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Comparative study on the efficacy of superior rectal artery preservation versus
high ligation of the inferior mesenteric artery in laparoscopic radical resection of
sigmoid colon cancer
Zheng Mingye, Yang Bo, Li Yongxiang
(The Department of General Surgery, The First Affiliated Hospital of Anhui Medical University,
Hefei 230032)
Abstract Objective To investigate the short-term clinical outcomes and long-term prognostic

value of preserving the superior rectal artery (SRA) versus high ligation of the inferior mesenteric
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artery (IMA) in laparoscopic sigmoid colon cancer resection (LSCER) for sigmoid colon cancer
(SCC). Methods A retrospective comparative analysis was performed of 316 SCC patients
who underwent LSCER. Patients were divided into the SRA preservation group (Group A,132
cases) and IMA high ligation group (Group B,184 cases) according to the vascular management
strategy. Short-term clinical indicators and long-term follow-up outcomes were compared between
the two groups. Results There were no significant differences in baseline data between the two
groups (P > 0.05). The mean operation time of Group A was (190 £61.9) minutes, which was
significantly longer than that of Group B [(165 +49.1) minutes, P < 0.001]. However, Group A
demonstrated significantly shorter time to drain removal, time to first flatus, and postoperative
hospital stay (P < 0.001). No significant differences were observed in intraoperative blood loss,
number of lymph nodes dissected, or incidence of anastomotic leakage (AL) between the two
groups. Long-term follow-up results showed that there were no significant differences in 3-year
overall survival rate and 3-year disease-free survival rate between the two groups. Conclusion
Laparoscopic sigmoid colon cancer resection with SRA preservation is safe and feasible for the
treatment of SCC. Although the operation time is slightly prolonged, it can effectively promote
short-term postoperative recovery without affecting the curative effect of tumor resection or
long-term prognosis, and thus has important clinical promotion value.
Key words laparoscopic surgery; sigmoid colon cancer; superior rectal artery; anastomotic
leakage; inferior mesenteric artery
Fund program National Natural Science Foundation of China (No. 82372646)
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2022 = [H bRy fE W 7SR (international agency for research on cancer, IARC) &5 fifi
i, 45 B %¥E( colorectal cancer, CRC )J& tH FL 58 = Ko WAE, /2 FEUREM CILT-IEH
TRIERMN, R R, ARG (sigmoid colon cancer, SCC) (A7
s BRI AR, 7 RIE REIk (inferior mesenteric artery, IMA)  Qiff &b — B
ST AR RS L, AN, fRAF B L Bhik (superior rectal artery, SRA) RE% 1
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1.1 BB

ARG B BB FURT 7, W8 2017 4 12 & 2022 4F 2 IR BIERIR S5 — &
BB B A RHMT BRI B T LIRSS e ARG R ) B E TR AWF 3L 316 1] SCC i .
132 i F AT R B SRA ) D3 M ELAHE IR (R ME AL, A 4l), 184 FIEFAT IMA R4
R (RALgHd, B4 - FARYBLTINFELS EWE T ARSI @SRRI SN, X
S SRR T PE = e Z /0 10 SEMIRIRG S . BT F AR b E 4 B2 T e m
BT . T BFH S F SR R

NFRE: O BN (18~80 %) ; @ RETmE I AHEIZ W N CREE W le (I
15~45 cm) ; @ H—kk, AT CT KA TLHE. MR @ FEpREE
JTith<s (American society of anesthesiologists, ASA) BRI 7> <4 2%, VFA5 G RES T 52
FAR. fHrtrE: © QRGN RMERE; @ I EL. iThaekais LM T AR
ik, HERTNGTARESE: © RuTfTibsT: @ R IRER S ESTIR: © RiTkE
BEERGREHRRBEERAMTT; © RPPEIFBETFR,

FEFARHT, 107 LN PP R A HL AR B DL K S8 B B AR IR L, DA E d B & i T
A7 Gl A mEE IR EE A g RS, 3T FAREAE.

12 ARETAARSE BEEH

ARATCERAN N 8 IR PR BERHRFAE , GG PR L AR08 L 145 & 76 % (body mass index, BMI),
EIRIHA (NRS2002) 1F4r. ASA W4, IfliEEMBLE (carcinoembryonic antigen, CEA) .
M PS40 R 19-9 (carbohydrate antigen 19-9, CA19-9) . MMM E A MIEAEH. Ut
EARPTIRR, BFTARMK PAREME ., KPS UL TR . 2 REKERR,
BFEAN K. ZRESIRE N REER R, . LRI K28 Cclinical
tumor-node-metastasis staging, cTNM) o HH, $RERGIRE FIE £ 2R 5 TR 51 R e
RS R . S SRR T 50 mL/24 h HE/D4ekF 48 h 5, BHIRGSIRE, £
IR LB B S I SO MR BIR . AW BEER 5 R, BHEHEE T/ N 203, e o ik
PR, MR K EAR . RIEREE . MESEREE . AoMaRIN. A LikEmit.

[l DG B3 AR 5 HEAREAE L, TR AL ARAEXT I PRAL R 525 AL f ™ AR
JEREAT 3 . A P AL X ERE R A, T B % AL i ERUREIRIT 10, (HICH 1
DT IGRIFT AL EE, C 2% AL T3 FRHATFIE . FIRHE SR HARA S I RRE, WA S ARER . U] 1 &
oot FiREG. RBRE KRS . RS 30 d I AAEMRYE Clavien-Dindo 434 R4t



NI~V . PrfEFE LB R RIS EE, MY HBE 2025 45 2 H 27 H. WEBRET
EAARMER RS, USREHEZARELIT .
13 FARFR

TR S R, BFORTAL, WHRA M. ERE TR, THi
Kb BT A8 FAL T AT IF ZOREE 1 R ZE o 8T 2 AR , 5 I35 ) 40 9 25 1 R
TEIBARER, Wi R BRSSO, (R B Lahbk, A4 iash
ik ZRGE R Eh ik B He B #8952 T UA Hem-o-lok & I, 54k IR 4L2, a4l
Ut i 2R K, T AR B Hem-o-lok B E VI (B 1) o 1E IMA S 53T R4,
T R SRR = A2 253l . PIALTF ARSIV HTE5K A7, I 58 i Of 2 16 0 B9 )z
AR )% . R AT A I M B ) S im v, InE V)& D s rbseiE s, JFcmiIa.

B 1 REER 3K 2 RE BRE AR AT 5 mE X
Fig.1 Vascular comparison before and after ligation in SRA-preserving sigmoid colon cancer
radical resection
7E: A: Surgical approach with preservation of the superior rectal artery (before ligation); B:
Surgical approach with preservation of the superior rectal artery (after ligation).
14 Gt
KR 432 B AT HEIE G 0. EERBEUX LSRR, 2REE n(%)ER.
SE AR FCK ] Student’s t 4836 5% Mann-Whitney U 4636 (i 2H 18] 55 Kruskal-Wallis H #6556 (£
A, rRARERMRITRREL Fisher FEIA K (IS HIE<S ), SFHAZEH AR
3. EFEOHTRA Kaplan-Meier VEAEH ARG 1. 2. 3 HEH4EFEZF (overall survival , 0S)
KIIRAEAFR (disease-free Survival, DFS) , AR LR A Log-rank K56 . J8 i B[R =A%
N Cox [BIA 5 # A] BERLIE 4 A UG OS Al DFS HISEIG R &, # ot T IR R adr, Kl
H P<0.05 AR & Mk T Im AR A SSPE AR BN Z R SRR, DLRGI L R ZR IR IE S
FIRENIE . FT A SEH R 0, A3 K#E o= 0.05.



2 4R
2.1 HAZELEFERXTLL
PR B E TR il BMIL B FEIHA (NRS2002) ¥4r, ASA VP4 I8 FI1E.
MiEAE A ME CEA. L& CAL9-9. FA SIS 7% RT3, BA M.
W3 1.
K1 FHBEELERXE (%), X£s]

Tab.1 Comparison of baseline characteristics between the two groups of patient [n(%),

Xts]
Group A Group B 21z )
Variables
(n=132) (n=184) value  value
Gender (n,%) 0.057 0.811
Male 77 (58.3) 111(60.3)
Female 55 (41.7) 73 (39.7)
Age (year) 61.5+10.5 61.5+11.2 0.018  0.986
BMI (kg/cm?) 23.843.50 23.243.58 1561 0.120
ASA classification 0.292 0.863
I 50 (37.9) 72 (39.1)
I 64 (48.5) 84 (45.7)
1 18 (13.6) 28 (15.2)
ASA classification [M (P25, Prs)] ** 2[1,2] 2[1,2] -0.015 0.988
NRS2002 classification * 0.418
0 54 (40.9) 63 (34.2)
1 65 (49.2) 96 (52.2)

2 12 (9.1) 20 (10.9)



NRS2002 classification [M (P25, P75)] **

Hypertension (yes)

Diabetes (yes)

Cardiovascular or brain diseases (yes)

Level of hemoglobin (g/L)

Level of plasma albumin (g/L)

Level of CEA (=5 ng/mL)

Level of CA19-9 (=36 wmlL)

The distance from the anal verge (cm)

close to the SD junction (15-25 cm)

mid-sigmoid colon (25-35 cm)

close to the RS junction (above 35 cm)

cT classification

Tl

T2

T3

cN classification

NO

N1

N2

cTNM

1(0.8)

2[1,2]

52 (39.4)

17 (12.9)

10 (7.6)

129+21.1

42.843.68

35(28.5)

10 (8.1

23.747.69

99(75.0)

23(17.4)

10(7.6)

20(15.1)

24 (18.1)

88 (66.7)

80(60.6)

42(31.8)

10(7.6)

5(2.7)

2[1,2] -1.55
54(29.3)  3.044
19(10.3) 0275
21 (11.4) 0.882
131#8.0  -0.719
4314433  -0522
42(23.9) 0576
14 (8) 0
2264653  1.318
147(79.9)
27(14.7) 1.16

10(5.4)

0.184
27 (14.7)
37 (20.1)
120 (65.2)

3.218
113 (61.4)
47(25.5)

24 (13.0)

4.021

0.142

0.081

0.600

0.348

0.473

0.602

0.448

0.189

0.560

0.912

0.200

0.134



| 22 (16.7) 47 (25.5)

I 61 (46.2) 70 (38.0)

i 49 (37.1) 67(36.4)

VE: *:Fisher's exact test; **:Wilcoxon rank-sum test (Mann-Whitney U test).
2.2 FARIERFBEA 5B HLB

NHEFHFARMKGRFIAR GRS WER 2 PR FARMKERI M, PFpFART K
FEAR P H AR g H B2 R IR Egiit s . R/, A AEFARNEZEKT B 4
(P<0.01) - PIPBAFIIIRARIR B R AR P A RS A AL B AR JFE K ED
(P<0.001). A HMIAREERESIRERK (P<0.00)fAJFEREKE (P<0.001)#)/0F B
Ho W& 2,

x2 RPEREHELE (%), X+5]

Tab.2 Intraoperative and postoperative recovery [n(%), X £S]

Group A Group B PaA:
Variables P value
(n=132) (n=184) value
Operative time (min) 190461.9 165449.1 3.831 <0.001
Intraoperative blood loss (mL) 46.44+13.2 50.3+125 -1.309  0.081
Blood transfusion 4 (3.03) 4(2.17) 0.724

Postoperative  gastrointestinal ~ function
2.6340).65 3.0740.81 -5.35  <0.001
recovery time (day)

The drainage of cube duration (day) 7.2041.62 8.23+1.93 -5.14  <0.001
Postoperative length of stay (day) 7.83+1.69 9.26%2.09 -6.07 <0.001
Overall complications 16(12.1) 34 (18.5) 1.879  0.170
Anastomotic leakage 4 (3.03) 9 (4.89) 0.285 0.593

Grade A 3(2.27) 7 (3.80)




Grade B

Grade C

Anastomotic and abdominal bleeding

Wound infection

Pulmonary infection

Urinary infection

Venous thromboembolism

lleus

Clavien-Dindo classification

surgery cost (yuan)

1(0.76)

2 (1.52)

2 (1.52)

6 (4.55)

0(0)

1(0.76)

1(0.76)

11(8.33)

3(2.27)

2 (1.52)

0(0)

4 323+ 002

2 (1.09)
0

4(2.17) *

2 (1.09) *

10 (5.43)  0.009

3 (1.63) *

2 (1.09) *

4(2.17) *

15 (8.15)

14 (7.61)

4(2.17)

1 (0.54)

4 5024952 -1.602

1.000

1.000

0.924

0.268

1.000

0.405

0.360

0.110

1. *:Fisher's exact test.

PANIETT BAAI 3 AR J5 I RE VRl . S 50 BIRFS I &E, b A 4 16 4, B
344 BRI S, A ARG R A 30N 4.55% (6/132) , KT B 41 5.43% (10/184) ,
BZERICG 2R L T, A HREFRF 0.76% (1/132) , FFKT B 41 2.17%

(4/184) , ERBLGIFEIL, HRFAEROIIERTRIT B . WAL RAE,
D) VB T K R AR SRR A, 2 RS L. R He Clavien - Dindo R4t
FRIE T AR LT 73 . A LRI B 253 45 87.6%H1 85.3% M) B K A I~ A 5 I AE .
PIANBABI ) 7 B 2.22% ) 3 F5 Eik— B F R T RLR T HoOR o, Hoh B 4 2 6, RJ5
B NESE MR 55 . RJGTCIET B PN R A R N3 3. WIZH SR 3 7E R K
ANCAZUEME TNM 0L R EETEREE . MR, BKE ARSI 2 B o gt



R3 WELER n(%), X=*s]

Tab.3 Pathological endpoints [n(%), X *S]

Group A Group B A
Variables P value
(n=132) (n=184) value

Tumor size (cm) 3.59H.49 3.60+.48 -0.083 0.934
Tumor differentiation 0.343 0.843

Well differentiated adenocarcinoma 14 (10.60) 17 (9.24)

Moderately differentiated adenocarcinoma 111 (84.09) 159 (86.41)

Poorly differentiated adenocarcinoma 7 (5.30) 8 (4.35)
Vascular invasion 41 (31.06) 62 (33.70) 0.138 0.711
Nerve invasion 61 (46.21) 95 (51.63) 0.699 0.403
Retrieved lymph node 14.844.51 14.643.95 0.433 0.665
Metastatic lymph node 0.95+.94 1.2742.69 -1.198 0.232
pT 6.986 0.137
Tis 10 (7.58) 5(2.72)
T1 12(9.09) 25 (13.59)
T2 22 (16.67) 34 (18.47)
T3 87 (65.91) 115 (62.50)
T4 1(0.76) 5 (2.72)
pN 5.218 0.389
NO 82 (62.12) 115 (62.50)

Nila 17 (12.88) 22 (11.96)



N1b 19 (14.39) 16 (8.70)

Nic 3(2.27) 6 (3.26)

N2a 8 (6.06) 14 (7.61)

N2b 3(2.27) 11 (5.98)

pTNM 3.233 0.199
| 25 (18.94) 50 (27.17)

1 56 (42.42) 65 (35.32)

n 51 (38.63) 69 (37.50)

2.3 AL REBEHR

PIZHAE 13 B(4.1%) B K AEAR G AL, A AR RAE AL IEIECH 4 4 (3.03%) , R
¥ AL 5344, 44~ AL A 34N AL, 1A B 24 1 B AR5 R A2 AL BI85 9 1~(4.30%),
Hp 74N A, 2408 B . IR AL I RAERE B S # 257 (42=0.285, P=0.593) .
A B AL B2 588 IRTFARBA IE T X T A 26 AL, Frfa B 82 BB N EIR T
AFREE T RIERIE 72 3. W F B 4, BR A GURIIRIT T E5h, BB A K FRI5
MAMPUAERIGIT . 4 PIRFWBRITEHANESGE, BB REREE. B, WA B HEH
TEBITE TR AT KIVIE I E B &AM A TR Re D IR AT IR SE T, fE
BFN A PRIFEE BT, SR FRISHRARISHN AL 153 R AR e B R
R TR, AT RS T E .

H5ARJE AL MG R R 2 R R T 45 RIWE 4. R R MITRR, RiTEEE I
PR A QMNP J ASA TRAM2 AL BIfER R . 0B MEIE T 2R, ASA
W5 ARE AL FIRAEM*K (OR=4.62, P=0.035) . W% 4.

x4 REYWEDRWRAEREZEERSN [n(%)]

Tab.4 Univariate and multivariate analysis of postoperative anastomotic leakage [n(%)]

Univariate analysis of postoperative Binary logistic regression

Variables anastomotic leakage analysis

AL group Non-AL Group P value OR 95%Cl P value



(n=13) (n=303) Lower Upper
Age
1 - - - -
(year)
<65 7(53.8) 174(57.4)
>65 6(46.2) 129(42.6)
Gender 1 - - - -
Male 8 (61.5) 180 (59.4)
Female 5 (38.5) 123 (40.6)
ASA Score <0.001 4.62 1.08 19.15 0.035
I&II 6(46.2) 264 (87.1)
I 7(53.8) 39 (12.9)
Diabetes 0.005 251 0.61 9.64 0.185
No 8 (61.5) 272 (89.8)
Yes 5 (38.5) 31(10.2)
Cardiovascular or
0.017 1.52 0.33 6.24 0.57
cerebrovascular diseases
No 9(69.2) 276 (91.1)
Yes 4(30.8) 27 (8.91)
Tumor size (cm) 0.728 - - - -
<5 10 (76.9) 243(80.2)
>5 3(23.1) 60 (19.8)
PN 0.227 - - - -



pNO 6 (46.2) 191 (63.0)

pN+ 7 (53.8) 112 (37.0)

2.4 B

ABARIEE % 18 #I( 13.6% ), B HARJFHE K 35 41(19.0% ), PWHEKIHEN LG+ %
EER (*=162, P=0203) . AAEEN 1. 2. 3ETLIRAEFRSHN 95.4%. 91.7%HF!
83.4%, LAEAFH HFIHALECN 27.4 N H, BN 19 AN 10 20 3FEEFRIHN
96.0%. 92.4%7H1 90.0%, & AEA7 I B A7 80y 30.6 M, F/h 6.3 M. B AL 1.
2. 3ETIRAELR AN 95.6%. 90.5%H1 76.1%, JoiiEAFIS IH (IR A 40 21.0 M H .
N LIAH: 1. 20 3ERAAFES N 99.4%. 94.7%F1 87.2%, J EAFI AR ECH
2301 H, w554 H.

A 415 B 47E OS Fl DFS 2 R4 T0G0ih 57 3o B U7 I 1] o 20 1) 583 R S 16 A A7
K. TR ZRME R Kaplan-Meier 31447 mh 2k LA 1.

BRI Z Cox [T o, IR T 20301 (pT) « BEF i« iR ELAR MM B 4 36 7 (pN+)
HARJGSMAEFARREMG. BREEDSITHHE B ERPNZ R Cox Hfl KR AR
ITRIERS, MR T o e e AR R L I . SRR RN 2 R R s
FHEE, oA R ML TS R ROk S5 R . MR T IR AR . LR 5. &
6.



B2 A#4E B4 OS K& DFS H#

Fig.2 Comparison of OS and disease survival between group A and control group B

R 5 BWHBREBEFRR Cox RS

Tab.5 Cox regression analyses of patient OS

Univariate analysis Multivariate analysis
Variables 95% ClI 95% ClI
P HR P HR
Lower  Upper Lower  Upper
Surgical approach 0.482 0.77 0.38 1.58 - - - -
Gender 0429 0.75 0.36 1.55 - - - -
Age (=65 years) 0.538 1.24 0.62 2.49 - - - -
BMI (= 26 kg/m?) 0211 163 0.76 3.53 - - - -

CA19-9 ( = normal) 0213 196 0.68 5.66 - - - -



Vascular invasion

Nerve invasion

pN stage (N+ vs NO)

pT stage (T3)

Tumor size (=5 cm)

0.025

0.354

0.005

0.005

0.015

2.24

131

2.80

5.42

251

1.11

0.69

1.37

1.65

1.23

4.49

2.78

5.73

17.8

5.18

0.62

0.19

0.046

0.061

1.25

1.82

3.53

2.01

0.52

0.74

1.02

0.97

2.97

4.49

12.20

4.16

® 6 WHARETLWRAEFER Cox HIRT

Tab.6 Cox regression analyses of patient DFS

Univariate analysis

Multivariate analysis

Variables 95% ClI 95% ClI
P HR P HR
Lower  Upper Lower Upper
Surgical approach 0.947 1.02 0.57 1.82 - - - -
Gender 0.817 0.94 0.54 1.63 - - - -
Age (=65 years) 0.601 1.15 0.67 1.98 - - - -
BMI (= 26 kg/m?) 0.199 1.48 0.81 2.27 - - - -
CA19-9 (= normal) 0.163 2.14 0.96 4.77 - - - -
Vascular invasion 0.003 2.24 1.31 3.85 0.898  1.044 0.54 2.05
Nerve invasion 0.075 1.65 0.95 2.89 - - - -
pN stage (N+ vs NO) 0.001 3.42 1.94 6.04 0.009 2.55 1.26 5.15
pT stage (T3) 0.001 4.67 1.99 10.92 0.01 2.93 1.20 7.17
Tumor size (=5 cm) 0.005 2.26 1.28 4.01 0.004 1.80 1.01 3.23

3 i



IMA 1ER ARG 1 Je B A% AR Il I, 3o 7332 78 45 3l ik Cleft colic artery, LCA) .
AR aBhik (sigmoid artery, SA) J& SRA (R FE 5l BB FAREE . A i gh
L UMA REEEH) SIAEH (LCA Jr3cimimaidl, RE LCA) HIEHF, 0%
BT AL WU T RO R 2 TS = R

MR AL, C AR SRA Be IR IR i ZRE W e Bl b BOREVE, T fE A 2 2
AL RAEM SRR E . Higashijima et allPhf i S2i 586 4 IEsE, IMA mhigifl4 S8
CRGE iR MR REE AL, (HIZGETRE S AL RAEZRKAHRME WAL RILR, R
P E BRI E IR AL M40 BURRI R . 1R IR R I 78 87, 5 IRE SRA 5 AL )
RAERZ A MG 2. WREEEE: 5%, Wd D ERD> A2 38 AL
fonfE— A3, BEAERIBETEH, SRR, PRI BMIL BEIRIR . TR IA] R 8 A 25 45 vl g
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