRNS5 18 I FA, HERIEN
HFARM—/NERSY, S T HERRCE . XTI
BT ARZR MBI, TR ES 5 LN 00 T
ARA BB BB IRCR .
B2, FAYIARG BA R RSN,

T A RS UTBR AR b R o R LI 4y
Brter X, T AU b 1 3R 2 I BE U, (i
R, BB SE A RAPN

(& % x #fk]

[1] LJUNGBERG B, CAMPBELL S C, CHOI HY,
JACQMIN D, LEE J E, WEIKERT S, et al. The
epidemiology of renal cell carcinomalJ]. Eur Urol,
2011, 60: 615-621.

[2]  GILLIS, ARON M, GERVAIS D A, JEWETT M A.
Clinical practice. Small renal mass[J]. N Engl J Med,
2010, 362: 624-634.

[3] MUKKAMALA A, HE C, WEIZER A Z, HAFEZ K
S, MILLER D C, MONTGOMERY J S, et al. Long-
term oncologic outcomes of minimally invasive partial
nephrectomy for renal-cell carcinomalJ]. J Endourol,
2014, 28: 649-654.

[4] VAN POPPEL H, DA POZZO L, ALBRECHT W,
MATVEEV V, BONO A, BORKOWSKI A, et al. A
prospective, randomised EORTC intergroup phase 3 study
comparing the oncologic outcome of elective nephron-
sparing surgery and radical nephrectomy for low-stage
renal cell carcinomalJ]. Eur Urol, 2011, 59: 543-552.

[5] CAPITANIO U, TERRONE C, ANTONELLI A,
MINERVINI A, VOLPE A, FURLAN M, et al.
Nephron-sparing techniques independently decrease
the risk of cardiovascular events relative to radical
nephrectomy in patients with a T1a-T1b renal mass and
normal preoperative renal function[J]. Eur Urol, 2015,
67: 683-689.

[6] MIR M C, DERWEESH I, PORPIGLIA F, ZARGAR
H, MOTTRIE A, AUTORINO R. Partial nephrectomy
versus radical nephrectomy for clinical T1b and T2
renal tumors: a systematic review and meta-analysis of
comparative studies[J]. Eur Urol, 2017, 71: 606-617.

[7]  WINFIELD H N, DONOVAN J F, GODET A S,
CLAYMAN R V. Laparoscopic partial nephrectomy:
initial case report for benign disease[J]. J Endourol,
1993, 7: 521-526.

[8] GETTMAN M T, BLUTE M L, CHOW G K,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

NEURURER R, BARTSCH G, PESCHEL R. Robotic-
assisted laparoscopic partial nephrectomy: technique and
initial clinical experience with DaVinci robotic system[J].
Urology, 2004, 64: 914-918.
MCGUINNESS L A, PRASAD RAI B. Robotics in
urology[J]. Ann R Coll Surg Engl, 2018, 100(6_sup):
38-44.
BUFFI N M, SAITA A, LUGHEZZANI G, PORTER J,
DELL’OGLIO P, AMPARORE D, et al; ERUS Scientific
Working Group. Robot-assisted partial nephrectomy
for complex (PADUA score =10) tumors: techniques
and results from a multicenter experience at four high-
volume centers[J]. Eur Urol, 2020, 77: 95-100.
MOTTRIE A, CESTARI A, BUFFI N, GUAZZONI
G, IRWIN B H, ARON M, et al. Open to debate. The
motion: a robot is necessary for laparoscopic enucleation
of renal masses[J]. Eur Urol, 2009, 55: 1229-1232.
MARI A, TELLINI R, DI MAIDA F, CAMPI R,
BARZAGHI P, TASSO G, et al. Predictors of early
postoperative and mid-term functional outcomes
in patients treated with Endoscopic Robot Assisted
Simple Enucleation (ERASE): results from a tertiary
referral centre[J/OL]. Minerva Urol Nefrol, 2019. doi:
10.23736/S0393-2249.19.03640-3.
TAKAGI T, KONDO T, TACHIBANA H, IIZUKA 1J,
OMAE K, YOSHIDA K, et al. Comparison of surgical
outcomes between resection and enucleation in robot-
assisted laparoscopic partial nephrectomy for renal
tumors according to the surface-intermediate-base
margin score: a propensity score-matched study[J].
J Endourol, 2017, 31: 756-761.
WANG F, ZHANG C, GUO F, J1J, LYU J, CAO Z, et
al. Navigation of intelligent/interactive qualitative and
quantitative analysis three-dimensional reconstruction
technique in laparoscopic or robotic assisted partial
nephrectomy for renal hilar tumors[J]. J Endourol,
2019, 33: 641-646.
WIENER S, HADDOCK P, SHICHMAN S, DORIN
R. Construction of a urologic robotic surgery training
curriculum: how many simulator sessions are required
for residents to achieve proficiency?[J]. J Endourol,
2015, 29: 1289-1293.
LAVIANA A A, HU J C. Current controversies and
challenges in robotic-assisted, laparoscopic, and open
partial nephrectomies[J]. World J Urol, 2014, 32: 591-596.
GUO F, ZHANG C, WANG H Q, SHENG X, XIAO L,
SUN Y H, et al. Application of a laser-guided docking
system in robot-assisted urologic surgery[J]. Int J Med
Robot, 2016, 12: 524-527.

(AT 448 ]

=



