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Exploration and reflection on robotic complex rectal cancer surgery
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Abstract

Key words

Complex rectal cancer often requires extended multivisceral resection beyond the total mesorectal
excision plane or lateral lymph node dissection (LLND) beyond the conventional range. Owing to the
deep pelvic location, limited operating space, and complex local anatomy, conventional open or
laparoscopic surgery is associated with restricted visualization, technical difficulty, and increased
surgical risk. With the advancement of robot-assisted surgical technology, its high-definition three-
dimensional vision, articulated robotic arms with multiple degrees of freedom, and ergonomic
improvements effectively overcome the limitations of traditional laparoscopy, allowing precise
manipulation in narrow pelvic spaces. These advantages have made robotic surgery increasingly valuable
in complex rectal cancer procedures such as LLND and multivisceral resection. This review summarizes
recent literature and the authors' clinical experience to discuss the feasibility, advantages, and limitations
of robotic-assisted rectal cancer surgery.
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Figure 3 Application of the robot-assisted NIR-ICG imaging system

A: Imaging of the inferior mesenteric artery and its

branches; B: Intraoperative imaging of the rectosigmoid blood supply during recurrent rectal cancer surgery; C: Proximal

bowel skeletonization and planned transection line; D: Fluorescence imaging for re-evaluation of the proximal blood supply

at the planned transection line; E: Completed rectal anastomosis; F: Fluorescence imaging for re-confirmation of the

anastomotic blood supply
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i B LA 24, AE OS R 5 Il 4 B &f . 2023 4F
2 VA BA RN PG 22 58 K57 — B )i = B 1A BRI & & 3R
T — TPl LA KT HG I i R LLND 7E i i I8 A7
L 9 AR ORI L A IR A 5 D g S
i 968 27 2% S 1 B OB AR B i 0 5, g g A
T 20154 1 H—2021 4 AR P2 LA
FIHE Ji 5% LLND f) 7% 229 61 35 205 61, Hopplge A4
95 i, REREBEdl 110 4. AFoE AR BL, Mlas N

i B 2H T R B [A] 8 K (225 min vs. 220 min, P=
0.001) , A i ifi 8 /> (80 mL vs. 110 mL, P=
0.027) , YSCAR A T3 bk EL 285 5 B A 2 (24 4K ws.
238, P=0.314), {HULIKAYES 263 4L ik B 45 b 50
WL (3K es. 24, P=0.037), FRWEEE &R EAK
(7.4% vs. 17.3%, P=0.034), IR A48 Th gk 2
I (67.4% vs. 86.7%, P=0.019); W52 2 [a] () /1]
Mg 2 a5 WA W 25 R R, HLaEA
LLND A %f F i i 85 LLND &% 4 H ol 4511, Jf-fig
WA T Z2 0 0 Ik EEL 4 R B G b R 4 8 IR A B T
fie. 2024 4F, — R H 615 09 &1 X 2F e ) 5
HLgE AR B 455 LLND Bl AR 39 25 SR ) Meta BF 5% 1!
WAEHGE , LA S TWF S 567 i A, bk
Z ML A s 85 LLND 43 %1 4 266 F1301 6] . 4>
Brag B mon, ML A8 I 55 41 0 5 T AR i (e
R (P<0.001), LLNDHF[EIAY (P=0.819), #%f{k
KA I RAREE D (P=0.046) , ¢ 2 78 IR B 5 1l
B (P=0.005) , RO 7k 55 £ (P<
0.001) . ZM5E B, 5K LLND A, Hlds
A LLND fig 3K BCs Z ) J5 bk B 45, H 8 RO & e
(CReBl i PRUE R ) BAEFFEML ., HLEF A LLND £ AR
FRFRPENEUE B 2 e s Bl X b, 3EL 22 1

*=1 HEAHELLND FAFRIIK

Table 1 List of studies on robot-assisted LLND surgery
PRSI 7k B
Mz DIRE i
ik 5K ) ARt e IR e O e
Heage Y o RO
€5'9)
T T T L
Kim, 44 $¢b%%ﬁﬁ%l}mﬂum? BB (n=50) ;ﬁ 6.615. 6.4 263 BB RR JHE RN
T 4 (n=35) ‘
L TN T e Eﬁ%#‘fﬁn
Song, 2514 B BT O S e ) i (egey  TRRRAER 43 iRl
TME+LLND P (1=29) A 50.4%) ; 0S i 1/:(92.2%
A vs. 65.0%)
14205 17 PRI ER K (34F)
HE ) B 5 3us.2
%wg%WJ§¢DEMﬁﬁ%:jz§iK§. BLBS AL (n=95) 1% WO SRAEFHT) ﬁggﬂj 380 RESHAHIN(T7.7%vs. 74.9%);
MR (n=110)  AEMKE THLF B 0S ZAH24(84.1% vs. 80.9%)
X . 567 141 o e
Chen, 25 Y I T U T R Lt o 2% — —
TME+LLND AL

M 2 (n=301)

VE: DALE LRI B 41 He g

Note: 1) Comparison between the laparoscopic group and the robot-assisted group
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ARSI E T RA L, 16 I 547 35 F R B [a] 52
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Hf % /> (547.3 min vs. 1 033.0 min, P<0.001) ,
ARG A BE A B 4E (153 d ws. 224 d, P=0.004) .
R T R TRD A 1L A B, 1 B R R TR i AR ZE BT
T, IBIEBEEE LT, H4eo B EE ZREUi#H
BB AEfF H R R R s . iR g R0,
[ ¥ 5% TPE 7 28 3o A 40 358 15 1% 280 o o3 28 3 v Bl
FREAAT HAZ AN, AR AR i L 45k
Wi 52 IsF [) R0 B B 1), (EL 28 AP R R 0097 A 7
b — W5 . 2016 4F, H AR SFFPIHGGE T — WX
F 18 1 5% PE T R 78 45 18 0% 1 i g b vl AT M Y F
5%, ZHFST I 40 A 2006 4E 6 H —2014 4E 8 A 47
PE F- R 1 67 91 7 v 3% Pk b Jeg | 3, I ks % PE 4
9, W RLIFHPELE 58 191, WESEAE R R 5 I
ML, BEIEHF ARG EAHRL (935 min vs. 883 min,
P=0.398) , Ao i 5> (830 mL vs. 2 769 mlL,
P=0.003) , Jf A4 A& A R RO KNE K AR FE AR
(66.7% H1 0% ; 89.7% F132.8% ), A J& 4 B i 4]
JE (27 dws. 43 d, P=0.003); 54955 B R, VI BR %
FHAL (77.8% vs. 75.9%) o %WF5E R H &5 5 1Y
F I ANBE B AR TEAT I I IR 8% PE TR J2 & 4 HA &L
) . 2018 4F — 3 3k [ PelvEx P 7 3 H £ Meta HF
P, B AN S R TPE FARMES R . it
FEAA T 4T B4 LA e S B A e DR

EsE, 170 @ 8, HA I b 78.1% (n=
133), fhBIdl & tb 21.8% (n=37). W55 R BIR,
SR, A FOREF R T 83 min (P<
0.001) , HAR s e 7 Wl & 8 4> T 1 750 mL; £
B 20 I & 5 Kk A% K 56.7% (n=21/37), i FF 4
1 88.5% (n=85/96) ; 3 I 43 A1 b 7R FF A 30 d &
A I R RE W AR R XUBS: BE i 1,17 (P=0.172) 5 fs i 41
fR AT B 5 TB] S ¥ 45 %8 7 6 d (P=0.04) . iZHF 97 %
WY, 76 e B 2R 0096 ) b, A TPE 2 AT AT Y,
(1SR DT Al N R 1= AN e el S T N DS
&I R AE KB, 2021 4F, ENE A FPIRGE T
— T X} e IS B ] PE TR ANRE B i 2% 25 1 )
o] JBs P A 5T . I F 9T 40 A 2013 4F 8 H —20204F 9 H
Kl LARC (fRACWA IR A= FH 4% ) Wi 4% 32 PE F AR 1)
B 158 i, FHP LBl 61 B (HE BT 44 B+ ML
a N 17 6)), FFie 97 5 96 452 T TPE F K,
62 B4 % T PPE F R o B A 241 F AR i ) 2 5 0 K
(640 min vs. 450 min, P<0.001), A i i & 5 >
(900 mL vs. 1 600 mL, P<0.001), [ #4510 8k e &
H AL (82% vs. 17.5%, P=0.020), 1F Bt i} 8] 3% A&
25 (11dws. 12d, P=0.620); R,VIERFEMHIEY]
B 1 % 0912 1 1 L AH AL (88.5% ws. 91.8%, P=0.490
F13.1% vs. 8.2%, P=0.342); i 2 45 J 05 1 5 40
Y, 34F0SHEILER (79.4% vs. 60.2%, P=0.251),
34 RFS Y J5) #f RFS 2T 2 5% (51.9% vs. 47.8%,
P=0.922; 89.7% vs. 75.2%, P=0.491) ., {£Z£ 7% &y
Mrp, BRGNS RISEAEW, HACMIT
Wb GRS | 1R 28k A 4 2E TN T B O I R AN
JEWRE RFS 2 0 2023 £ HEH NI &£ T
—I0 B 7E B IR IR 8% PE T RIG YT LARC B9 n 471 |
UMk BRI AL R Y . AR T 2010 4F
1 A—20214F 12 H EW 2 K KB L, ZARATBG
2 EUR R Y kL e 9 4= A0 TME )22 T LA Ak
DL AR AR SR 3 4 4L E 2% 1) LARC (cT4b) 8232 4
i PE A VA IT 09 331 173 6] LARC #8 3%, Hod ig i
BEZH 82 5, FrLAL o, MR RE IR, H5IF
A AL, MR SR F R B R R A (3193«
129.3) min vs. (417.3+155.0) min, P<0.001], A
o i & B /D (175 mL ws. 500 mL, P<0.001) ;
fifgd R, VI B R A Y (98.8% vs. 94.5%, P=0.214) ;
i i A 2 BT R A 0 B E & AR R O AL (18.3% ws.
7.4%, P=0.005), FPcH B (12 des 15d,
P<0.001) . MR z&s i, R4 1. 3. 54F
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R 91.2% . 68.9% F157.6%; MENEEEH 1, 3. 54F
REFS 35350 82.8% . 64.9% H159.7% , FT it 41 W] 43
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JR B A R N 5.1% R 14.1% , FFHCAL 4 5
8.0% M 151%; LI LE WA HLE, ZRTEZEITFE X
(¥ P>0.05) ., ZMREYN, SHBEFARMLL, B
JE 555 PE I A B AR T AR AR A 1 03 109 e 9o 2297 4,
BB F 4658 F AR sl AR b i gL R AR
L AR W 9 & RE & A % R 46 A B i R) A
CIET

2014 4F H A 2% 3% Nanayakkara 5155 YR i 18 #L
e N B PEVIBRAR o U5, AH G [l ot 1 F 5% LA K
I (9 F B A 4RV L, HLER N PE F R L MM 17
PEBE A WIS BIESE . 2016 4F 36 [/ MD % 8 75 94 5
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36 il B E, 226147 T Z MR SR, ]
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(13/22), 18 fI#EAT T RSN L Z5 G WFoE 4
BB, AR N R, KEHAEE
TME; " fEBErE A 4 (3.0~55) d, 6% & &
H Clavien-Dindo 3 & it 73 B I 3 K AE, B H WL AY
JEURER MR (13.8%) 5 54 RHE K FE K 3.6%; %
WFFE R W], HLAF NG B B 98 AR A RECG 3  itk
EL S5 H B PE 2 0T, JF BT & E & A4 R A ]
HZJE N, 2017 4F H AR 22 H R A T — T HLAE
N %l B PE 7€ LARC v (9 22 4 M AT A7 1 i BF 52
ST B ERAE 2 BT T 2011 4F 12 H—2016 4F 12 A 4%
Z WL NG B PE VR YT B e i fR s 3 31 ). DIBR
REZMME NHER (1206, 38.7%), H K M
HIRgE (10 ], 32.3%); 20 (64.5%) 47 LLND,
FAR AP AL E] A 394 (189~549) min, A rhAifi
Itk 41 (0~502) mL. 1168 % (355%)
AR JG I EAE, R WO EE IR R (56,
16.1% ) , H JC# #& % 4 Clavien-Dindo 3 % 4iE 43 2%
I~V ™ 5 I R . g R Bow, Hlas A
HBh PERIT e % 4 HAOR B RTA7IR . 20224F,
KR 2F kR T — TR HLEE B TME F
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SVERIBFSE . ZIFSE A 201547 H—20214E7 A,
% FE B 12 ML 2 A TME U 55 /9 )5 & PE s 8 &
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P 5 A e e 24 51, MR A B B AR 19 A1)
SV WLIRIEE 2 45, AT TTSEER A 1, DL KR
05 B BR R B AR AR 2 615 T B TR )RR
P IANBIEEERT, QMR AEBARS (n=23).
NP (n=3) AVSEH (n=2). FFEE55 0
N, EHFAREHE R 370 (285~424) min, A H R f
Hi I A 400 (200~2 000) mL, HAEAE BE A
H16 (9.3~238) d; K5 JF & GE B H 14 B
(583%), 18 (33.3%) K Clavien-Dindo 3 &
fiE 3 ML 2% J LA b JF & RE 5 2346) (95.8%) &
ARV ZEPAL10 (7~23.5) 4> BED7 ],
5Pl A (208%) RERGWMRE LK, HREIE
WA K. ZMF IR, HLEF B TME TR H F %
KMk R AT e A P R R T AT Y . 2023 4F
PO BE 2 2 3 0 e K — 3 6 F LA A FRIBIT LARC
(T4b) K Jmy 3B 52 K 0 B 1 98 R J5 25 Jsy B v 30 e 9
SERCRIG [ B ST, IR IE AN AT B 11 4R
110 2 27 Bl g B U0 Bk L BE R 45 50 T4 19 h
A7 B W & 3 41 i, Horp 24 6] (60% ) 75 it
1 PE. WFT 4 F WoR, fEBEPALEE 13 (7~
27) d, 30 dAET %K 7% (34]); 85.4% 1% 1
(3561) 3K R, VIBR, 6B B YT & BH %5 2 4F
DFS 2 H1 0S Z& 43 9 K 72% F 85% , Jai % 52 & 8 14l
(222%) o ZWFFER, HLEF AT AR T Jm 58 0 5
T4 H e X 2 2 B A VIR 222w 170, Mo
HEE RSO R R E ST R M . 2024 4F & %
() — T Hy 5 1 7 e L A AR R 0 22 Sk 1 [ B &2
D BFE, B 7E BT LARC % 42 2 WL e A
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FE A IV 30 dFET- RN 1.2% (n=2); R,
B 92.9% , WAL BETI )R 344 H, mAbE K
354 (20.8%), iR K 150 (8.9%); 1. 3. S4F
0S Z 439 K 91.7% . 82.1% F176.8%; 1. 3. 54F
DFS #3 5 K 84.0% . 74.5% H169.2% . %W 5% 57w
PLAER A TME 7E 45 R R4 40y, nf s 4 & 1Y)
R,V ; OSFR Y, DFSFA[ %, Hl4s A PE
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Table 2 List of studies on robot-assisted beyond-TME surgery for complex rectal cancer
. % JERAERAER RIE30dN R VIR
2X > | S > B 2L o = (7
ik biEresiil ELYNR] () AR (%) - (%) () Jihea =745 R (%)
i TME (1) 35t e 4] A MR YIBR (n=22) 5
Shin, 215! rgy [ B A 36 N . M. 16.7 0 100.0  SAEJRHE K% :3.6
i HACRIBREE e i ZBIMIE L5 (n=18) P
L TME [ )5 &

%% :33.3; 104~ H /i &2 & % . 0;

Larach, % Zrup bl RERMERRE 24 BRGAERRDIBR (n=24) * 0 95.8 I E‘jﬁgiii

V4.0 REMEE K208
S e
. T4b K Jai i 4 % P RYIBR (n=17);
Gomez, 4515 NGNS - 41 M~VZk:37 7 854  24EDFS:72;0S:85
omen, S HRLEIIE A D2 DI (n=24) * *
1.3.54F DFS:84.0.74.5
. 1144 :27.3;
Khan, %! L EEYE T4b B 168 H#TME FA (n=168) V239 1.2 92.9 69.2; 1. 3.5 4 0S:
o 91.7.82.1.76.8
. PRI (n=35);

Garfinkle , %5191 Z2rpu [l i %;g;g—f& 2 BRGNS YIBR (n=22) ; I~V%:48.6 1.4 93.1 22 HJRHHE KH:13.8

M7 LS5 (n=20)

1 : 1) 8 Claven-Dindo Jf & 443 Z%

Note: 1) According to the Claven-Dindo complication classification
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R3. R4, HiBhfLA. B (& 4). (1) MLAE #AFEFL
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M EEMEFLR2: S mm 48, BT ABE TL, F
Ko (3) MLAR R #eEFL RS (5L fL): 8 mm [
7, BEREd, BTHA L 2~3 emib . (4) HLAK
EEVEFLRA: 8 mm [142, B TS5 4 85 i L%
bk, G)HEBIFLA: 12 mm O£, B T4
KV LT 2 em, EESEMESLR. R4RIFEE
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AR A T R R A I R AL . AR R
M, PARIYAr Xi RG Rm6l, 155 4 4 Todt
(RNEEREET-5 ), 25 20307 XU HLEE 1Y Tt

Gil i, 358 ik, 4 S B M DR
EX
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TR AN I SO0V L . BRSSO
AN VKR Sk o B, TR P L P LA T B U S A e
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Wl W An A B Ul B, B 28 & HLEE AN LLDN F R
1] (E5) . Bl NFARE RS, B RF LU
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HE DR ) Al i i e A A D) R B i Az A R 1021
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A B AL

A2,
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T -

4 #1858 N LLND Trocar T B /%
Trocar deployment method for robot-assisted
LLND

Figure 4
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E5 #2FA%EI LLND

A BEEAEFEMIE 3T B W5 283 Ik AS; C: 283 M AR MERIZEM; D:

RN B BERF RS 263 LKA F: LLND Ja #1454

Figure 5 Robot-assisted LLND

A: Exposure of the three lateral compartments of the pelvic cavity; B: Dissection of the No. 283

group lymph nodes; C: Anatomical structure after dissection of the No. 283 group lymph nodes; D: Exposure of the

branches of the internal iliac artery; E: Exposure of metastatic No. 263 group lymph nodes; F: Anatomical structure after

LLND
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El6 #lzFATPE
Figure 6 Robot-assisted TPE
Repair of the pelvic floor with biological mesh
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pool; B: Robot-assisted suturing for hemostasis

A: BWHIIRE; B: BEEAPS; C: TPEJT “Z#M"; D: AW BAEIR
A: Transection of the ureter; B: Exposure of the APS; C: "Empty pelvic cavity" after TPE; D:

A B K A B

Figure 7 Management of internal iliac vein bleeding during robotic surgery
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A: Intracilical vein hemorrhage forming a blood
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