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[ Abstract] Objective To investigate the clinical efficacy of radical resection of rectal cancer
with different surgical approaches and influencing factors of postoperative complications. Methods
The retrospective study was conducted. The clinicopathological data of 3 418 patients who underwent
radical resection of rectal cancer in the Second Affiliated Hospital of Harbin Medical University from
July 2011 to September 2020 were collected. There were 2 060 males and 1 358 females, aged (61+
11)years. Patients meeting the requirements of radical resection and surgical indications underwent
surgeries choosing from open radical colorectal cancer surgery, laparoscopic radical colorectal
cancer surgery, and natural orifice specimen extraction surgery (NOSES). Observation indicators: (1)
intraoperative and postoperative conditions of patients undergoing different surgical approaches;
(2) comparison of preoperative clinical characteristics in patients undergoing different surgical
approaches; (3) comparison of postoperative histopathological characteristics in patients undergoing
different surgical approaches; (4) postoperative complications of patients undergoing different surgical
approaches; (5) analysis of influencing factors of postoperative complications. Measurement data
with normal distribution were represented as Mean+SD. Measurement data with skewed distribution
were represented as M(range), and comparisons between groups was analyzed using the Kruskal-
Wallis rank test. Comparison of ordinal data was analyzed using the non-parameter rank sum test.
Count data were described as absolute numbers or percentages, and comparison between groups was
analyzed using the chi-square test. Multivariate analysis was conducted using the Logistic regression
model. Results (1) Intraoperative and postoperative conditions of patients undergoing different
surgical approaches. Of the 3 418 patients, 1 978 cases underwent open radical colorectal cancer sur-
gery, 1 028 cases underwent laparoscopic radical colorectal cancer surgery and 412 cases underwent
NOSES, respectively. The operation time, volume of intraoperative blood loss, cases with permanent
stoma, preventive stoma or without fistula, time to postoperative first flatus, time to postoperative
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liquid food intake, cases transferred to intensive care unit after surgery, duration of postoperative
hospital stay were 145(range, 55-460)minutes, 100(range, 30—-1 000)mL, 435, 88, 1 455, 72(range,
10-220)hours, 96(range, 16-296)hours, 158, 10(range, 6-60)days, respectively, in patients undergoing
open radical colorectal cancer surgery. The above indicators were 175(range, 80 -450)minutes,
50(range, 10-800)mL, 172, 112, 744, 48(range, 14-120)hours, 72(range, 38-140)hours, 17, 9
(range, 4 - 40)days, respectively, in patients undergoing laparoscopic radical colorectal cancer
surgery and 180(range, 80-400)minutes, 30(range, 5-500)mL, 0, 45, 367, 48 (range, 14-144)hours,
72(range, 15-148)hours, 1, 6(range, 3-30)days, respectively, in patients undergoing NOSES. There
were significant differences in the above indicators among the patients undergoing different surgical
approaches (H=291.38, 518.56, y*=153.82, H=408.86, 282.97, y*=78.66, H=332.30, P<0.05). (2) Com-
parison of preoperative clinical characteristics in patients undergoing different surgical approaches.
The gender, age, body mass index, cases with diabetes, cases with hypertension, cases with coronary
heart disease, cases with anemia, cases with hypoproteinemia, cases with intestinal obstruction, tumor
location, preoperative carcinoembryonic antigen, preoperative CA19-9 showed significant differences
among patients undergoing open radical colorectal cancer surgery, laparoscopic radical colorectal
cancer surgery and NOSES (P<0.05). (3) Comparison of postoperative histopathological characteris-
tics in patients undergoing different surgical approaches. Tumor histological type, tumor differentiation
degree, tumor diameter, number of lymph node detected, nerve invasion, vascular invasion, lymph
node invasion, tumor T staging, tumor N staging, tumor M staging, tumor TNM staging showed
significant differences among patients undergoing open radical colorectal cancer surgery, laparos-
copic radical colorectal cancer surgery and NOSES (P<0.05). (4) Postoperative complications of patients
undergoing different surgical approaches. Cases with postoperative complications as anastomotic
leakage, abdominal infection, intestinal obstruction, anastomotic bleeding, incision complications,
pulmonary infection, other complications were 52, 21, 309, 8, 130, 51, 59, respectively, in patients
undergoing open radical colorectal cancer surgery. The above indicators were 33, 17, 75, 3, 45, 58, 9,
respectively, in patients undergoing laparoscopic radical colorectal cancer surgery and 13, 4, 8, 0, 11,
10, 15, respectively, in patients undergoing NOSES. There were significant differences in the intes-
tinal obstruction, incision complications, pulmonary infection, other complications among patients
undergoing different surgical approaches (y*=122.56, 13.33, 20.44, 15.59, P<0.05) and there was no
significant difference in the anastomotic leakage, abdominal infection, anastomotic bleeding among
patients undergoing different surgical approaches (x*=0.96, 2.21, 3.08, P>0.05). (5) Analysis of
influencing factors of postoperative complications. (1) Analysis of influencing factors of intestinal
obstruction in patients with radical resection of rectal cancer. Age as 20-39 years and 40-59 years,
surgical approach as laparoscopic radical colorectal cancer surgery and NOSES were independent
protective factors of intestinal obstruction in patients with radical resection of rectal cancer (odds
ratio=0.46, 0.59, 0.43, 0.13, 95% confidence interval as 0.21-1.00, 0.36-0.96, 0.33-0.56, 0.06-0.27,
P<0.05). (2) Analysis of influencing factors of incision complications in patients with radical resection
of rectal cancer. Body mass index as 24.0 - 26.9 kg/m® surgical approach as laparoscopic radical
colorectal cancer surgery and NOSES were independent protective factors of incision complications
in patients with radical resection of rectal cancer (odds ratio=0.24, 0.63, 0.46, 95% confidence
interval as 0.11-0.51, 0.44-0.89, 0.24-0.87, P<0.05). (3) Analysis of influencing factors of pulmonary
infection in patients with radical resection of rectal cancer. The surgical approach as laparoscopic
radical colorectal cancer surgery was an independent risk factor of pulmonary infection in patients
with radical resection of rectal cancer (odds ratio=2.15, 95% confidence interval as 1.46 -3.18, P<
0.05), and tumor TNM staging as 0-1 stage was an independent protective factor (odds ratio=0.10,
95% confidence interval as 0.01-0.88, P<0.05). (4) Analysis of influencing factors of other complica-
tions in patients with radical resection of rectal cancer. Age as 20-39 years, 40-59 years, 60-79 years,
body mass index as <18.5 kg/m? 18.5-23.9 kg/m’, 24.0-26.9 kg/m? 27.0-29.9 kg/m’ surgical approach
as laparoscopic radical colorectal cancer surgery were independent protective factors of other
complications in patients with radical resection of rectal cancer (odds ratio=0.10, 0.29, 0.37, 0.08,
0.22, 0.35, 0.32, 0.29, 95% confidence interval as 0.01-0.81, 0.13-0.64, 0.17-0.78, 0.02-0.40, 0.09-
0.52, 0.15-0.83, 0.12-0.89, 0.14-0.59, P<0.05). Conclusions Compared to laparoscopic radical
colorectal cancer surgery and NOSES, open radical colorectal cancer surgery has wide indication and
short operation time, but less perioperative treatment effect. Laparoscopic radical colorectal cancer
surgery and NOSES can achieve better surgical result and less postoperative complication when

133



- 134 - FRAETE AL AN R 2023 4F 1 H A 22 55 1 ] Chin J Dig Surg, January 2023, Vol. 22, No. 1

patients meeting surgical indications.
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Table 1 Comparison of intraoperative and postoperative situations in 3 418 patients undergoing radical resection

of rectal cancer with different surgical approaches
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Table 2 Comparison of preoperative clinical characteristics in 3 418 patients undergoing radical resection

of rectal cancer with different surgical approaches
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Table 3 Comparison of postoperative histopathological characteristics in 3 418 patients undergoing radical resection
of rectal cancer with different surgical approaches
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Table 4 Univariate analysis of postoperative intestinal

obstruction in 3 418 patients undergoing radical resection

of rectal cancer
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Table 5 Multivariate analysis of postoperative intestinal
obstruction in 3 418 patients undergoing radical resection

of rectal cancer
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Table 6 Univariate analysis of postoperative incision
complications in 3 418 patients undergoing radical

resection of rectal cancer
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Table 7 Multivariate analysis of postoperative incision
complications in 3 418 patients undergoing radical

resection of rectal cancer
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Table 8 Univariate analysis of postoperative pulmonary
infection in 3 418 patients undergoing radical resection

of rectal cancer
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Table 9 Multivariate analysis of postoperative pulmonary
infection in 3 418 patients undergoing radical resection

of rectal cancer
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Table 10  Univariate analysis of postoperative other
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complications in 3 418 patients undergoing radical

resection of rectal cancer
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Table 11 Multivariate analysis of postoperative other
complications in 3 418 patients undergoing radical

resection of rectal cancer

WRRERE b BRMED Waldfl fE3H ﬂfgé P
()
20~39 -2.30 1.07 4.65 0.10  0.01~0.81 0.031
40~59 -1.24  0.40 9.51 0.29 0.13~0.64 0.002
60~79 -1.00 0.38 6.86 0.37 0.17~0.78 0.009
>80" - - - - - -
N
(kg/m®)
<18.5 -2.53 0.82 9.52 0.08 0.02~0.40 0.002
18.5~23.9 -1.52 044 12.04 0.22  0.09~0.52 0.001
24.0~26.9 -1.06 0.44 5.64 0.35 0.15~0.83 0.018
27.0~29.9 -1.13  0.52 4.82 0.32  0.12~0.89 0.028
=>30.0" - - - - - -
FAIR
esEm . )
HRAAR
Egiﬁf:i -1.24 0.36 11.84 0.29 0.14~0.59 0.001
g;jﬁﬂiﬁ 0.37  0.30 1.51 1.45 0.80~2.61 0.220
VE W 24 I R IS B AN 16705 i A B
IR

PG S, o R A5 B AR IR AR M
SER R H T s Rl LA R AR TR AR FINOSES,
XUl BT R AR I LA v AT . IR
B A H AR R 32 SO AR T TNM 203 (i 3,
R AR EZEGRE R, 3FFARTRG7
SR E N FARGH IR, XA HLFAR
YAV,

VU | FB ARG I A RE & A S PR R T

S N B A B AR A R LA AT
NOSES B # A J& AR VI 171 3 K5 il g e %
AR B R R R BB D AR R I R RE K
AL B R FRIRE . Z RS WoR
G a4t B I AR IR R I NOSES H 3 &k A2 AU T i
BH 0 E 9 & i 1 XU SR 5 (R A T 1 Jes B2 285 L
i ARIR AR B AR S il e e AR B v . AT R
BT AR HEZ CO,AMERH M WP RGN R FHIFH
BRI ™, 5 NOSES Fe#t, i 5 T RAEAE
HEBHDI O, U1 R LR R R TR TS o, 3
It KR

AR AR BN AR =80 % 1Y B L,
AEIE R 20~39 B 5 40~59 % (1) H E R G & AR AR
BEL A XU BEAEG o 3k 5 B A F 9 4 SR e AR — B0
JRUE B AR AF 52 45 R 7 < B BERE R 3 & A 0 i Jgk
ey RS T AR SE R OR - 5 BMIz
30.0 kg/m® (1) 5 LA, BMI i 24.0~26.9 kg/m* 3%
RAEARJG YN AH I R RS AL, HAh, 5
TNM 433 47 IV A5 B s 8 3 LA, O~ AR
A it SR g g AU TG . X RT RE S R A5 B R
BEARJGWE B RAE . 541 >80 % . BMI>
30.0 kg/m® (1 B HAL, 4F % <80 % Fl BMI<30 kg/m®
BB KA AR G HMh I 2 i ) KU SR, X 4R R
U5 SE BEAE B8 5 B2 o R AE ARG I RAE

Zi I, JF E 45 B AR I AR I T RS N IR
I AR R AR TR R T ROR AN B
B H M RIA AR FINOSES . HA FARE N IERT,
REE AT IR S B 4G B AR IR AR T NOSES nJ 4k 45
BT FARROR DL R EARA S5 I R RE R A2
FUZEIRZE  FIAT1E 975 R 227 25 mhoe
Bl AT T AT R AT L TR S R
B AT B SRR AR P 1 TR 4 1 K TR
EEFEAR WP BT, e SRS R TR
DU AR : e AT, U IS SCAE B R R T AR
WA XU DB R E SR P H R AT TR E BRI
LRI 48 SR G007 95 i SOk

& % x #

[1]  Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2021
[J]. CA Cancer ] Clin,2021,71(1):7-33. DOI:10.3322/caac.
21654.

(21 EBh A Sea ER AT R R 4 I RS
TG Y E VL) /CD). Th R4 E P L 7 443,2021,10(1):
26-33.D01:10.3877 /cma.j.issn.2095-3224.2021.01.004.

(8]  Zhdw, 2% [E R I d 2 v IF 45 LA 2 )7 M 22020
Ji)—AMREER 43 [1]. i AR AR 2% 7:,2021,29(1):10-12. DOI:
10.3969/j.issn.1005-6483.2021.01.004.

[4] Hemandas AK, Abdelrahman T, Flashman KG, et al. Lapa-
roscopic colorectal surgery produces better outcomes for
high risk cancer patients compared to open surgery[]].
Ann Surg,2010,252(1):84-89. DOI:10.1097/SLA.0b013e31
81e45b66.

[5] Jacob BP, Salky B. Laparoscopic colectomy for colon adeno-
carcinoma: an 11-year retrospective review with 5-year
survival rates([J]. Surg Endosc,2005,19(5):643-649. DOI:10.
1007/s00464-004-8921-y.

[6] Jayne D, Pigazzi A, Marshall H, etal. Effect of robotic-
assisted vs conventional laparoscopic surgery on risk of
conversion to open laparotomy among patients undergo-
ing resection for rectal cancer: the ROLARR randomized
clinical trial[]]. JAMA, 2017,318(16): 1569-1580. DOI: 10.
1001/jama.2017.7219.



FPAETE AL AMRH 2023 4E 1 H 55 22 %45 1 8] Chin J Dig Surg, January 2023, Vol. 22, No. 1 - 143

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Guillou PJ, Quirke P, Thorpe H, et al. Short-term endpoints
of conventional versus laparoscopic-assisted surgery in
patients with colorectal cancer (MRC CLASICC trial): mul-
ticentre, randomised controlled trial[J]. Lancet,2005,365
(9472):1718-1726.D01:10.1016/S0140-6736(05)66545-2.
Zhou Z, Chen L, Liu ], etal. Laparoscopic natural orifice
specimen extraction surgery versus conventional surgery
in colorectal cancer: a meta-analysis of randomized contro-
lled trials[]]. Gastroenterol Res Pract,2022,2022:6661651.
DOI:10.1155/2022/6661651.

Zhu Y, Xiong H, Chen Y, et al. Comparison of natural orifice
specimen extraction surgery and conventional laparos-
copic-assisted resection in the treatment effects of low
rectal cancer[]J]. Sci Rep,2021,11(1):9338. DOI1:10.1038/
s41598-021-88790-8.

Wang X. Natural Orifice Specimen Extraction Surgery: Colo-
rectal Cancer[M]. Singapore: Springer;2018.

Kuipers E]J, Grady WM, Lieberman D, et al. Colorectal can-
cer[J]. Nat Rev Dis Primers,2015,1:15065. DOI:10.1038/
nrdp.2015.65.

Ladabaum U, Dominitz JA, Kahi C, et al. Strategies for colo-
rectal cancer screening[J]. Gastroenterology,2020,158(2):
418-432.D0I:10.1053/j.gastro.2019.06.043.

Wk A, 22 D3 1, A A N B Al B 28 M 4 B R LT B
ARG T AT AL T 9 30 97 280 1 T B A 22 e 191
WFFE ). h AW A AR 4% ,2021,20(12):1351-1357. DOL:
10.3760/cma.j.cn115610-20211027-00527.

Lorenzon L, Bini F, Balducci G, et al. Laparoscopic versus
robotic-assisted colectomy and rectal resection: a system-
atic review and meta-analysis[]]. Int ] Colorectal Dis, 2016,
31(2):161-173.D0I:10.1007/s00384-015-2394-4.
Fleshman ], Branda ME, Sargent DJ, et al. Disease-free sur-
vival and local recurrence for laparoscopic resection com-
pared with open resection of stage Il to Ill rectal cancer:
follow-up results of the ACOSOG Z6051 randomized con-
trolled trial[J]. Ann Surg, 2019, 269(4): 589-595. DOI: 10.
1097/SLA.0000000000003002.

Liu Z, Efetov S, Guan X, etal. A Multicenter study evaluat-
ing natural orifice specimen extraction surgery for rectal
cancer([]]. ] Surg Res, 2019,243:236-241. DOI: 10.1016/j.
j$5.2019.05.034.

Zhou ZQ, Wang K, Du T, etal. Transrectal natural orifice
specimen extraction (NOSE) with oncological safety: a pro-
spective and randomized trial[J]. ] Surg Res,2020,254:16-
22.D0I1:10.1016/j.jss.2020.03.064.

Guan X, Hu X, Jiang Z, et al. Short-term and oncological
outcomes of natural orifice specimen extraction surgery
(NOSES) for colorectal cancer in China: a national data-
base study of 5 055 patients[J]. Sci Bull (Beijing),2022,67
(13):1331-1334.DO0I1:10.1016/j.5cib.2022.05.014.

FE L. A1 [E NOSES Il ity Pk 5 & B[] /CD]. th 4 i
PR F4%,2018,7(1):2-7.DOI:10.3877 /cma.j.issn.2095-
3224.2018.01.001.

Rist M, Hemmerling TM, Rauh R, et al. Influence of pneu-
moperitoneum and patient positioning on preload and
splanchnic blood volume in laparoscopic surgery of the
lower abdomen(]]. ] Clin Anesth,2001,13(4):244-249. DOI:
10.1016/s0952-8180(01)00242-2.

Kalmar AF, Foubert L, Hendrickx JF, etal. Influence of
steep trendelenburg position and CO(2) pneumoperito-
neum on cardiovascular, cerebrovascular, and respiratory

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

homeostasis during robotic prostatectomy(]]. Br ] Anaesth,
2010,104(4):433-439. D0I1:10.1093 /bja/aeq018.

Wu T, Mo Y, Wu C. Prognostic values of CEA, CA19-9, and
CA72-4 in patients with stages | -1l colorectal cancer[]].
Int ] Clin Exp Pathol,2020,13(7):1608-1614.

Guan X, Liu Z, Longo A, etal. International consensus on
natural orifice specimen extraction surgery (NOSES) for
colorectal cancer[J]. Gastroenterol Rep (0xf),2019,7(1):24-
31.D0I:10.1093/gastro/goy055.

Jiang K, Zhu Y, Liu Y, etal. Lymph node ratio as an inde-
pendent prognostic indicator in stage Ill colorectal cancer:
especially for fewer than 12 lymph nodes examined[]].
Tumour Biol,2014,35(11):11685-11690. D0OI1:10.1007 /s1
3277-014-2484-x.

Zhang H, Liu Y, Wang C, etal. A modified tumor-node-
metastasis staging system for colon cancer patients with
fewer than twelve lymph nodes examined[]]. World ] Surg,
2021,45(8):2601-2609. D01:10.1007 /s00268-021-06141-0.
van Boekel R, Warlé MC, Nielen R, etal. Relationship
between postoperative pain and overall 30-day complica-
tions in a broad surgical population: an observational
study[J]. Ann Surg, 2019, 269(5): 856-865. DOI: 10.1097/
SLA.0000000000002583.

Bostrom P, Svensson ], Brorsson C, et al. Early postopera-
tive pain as a marker of anastomotic leakage in colorectal
cancer surgery[]J]. Int ] Colorectal Dis,2021,36(9):1955-
1963.D01:10.1007/5s00384-021-03984-w.

Park SJ, Kim BG, Oh AH, et al. Effects of intraoperative pro-
tective lung ventilation on postoperative pulmonary com-
plications in patients with laparoscopic surgery: prospec-
tive, randomized and controlled trial[J]. Surg Endosc,2016,
30(10):4598-4606. D0I:10.1007 /s00464-016-4797-x.
Quiroga-Centeno AC, Jerez-Torra KA, Martin-Mojica PA, et al.
Risk factors for prolonged postoperative ileus in colorectal
surgery: a systematic review and meta-analysis[J]. World
] Surg,2020,44(5):1612-1626. D0O1:10.1007/s00268-019-
05366-4.

Hain E, Maggiori L, Mongin C, etal. Risk factors for pro-
longed postoperative ileus after laparoscopic sphincter-
saving total mesorectal excision for rectal cancer: an anal-
ysis of 428 consecutive patients[J]. Surg Endosc,2018,32
(1):337-344.D01:10.1007 /s00464-017-5681-z.

Kinugasa T, Yoshida T, Mizobe T, et al. The impact of body
mass index on perioperative outcomes after laparoscopic
colorectal surgery[J]. Kurume Med J,2015,61(3/4):53-58.
DOI:10.2739/kurumemedj.MS64005.

Balentine CJ, Wilks ], Robinson C, et al. Obesity increases
wound complications in rectal cancer surgery[J]. ] Surg
Res,2010,163(1):35-39. D0I:10.1016/j.js5.2010.03.012.
Frasson M, Flor-Lorente B, Rodriguez JL, et al. Risk factors
for anastomotic leak after colon resection for cancer: mul-
tivariate analysis and nomogram from a multicentric, pro-
spective, national study with 3 193 patients[]J]. Ann Surg,
2015,262(2):321-330. DOI:10.1097/SLA.000000000000973.
Makino T, Shukla PJ, Rubino F, et al. The impact of obesity
on perioperative outcomes after laparoscopic colorectal
resection[]]. Ann Surg,2012,255(2):228-236. D01:10.1097/
SLA.0b013e31823dcbf7.

Okabe H, Ohsaki T, Ogawa K, et al. Frailty predicts severe
postoperative complications after elective colorectal sur-
gery[J]. Am ] Surg,2019,217(4):677-681. DOI:10.1016/j.
amjsurg.2018.07.009.



