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ABSTRACT —— Robot-assisted thoracoscopic surgery for lung cancer has been rapidly spreading in Japan since
lobectomy and segmentectomy became covered by national insurance in 2018 and 2020, respectively. In the 2022
Lung Cancer Clinical Practice Guidelines, robotic surgery is recommended as Grade 2B and recognized as an op-
tion for minimally invasive surgery. Robotic surgery has good maneuverability, especially at the hilum, and can
facilitate meticulous operations for blood vessels and bronchi and lymph node dissection of the hilum and medi-
astinum with high accuracy. Consequently, the more difficult the surgery, such as in cases of advanced cancer,
surgery after preoperative therapy, and segmentectomy, the more attractive this approach is. Although there is
no clear evidence supporting the advantages of robotic surgery for lung cancer surgery in Japan at present, with

surgical robots

the advent of new devices and new surgical robots, further development is expected.
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Figure 1. Changes in the number of cases of robot-assisted thoracoscopic surgery.
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Figure 2. Evolution of the da Vinci surgical robot and insurance coverage of robotic thoracic surgery.
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Table 1. List of RCTs on Robotic Thoracic Surgery
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Identifier NCT02617186 NCT02804893 NCT03134534 NCT03152071 N
Trial name RAVAL Trial ROMAN study RVlob Trial - -
Start date 2016. 1 2017. 3.6 2017. 6. 15 2017. 8. 15 2016. 1
Completion date 2021. 1 2023. 3.6 2022. 8. 31 2018.7.1 2018. 12
Intervention RATS versus RATS versus RATS versus RATS versus RATS versus open
VATS VATS VATS VATS
Primary outcome Difference in Intraoperative 3-year overall Postoperative Disease free sur-

HRQOL scores,
measured by

complications and
postoperative

the EQ-5D-5L complications
questionnaire at (90 days)
week 12
Country Canada Italy
Publication - Front Oncol
2021 (Ref. 7)

survival and pain (2 months) vival (DFS) and

lymph node overall survival
counts (0S)
China Belgium China
Ann Surg - Transl Lung Cancer

Res 2019/2021
(Ref. 9, 10)

2022 (Ref. 8)
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Figure 3. Robotic left upper lobectomy after preoperative chemoradiotherapy for left N2 lung cancer. A. Pre-treat-
ment PET, B. preoperative chemoradiotherapy, C. post-treatment PET. D. Superior mediastinal lymphadenectomy. E.

After superior mediastinal lymph node dissection.
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Figure 4. Robot-assisted lung segmentectomy for lung cancer. A. Use of the Tile-Pro function. B.
Drawing of intersegmental plane by indocyanine green (ICG) near-infrared fluorescence.

Figure 5. Robotic bronchoplasty for upper right hilar lung cancer. A. Preoperative
bronchoscopy findings (tumor in the circle), B. postoperative bronchoscopy findings (ar-
row indicates the suture line). C. Robotic bronchial anastomosis using 3-0 Prolene su-
tures.
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Figure 6. Equipment breakage in robotic surgery. A. Bipolar forceps breakage, B. automatic sutur-
ing device cover breakage.
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Table 2. List of Representative Surgical Robots Expected in the Future

Regulatory

Company Country Features of surgical robot Name of robot

approval area
Intuitive Surgical USA Standard surgical robot with 4 arms da Vinci X, Xi All areas
Inc.
Intuitive Surgical USA Surgical robot for single port da Vinci Sp All areas except
Inc. intercostal approach
TransEnterix Inc. USA Haptic presentation, visual camera operation Senhance Assistance in

function surgical robot surgical system laparoscopic surgery
Medtronic plc. Ireland Surgical robot of multi-arm with isolation unit Hugo Urology
Gynecology
Verb Surgical Inc. USA Safety surgical robots with Al integration Ottava -
CMR Surgical England Small sized single-arm surgical robot Versius -
Limited
Avateramedical Germany Surgical robot with 4 arms, single-use forceps Avatera -
GnbH
Medicaroid Corp. Japan Surgical robot with thin articulated arm Hinotori Urology - Gynecology *
Gastroenterological
Surgery
Riverfield Inc. Japan Pneumatically powered three-arm Saroa All areas
surgical robot

A-Traction Inc. Japan Assistive robot for surgical instruments ANSUR Assistance in

laparoscopic surgery
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CADERIIEGE LB IN TR ETATH
0, BUEETTHT ORISR NG, £/, Ry
F MBS DIV PICEHE L TET2EH K
L., REAFOMPESETAR, BT & ofFEA5 T2 LTw
KD EELRBETH L. Ozeki LHAPIEML TWD X
I, FEERDOHEEIZH - 72 QI (Quality Indicator) & & >~
TA T LN, FlREEZa > ba—)L LTINS
B PN O P EZ IR L {ATo T 2 &b H
HThb.

0Ky hFHOFRES

BUE, RS =7 D 7~8 Hl % 5 213 &I 7 b
% \5® % # ¥ »F (Intuitive Surgical Inc.) D4FFD % <
1% 2019 4E F TSRO C, HIRFHLIEe Ry b o
RS e W A 1 Bl B AV - S BN 2 51 | A 1241 A )
g L2 &2 X D 7 ¥ > F & KIEC T 0l 2 AR 28 2 <
T TR EHIBLCWA. Table 2 ICHRRNfFX N5
REHTHLEO Ry bO—EA /R L7z BEET, &K
FBCIFIR ER/VRHEISC B W TIFIRRDS N TV % DI
¥ v »F X, Xi, Sp(Intuitve Surgical Inc.), Saroa (River-
field Inc.) D& T& % %%, Hinotori (Medicaroid Corp.) X
Hugo (Medtronic plc.) & FEFHHFEICONT TH#AiihTH
b. KA ERFEPELTFMLER Ry FE2hEL, FE
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F RO S, BN FAMIER TR Y v X5k
L ORI A > TE TS T EIEHEEW R,

MAOTFMEET Ry MR ET— 5 BEmS I
THEY, ARHERED XS T AT 7o %2 B 5 2H
MT& b, BT TIITINET Ry Ny EFTIEE
NA VT 7Y @ [My Intuitive] & WHIETEAioT 7
T— % ZWHUL LT, AFED R Fv L iGHERA O -
BHERT A2 E BRI > TWD., F22hbnry
7 57 — % 1% Al (Artificial intelligence) @ % J& & 3
(T4 =TT == )b &irb, HREZHREL L
NZAIDEEDRLVBTITONDLESLH. Lkkou
Ky bPAi A2 Z 2RI, PR Ry P22 o AL
X2 —32a UERBEZEAT L Z LAY, SFHEIC
EoTIRL PRICBEZZ I IR EEDbNS.
¥k, AM2BEZ FTuRy b LEEME oG % 37
LT, BETHEGNFTFHATEZ LS IIL2D0H
IR E v, SHROFMET Ry M2XY, #Hi
ZEAY Y B IND Z ENEFIN TV 5.

BHIC

MR RO B R Y NPT EIISE R L, WS <
IR LR HIEBIAERINTE 2 L Lad D,
WEZHFHEART T Y RGFEH SN T ARw, 1
Ky PFMORX) v N THDIFERARBIED, Lok %
NRAT 4 v MDD TPRIEDSEHIINS.

2T N ARHBFMLEO Ry POFH TS S
7 B 5B IINEEDS D B S, FRUEL e T T S il
b L, 2o T, MREAFIOFMNIE, b3 273
AVWFEKRICHDZE DD D720, FHHEPL X T4 AL
A5 v 7 O TS 2% & 5D H 5. HEHMED
fifE IR LCua Ry bR 2 v FANE2 S LU,
NBHEE BEOMIFIZE >TRERAY vy hEARD, 1
Ky FFMiE L DB RARRETA & LTS 572
DIZHRYTH 5.

AREG LNV RIS 2 35 OFGRAN © PR REEE [HY - 3%
HWHRIA Y F 2474 T =V A NEREE 271 haA K
Mt varvrzrrvary omar, HARNIE
[HY -Gk A T af 740 7 =Y VEREEHE, V=

DAV R S E VNS 7 5w o
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