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INTRODUCTION
Since its introduction in 1991, laparoscopic right colectomy 

(LRC) has been considered the standard surgical treatment for 
benign and malignant right colon diseases, and its feasibility in 
terms of favorable short-term clinical outcomes and oncological 
radicalism has been widely acknowledged [1-3]. In addition, a 
number of studies on complete mesocolic excision with central 
vascular ligation have demonstrated the feasibility, safety, and 
acceptability of LRC in terms of postoperative outcomes and 
oncological profile [4-7].

Extracorporeal anastomosis (ECA) remains the most widely 
adopted laparoscopic anastomotic technique for LRC. Although 
intracorporeal anastomosis (ICA) in LRC bears certain advantages, 
including fewer complications related to the alignment of the 
mesentery and less mobilization of the distal transverse colon 
for tension-free anastomosis, it has not been widely applied [8-
11]. In addition, there are concerns that intracorporeal suturing 
with laparoscopic straight instruments is more difficult and time-
consuming than ECA and increases the risk of intraabdominal 
abscess due to the higher risk of bowel content spillage [12].

Postoperative ileus (POI) is an iatrogenic disorder characterized 
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Purpose: Laparoscopic right colectomy (LRC) with extracorporeal anastomosis (ECA) remains the most widely adopted 
technique despite mounting evidence that intracorporeal anastomosis (ICA) offers several advantages. This study aimed to 
compare the postoperative outcomes of ICA and ECA and to investigate the effect of ICA on postoperative ileus after LRC.
Methods: This retrospective study included 45 patients who underwent ICA and 63 who underwent ECA in LRC for right-
sided colonic diseases between January 2015 and December 2019.
Results: There were no significant differences in total operation time, blood loss, total length of incisions, tolerance of 
diet, postoperative pain score on postoperative days 1 and 2, or length of hospital stays between the 2 groups. However, 
the ICA group had a significantly shorter time to first flatus passage (3.0 ± 0.9 days vs. 3.8 ± 1.9 days, P = 0.013). The rate of 
postoperative ileus was significantly higher in the ECA group (2.2% vs. 14.3%, P = 0.033); however, there was no significant 
difference in the overall morbidity within 30 days after surgery. Multivariate logistic regression analysis showed that 
the ECA technique (odds ratio [OR], 0.098; 95% confidence interval [CI]; 0.011–0.883, P = 0.038) and previous abdominal 
operation (OR, 5.269; 95% CI, 1.193–23.262; P = 0.028) were independent risk factors for postoperative ileus.
Conclusion: The postoperative outcomes of patients who underwent LRC with ICA or ECA were comparable, and ICA could 
reduce the incidence of postoperative ileus after LRC compared with ECA.
[Ann Surg Treat Res 2023;104(3):156-163]
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by the inhibition of gastrointestinal motility following abdominal 
surgery. Its clinical manifestations include nausea, vomiting, 
abdominal distention, inability to pass gas, and intolerance to 
oral intake [9,13]. Although the definition is not consensual, POI 
is a leading cause of increased morbidity and prolonged hospital 
stay [14]. Several studies compared the postoperative outcomes of 
intracorporeal and ECA in LRC [9,13]. However, there have been 
few systematic studies on the effect of the anastomosis technique 
in LRC on POI, along with the analysis of various factors affecting 
POI. This study aimed to compare the postoperative outcomes of 
intracorporeal and extracorporeal anastomoses and to investigate 
the effect of ICA on POI after LRC.

METHODS

Patients
The study protocol of this study was approved by the 

Institutional Review Board of the Keimyung University Dongsan 
Hospital (No. 2022-04-003). The informed consent requirement 
was waived due to the retrospective manner of the study. 

Between January 2015 and December 2019, the study 
enrolled 119 patients who had undergone LRC for right-sided 
colonic diseases, including malignancy. Exclusion criteria were 
as follows: (1) conversion from laparoscopic to open surgery, 
(2) more than 2 major solid organ surgeries at once, and (3) 
history of other previous malignancies. After excluding the 
aforementioned patients, the study included 45 patients who 
underwent LRC with ICA and 63 patients who underwent ECA.

Data collection and definitions
Patient demographics and perioperative outcomes were 

obtained from the prospectively collected colorectal cancer 
database. Patient demographic data included age, sex, 
preoperative CEA level, body mass index (BMI), American Society 
of Anesthesiologists (ASA) physical status (PS) classification, 
and tumor location. Operative outcomes included the total 
operation time, incision length, blood loss, specimen extraction 
site, and anastomosis method. Conversion was defined as the 
transition from laparoscopic to open surgery. Clinical outcomes 
included postoperative pain management, time to gas pass, sips 
of water, soft diet, hospital stay, pain score, use of painkillers 
on postoperative days 1 and 2, postoperative morbidity, and 
mortality within 30 days. POI was diagnosed when 2 or more of 
the following 5 criteria were met on or after the 4th postoperative 
day without resolution of POI: nausea or vomiting, inability 
to tolerate an oral diet over the previous 24 hours, absence of 
flatus over the previous 24 hours, abdominal distension, and 
radiologic confirmation [15]. Morbidity was classified using the 
Clavien-Dindo (CD) classification. On postoperative days 1 and 
2, postoperative wound pain was measured using a numeric 
pain rating scale, with endpoints labeled “no pain” (scale 0) and 
“worst possible pain” (scale 10). Pathological outcomes for colonic 
adenocarcinoma included tumor stage, histology, retrieved lymph 
nodes, tumor size, and resection margins. Tumors were classified 
according to the 8th edition of the American Joint Committee on 
Cancer (AJCC) cancer staging system.

Surgical technique of anastomosis
We routinely performed mechanical bowel preparation 1 
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Fig. 1. Anastomotic techniques in right colectomy. (A) Extracorporeal end-to-side anastomosis using a circular stapler. (B) 
Intracorporeal side-to-side anastomosis using a linear stapler.
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day before surgery regardless of anastomotic technique. In 
the ECA group, the mobilized bowel was extracted through a 
commercial wound protector following a further incision that 
continued through the previous periumbilical incision (Fig. 
1A). An ECA was performed in an end-to-side manner using a 
circular stapler, side-to-side using a linear stapler or end-to-end 
with hand-sewn technique. In the ICA group, the transverse 
mesocolon and small bowel mesentery were divided using a 
surgical energy device. Subsequently, the transverse colon and 
terminal ileum were transected using laparoscopic staplers (Fig. 
1B). We placed gauze under the anastomotic site to minimize 
the spread of bowel content into the abdominal cavity during 
the ICA. Enterotomy and colostomy were performed, and 
a linear stapler was used to create an isoperistaltic, side-to-
side anastomosis. After stapling for anastomosis, sufficient 
irrigation and suction were performed. The stapler insertion 
site was closed with continuous stitches using V-Loc sutures 
(Covidien). The specimen was extracted through a periumbilical 
or Pfannenstiel incision.

Statistical analysis
The results are presented as mean ± standard deviation for 

continuous variables, and as frequencies and percentages for 

categorical ones. Categorical variables were analyzed using the 
chi-square and Fisher exact tests. Continuous variables were 
analyzed using an independent t-test. A P-value of <0.05 was 
considered to indicate statistical significance. After a univariate 
analysis to evaluate the risk factors for POI, a multivariate 
logistic regression analysis was performed with selected 
variables (with P < 0.10 as inclusion criterion). Statistical 
analyses were performed using the IBM SPSS Statistics ver. 25 
(IBM Corp.).

RESULTS

Patients’ characteristics
Preoperative general characteristics of patients, such as age, 

sex, BMI, ASA PS classification, disease location, and pathologic 
type of resected specimen, did not show significant differences 
between the 2 groups (Table 1). In both ICA and ECA groups, the 
indications for right colectomy were mainly adenocarcinoma 
(86.7% in the ICA and 90.5% in the ECA). In both groups, the 
incidence of prior abdominal surgery was comparable.

Operative outcomes
The operative outcomes are summarized in Table 2. The 

Table 1. Patients’ characteristics

Characteristic Intracorporeal anastomosis group Extracorporeal anastomosis group P-value

No. of patients 45 63
Age (yr) 66.8 ± 12.3 70.7 ± 12.0 0.103
Sex 0.362
    Male 21 (46.7) 35 (55.6)
    Female 24 (53.3) 28 (44.4)
Body mass index (kg/m2) 23.4 ± 3.3 23.4 ± 3.7 0.983
ASA PS classification 0.695
    I 10 (22.2) 12 (19.0)
    II 21 (46.7) 34 (54.0)
    III 14 (31.1) 17 (27.0)
Disease location 0.605
    Appendix 1 (2.2) 1 (1.6)
    Cecum 4 (8.9) 7 (11.1)
    Ascending colon 32 (71.1) 37 (58.7)
    Hepatic flexure 7 (15.6) 13 (20.6)
    Transverse colon 1 (2.2) 5 (7.9)
Metastasis 1 (2.2) 4 (6.3) 0.314
Pathology 0.816
    Adenocarcinoma 39 (86.7) 57 (90.5)
    Adenoma 1 (2.2) 1 (1.6)
    Mucinous neoplasm 1 (2.2) 0 (0)
    Lymphoma 1 (2.2) 1 (1.6)
    Others 3 (6.7) 4 (6.3)
Previous abdominal surgery 11 (24.4) 15 (23.8) 0.939

Values are presented as mean ± standard deviation or number (%). Propensity score matching was performed according to ASA PS 
classification, BMI, and tumor location.
ASA, American Society of Anesthesiologists; PS, physical status. 



 Annals of Surgical Treatment and Research 159

Table 2. Operative outcomes

Variable Intracorporeal anastomosis group (n = 45) Extracorporeal anastomosis group (n = 63) P-value

Total operation time (min) 199.7 ± 56.7 213.4 ± 71.5 0.271
Incision length (cm) 7.3 ± 1.8 7.9 ± 3.0 0.184
Blood loss (mL) 43.3 ± 43.4 64.2 ± 109.8 0.175
Specimen extraction site 0.011a)

    Periumbilical 40 (88.9) 63 (100)
    Pfannenstiel 5 (11.1) 0 (0)
Anastomosis method 0.264a)

    Stapled anastomosis 45 (100) 60 (95.2)
    Hand-sewn 0 (0) 3 (4.8)
Anastomosis manner <0.001
    Side-to-side 45 (100) 38 (60.3)
    End-to-side 0 (0) 23 (36.5)
    End-to-end 0 (0) 2 (3.2)

Values are presented as mean ± standard deviation or number (%).
a)Fisher exact test.

Table 3. Postoperative outcomes

Variable Intracorporeal anastomosis group (n = 45) Extracorporeal anastomosis group (n = 63) P-value

Pain control method 0.113
    IV PCA 32 (71.1) 40 (63.5)
    Pain buster 6 (13.3) 9 (14.3)
    PCA and pain buster 4 (8.9) 13 (20.6)
    Epidural PCA 0 (0) 1 (1.6)
    None (intermittent pain killer) 3 (6.7) 0 (0)
Pain score
    POD 1 2.8 ± 1.4 2.4 ± 0.77 0.064
    POD 2 pain score 2.7 ± 1.2 2.5 ± 0.7 0.318
Pain killer number <2
    POD 1 29/45 (64.4) 38/63 (60.3) 0.663
    POD 2 pain killer number <2 35/45 (77.8) 41/63 (58.3) 0.154
Time to flatus passage (day) 3.0 ± 0.9 3.8 ± 1.9 0.013
Time to drink (day) 3.36 ± 4.67 3.4 ± 4.5 0.920
Time to soft diet (day) 5.9 ± 5.0 6.5 ± 5.7 0.568
Hospital stay (day) 11.7 ± 12.0 12.1 ± 11.2 0.883
Morbidity within 30 days after surgery 0.769
    All types 22 (48.9) 29 (46.0)
    Bleeding 5 (11.1) 6 (9.5) 0.788
    Anastomosis leakage 2 (4.4) 2 (3.2) 0.730
    Postoperative ileus 1 (2.2) 9 (14.3) 0.033
    Intraabdominal infection 3 (6.7) 2 (3.2) 0.373
    Surgical wound infection 3 (6.7) 3 (4.8) 0.670
    Pseudomembranous colitis 3 (6.7) 0 (0) 0.038
    Voiding difficulty 0 (0) 3 (4.8 ) 0.138
    Chyle leakage 3 (6.7) 3 (4.8) 0.670
    Others 2 (4.4) 1 (1.6) 0.373
Clavien-Dindo classification of morbidities 0.432a)

    0, I, II 42 (93.3) 56 (88.9)
    ≥IIIa (IIIa, IIIb, IVa, IVb, V) 3 (6.7) 7 (11.1)
Reoperation within 30 days after surgery 2 (4.4) 3 (4.8) 0.924
Mortality within 30 days after surgery 0 (0) 0 (0) <0.050

Values are presented as number (%) or mean ± standard deviation.
IV, intravenous; PCA, patient-controlled analgesia; POD, postoperative day.
a)Fisher exact test.
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total operative time was 199.7 minutes in the ICA group 
and 213.4 minutes in the ECA group (P = 0.271). The total 
incision length and blood loss were comparable between the 2 
groups. In the ICA group, specimens were extracted from the 
periumbilical site (88.9%) and suprapubic Pfannenstiel incision 
(11.1%), whereas in the ECA group, specimens were extracted 
exclusively from the periumbilical incision site (P = 0.011). 
In the ICA group, all anastomoses were performed using an 
endolinear stapler, whereas in the ECA group, 60 anastomoses 
(95.2%) were performed using linear or circular staplers and 3 
(4.8%) were performed using the hand-sewn technique (P = 
0.264). All 45 anastomoses in the ICA group were performed 
side-to-side, whereas 60.3%, 36.5%, and 3.2% of extracorporeal 
anastomoses were performed side-to-side, end-to-side, and end-
to-end, respectively (P < 0.001).

Postoperative outcomes
In terms of postoperative pain management, there was no 

significant difference between the 2 groups (P = 0.113) (Table 
3). The pain score measured using the numeric rating scale and 
the number of painkillers on postoperative days 1 and 2 did not 
show significant differences between the 2 groups. The time 
to first flatus was significantly shorter in the ICA group than 
in the ECA group (3.0 ± 0.9 days vs. 3.8 ± 1.9 days, P = 0.013); 

however, times of water drinking, and soft diet intake were not 
significantly different between the 2 groups.

The overall postoperative complications within 30 days after 
surgery were comparable (48.9% in ICA and 46.0% in ECA, P 
= 0.769), and there was no statistically significant difference 
between the 2 groups in the proportion of complications of CD 
classification of III or higher. The incidence of POI in the ICA 
group was significantly lower than the 1 in the ECA group (2.2% 
vs. 14.3%; P = 0.033). Three patients in the ICA group, whereas 
none in the ECA group, developed pseudomembranous colitis 
(P = 0.033). No mortality was observed in either group for 30 
days.

Pathologic outcome of colon cancer
Among the 108 patients, 96 with colonic adenocarcinoma 

were analyzed for postoperative pathological outcomes. TNM 
stage (AJCC 8th edition), histologic characteristics, tumor size, 
lymphovascular invasion, perineural invasion, number of 
retrieved lymph nodes, and lengths of resection margins were 
not significantly different between the 2 groups (Table 4).

Univariable and multivariable analysis of risk 
factors for postoperative ileus
We conducted a univariate analysis with the variables 

Table 4. Pathologic outcomes of colonic adenocarcinoma

Pathological outcome Intracorporeal anastomosis group (n = 39) Extracorporeal anastomosis group (n = 57) P-value

pT status 0.605
    T1 6 (15.4) 8 (14.0)
    Tis 4 (10.3) 5 (8.8)
    T2 6 (15.4) 9 (15.8)
    T3 20 (51.3) 27 (47.4)
    T4a 1 (2.6) 7 (12.3)
    T4b 2 (5.1) 1 (1.7)
pN status 0.831
    N0 30 (76.9) 40 (70.2)
    N1 7 (18.0) 11 (19.3)
    N2 2 (5.1) 6 (10.5)
    N3 0 (0) 0 (0)
Histology 0.916
    Well-differentiated 3 (7.7) 5 (8.8)
    Moderately differentiated 30 (76.9) 46 (80.7)
    Poorly differentiated 5 (12.8) 5 (8.8)
    Others 1 (2.6) 1 (1.8)
Retrieved lymph nodes 26.23 ± 11.6 28.16 ± 11.7 0.428
Lymphovascular invasion 12/39 (30.8) 21/57 (36.8) 0.538
Perineural invasion 10/39 (25.6) 8/57 (14.0) 0.299
Tumor size (cm) 4.59 ± 2.57 4.88 ± 3.06 0.599
Resection margin (cm)
    Proximal 14.5 ± 9.7 17.6 ± 10.3 0.117
    Distal 18.1 ± 9.7 15.1 ± 10.2 0.133

Values are presented as number (%) or mean ± standard deviation.
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age, sex, BMI, previous abdominal operation history, ASA PS 
classification, operation time, operation method, anastomosis 
manner, anastomosis technique, pain control method, T 
stage, and tumor size, which are thought to influence the POI. 
During stepwise regression variable selection, the anastomosis 
technique and history of prior abdominal surgery were 
identified as potential contributors to POI (P = 0.029 and P 
= 0.036, respectively). The ECA technique (odds ratio [OR], 
0.098; 95% confidence interval [CI], 0.011–0.883; P = 0.038) and 
prior abdominal surgery (OR, 5.269; 95% CI, 1.193–23.262; P = 
0.028) were identified as independent risk factors for POI by 
multivariate logistic regression analysis (Table 5).

DISCUSSION
The current study indicated that short-term clinical outcomes, 

including total operation time, recovery-related outcomes, and 
overall morbidity, did not differ between the ICA and ECA 
groups, with the exception of the first flatus passage, which was 
significantly shorter, and the POI, which was significantly lower 
in the ICA group than in the ECA group. In the multivariable 
logistic analysis of risk factors for POI, ECA was assessed as 
an independent risk factor for POI, in addition to a history of 
abdominal surgery. These results demonstrate that ICA could 
take advantages on recovery of the gastrointestinal tract and 
provides a rationale for using ICA rather than conventional ECA 
in LRC.

Several comparative studies between ICA and ECA for LRC 
highlighted the advantages of ICA in terms of shorter hospital 
stay, quicker bowel recovery, shorter wound length, and fewer 
postoperative complications [16-18]. However, laparoscopic ICA 
has not been performed extensively because of the inflexibility 
of intracorporeal suturing devices and requirement of advanced 

laparoscopic expertise. The safety of ICA has already been 
acknowledged in the field of gastrectomy [19]. The surgical 
techniques of ICA during LRC and ICA during laparoscopic 
gastric resection are similar in that they require suturing 
common entry during ICA. Regarding the operation time, 
some studies indicated a longer operative time with technical 
difficulty in the ICA group, while others reported a shorter 
total operative time compared to the ECA group [17,20-22]. Two 
colorectal surgeons participated in this study, one of whom 
had undergone colorectal cancer for more than 10 years, and 
another had been performing colorectal cancer for more than 5 
years. Early experiences of ICA performed by 2 surgeons during 
the study period were included. In our study, there was no 
significant difference between the 2 groups in terms of the total 
operation time and anastomotic complications. Considering 
that the initial experiences of ICA were included in this study, 
ICA can be said to be safe and feasible. 

Anastomotic leakage is one of the most feared complications 
of colorectal surgery, resulting in longer hospital stay, higher 
costs, and higher local recurrence and mortality rates. When 
developing and applying a new anastomosis technique, its 
complications are typically more important than its benefits. 
In the current study, there was no difference in anastomotic 
leakage between the 2 groups. We believe that closing the 
common entry after side-to-side anastomosis with a linear 
stapler during ICA does not majorly affect anastomotic leakage, 
and ICA is safe and feasible compared with conventional ECA.

Leakage of bowel content during ICA is a significant and 
controversial issue. If bowel preparation is incomplete, the 
bowel contents may come out of the bowel when an opening 
for anastomosis is created. This can result in postoperative 
intraabdominal abscess formation and surgical site infections, 
both of which are associated with POI. In the present study, 

Table 5. Univariable and multivariable analysis of risk factors for postoperative ileus

Variable Reference 
category

Unadjusted Adjusted 

OR (95% CI) P-value OR (95% CI) P-value

Anastomosis technique, ICA ECA 0.067 (0.006–0.763) 0.029 0.098 (0.011–0.883) 0.038
Previous abdominal OP, yes None 6.753 (1.138–40.074) 0.036 5.269 (1.193–23.262) 0.028
Age (yr), >60 ≤60 2.781 (0.298–25.906) 0.369
Male sex Female sex 1.173 (0.251–5.485) 0.840
Body mass index (kg/m2) ≤23.4 0.659 (0.128–3.384) 0.617
ASA PS classification of ≥III I, II 0.911 (0.177–4.703) 0.912
OP time (min) ≤208 1.072 (0.221–5.199) 0.931
Anastomosis manner, end-to-side & end-to-end Side-to-side 0.910 (0.161–5.129) 0.915
Pain control, others IV PCA 1.111 (0.165–7.459) 0.914
T stage, III and IV Tis, I, II 0.227 (0.040–1.275) 0.092 0.306 (0.069–1.360) 0.120
Mean tumor size (cm) ≤4.75 0.795 (0.134–4.697) 0.800

OR, odds ratio; CI, confidence interval; ICA, intracorporeal anastomosis; ECA, extracorporeal anastomosis; OP, operation; ASA, 
American Society of Anesthesiology; PS, physical status. 
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there was no significant difference in surgical site infections, 
including intraabdominal abscesses. Scarborough et al. [23] also 
reported the preventive role of mechanical bowel preparation 
and prophylactic antibiotics in postoperative infectious 
complications. In our practice, we routinely perform mechanical 
bowel preparation 1 day before surgery, and we place gauze 
under the anastomotic site to minimize the spread of bowel 
content into the abdominal cavity during the anastomotic 
procedure. In addition, sufficient irrigation and suction are 
performed immediately after anastomosis.

POI can exacerbate patient pain and discomfort, lengthen 
hospitalization, and place a substantial burden on the healthcare 
system. The success of enhanced bowel recovery after surgery 
is directly linked to efforts to reduce POI, including minimally 
invasive surgeries. Previous studies demonstrated that ICA 
was associated with superior postoperative recovery outcomes, 
such as a shorter hospital stay and quicker bowel movements, 
compared with ECA [17,24-26]. In the present study, the incidence 
of POI was significantly lower, and the time to first flatus passage 
was significantly shorter in the ICA group than in the ECA group 
[26]. We believe that less traction on the mesentery and less 
bowel manipulation during ICA could result in lesser POI and 
quicker bowel recovery. ICA can be aggressively considered in 
patients with obesity, a thick bowel wall, or a short and thick 
mesentery requiring an enlarging minilaparotomy.

Some preoperative, intraoperative, and postoperative factors 
may influence POI. Bragg et al. [13] cited increased age, sex, 
opioid use, previous abdominal surgery, prolonged operation 
time, and blood loss as risk factors for POI in their meta-
analysis. Kronberg et al. [27] demonstrated that preoperative 
narcotic use and prior abdominal surgery were independent 
risk factors for POI after colorectal surgery, and Lee et al. 
[28] reported a correlation between POI and prior abdominal 
surgery in colorectal surgery. In our study, the ECA technique 
and prior major abdominal surgery were independent risk 
factors for POI, whereas there was no significant difference 
between the 2 groups with prior abdominal surgery. Although 
careful interpretation is required, we believe that it is necessary 
to actively consider the implementation of ICA in patients 
who have undergone major abdominal surgery in the past, 

unless minimally invasive surgery is impossible due to severe 
adhesions.

The current study bears several limitations, including its 
retrospective nature, small sample size, and selection bias 
as a result of surgeons choosing the anastomotic technique 
based on their individual preferences. Each surgical technique 
is performed in diverse iliocolic anastomosis manner, direct 
comparison between ICA and ECA in the same manner of 
anastomosis would need to be more convincing result. Due to 
the low incidence of events and small sample size, the study 
may have been underpowered to select appropriate statistical 
variables for POI. A multicenter study with a larger number of 
patients would validate the current findings and elucidate the 
benefits of ICA in greater detail.

In conclusion, the postoperative outcomes of patients who 
underwent LRC with ICA or ECA were comparable, and ICA 
could reduce the incidence of POI after LRC compared to ECA.
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