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Comparing the short-term results of the improved 
triangular anastomosis technique for complete 
laparoscopic radical resection of sigmoid colon 
cancer and laparoscopic-assisted small incision 
colon reconstruction
A CONSORT study
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Abstract 
The laparoscopic approaches using the triangular anastomosis technique for sigmoid colon cancer (SCC) are rare. This CONSORT 
study explored the short-term effects of laparoscopic radical resection of SCC with modified triangular anastomosis technique 
and laparoscopic-assisted small incision colon cancer reconstruction surgery. From April 2019 to January 2021, a total of 86 
patients with SCC who were admitted to Luopu County People’s Hospital were selected and received radical resection. Patients 
were divided into 2 groups using a random number table method: in the control group, patients underwent laparoscopic-assisted 
small-incision reconstruction surgery, and patients in the observation group underwent complete laparoscopic surgery with 
modified triangular anastomosis technique. The 2 groups were compared in perioperative related indicators and postoperative 
complications. After 3 months follow-up, local tumor recurrence and metastasis, abdominal wall puncture and implantation, and 
death were observed. Compared to the control group, shorter operation time, gastrointestinal reconstruction time, postoperative 
exhaust time, hospitalization time, and less intraoperative blood loss, and lower probability of complications were observed in the 
observation group (P < .05). However, there was no significant difference in the number of lymph node dissections between the 
2 groups (P > .05). After 3 months of follow-up, no local tumor recurrence, distant tumor metastasis, abdominal wall puncture 
implantation, and death were found in the 2 groups of patients. It is indicated that the improved triangular anastomosis technique 
for complete laparoscopic radical resection of SCC is effective in treatment for SCC.

Abbreviations: ASA = American Society of Anesthesiologists, BMI = body mass index, SCC = sigmoid colon cancer.

Keywords: colon cancer reconstruction surgery, laparoscopy, modified triangular anastomosis technique, sigmoid colon cancer

1. Introduction

Sigmoid colon cancer (SCC) is a common clinical malignant 
tumor of the digestive tract, which occurs in the colon between the 
descending colon and the rectum of the human body.[1] The main 
manifestations of early patients with SCC are abdominal pain, 
bloating, and indigestion.[2] As the disease progresses, the tumor 
metastasizes, thus causing a serious threat to the life and health.[3] 
The incidence of SCC is relatively high, and factors such as hered-
ity, colon disease history, polyps, and other factors can induce its 
appearance.[4,5] In order to improve the survival rate, patients need 
to receive diagnosis and treatment as soon as possible.

Radical SCC surgery is the first choice for clinical treatment 
of patients with SCC.[6] However, in terms of gastrointestinal 
reconstruction, the commonly used laparoscopic-assisted small 

incision colon reconstruction surgery has certain limitations. 
Restriction, when performing cutting and anastomosis opera-
tion, the intestinal tube needs to be dragged outside the abdomi-
nal cavity, which greatly increases the risk of infection and is not 
conducive to postoperative recovery.[7] Therefore, it is of great 
significance to use complete laparoscopic surgery to complete the 
operation of the digestive tract reconstruction inside the patient’s 
abdominal cavity.[8] The improved triangular anastomosis tech-
nique has the advantages of simple operation, less trauma, and 
high safety, which can be used in complete laparoscopic surgery 
to simplify the operation and improve the effect of the patient’s 
digestive tract reconstruction.[9] In order to explore the clinical 
efficacy of complete laparoscopic radical resection of the sig-
moid colon with improved triangular anastomosis technique, 86 
patients were selected for a comparative test in this study.
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2. Methods

2.1. General information

From April 2019 to January 2021, a total of 86 patients with 
SCC who were admitted to Luopu County People’s Hospital 
were enrolled in this study. They were divided into 2 groups: 
the control group (patients underwent laparoscopic-assisted 
small-incision reconstruction surgery); the observation group 
(patients underwent complete laparoscopic surgery with modi-
fied triangular anastomosis technique). This study was approved 
by the Medical Ethics Committee of Luopu County People’s 
Hospital, China.

Inclusion criteria: Patients who were diagnosed with SCC 
after undergoing colonoscopy[10]; Patients without tumor 
metastasis; Patients with American Society of Anesthesiologists 
(ASA) classification of I and II; The attending physician con-
firmed the patients who needed to undergo laparoscopic rad-
ical resection of SCC; Those who have signed the informed 
consent.

Exclusion criteria: Those with a history of abdominal sur-
gery; Those with severe organ diseases; Those with blood or 
immune system diseases; Those with a tumor diameter of more 
than 10 cm measured by computed tomography; Those with rel-
evant contraindications; Those who could not cooperate with 
the researcher.

2.2. Treatment procedure details

All patients underwent radical resection of SCC and used com-
pound polyethylene glycol electrolyte powder (manufacturer: 
Shenzhen Wanhe Pharmaceutical Co., Ltd., standard name of 
Chinese medicine: H20030828, specification: 137.15 g/bag) on 
1 day before operation, with warm water for each bag 1000 mL 
(600–1000 mL for the first time, 250 mL 15 minutes apart), until 
the watery stool was discharged, and an enema was performed 
to complete the intestinal preparation. After the patient’s tra-
cheal intubation was general anesthesia, they took the supine 
position, and the surgeon would routinely establish pneumo-
peritoneum. The pressure was maintained within the range of 
12 to 14 mm Hg and a five-hole incision was used. The obser-
vation hole was located at the lower edge of the umbilicus, the 
main operation hole was located at the right lower abdomen, 
and the auxiliary operation holes were located at the left and 
right upper abdomen slightly higher than the umbilicus and the 
left in the lower abdomen. A laparoscope was used to explore 
the surrounding conditions of the patient’s lesions, an ultrasonic 
knife was used to cut the posterior peritoneum, the sub mes-
enteric blood vessels were free and cut, the lymph nodes were 
cleaned, the sigmoid colon was freed, colon and upper rectum 
was descended, and sling ligation was used according to the 
tumor location at the end of the intestine.

The control group received laparoscopic-assisted small-in-
cision colon reconstruction surgery using a laparoscope lin-
ear cutting and closing device (brand: Chuyi, model: EC60A) 
by the surgeon. Briefly, the intestine was cut at the distal end 
of the tumor 5 cm, and the left lower abdomen was operated 
through the abdomen to make a rectus incision. After inserting 
a protective sleeve, the tumor and intestinal tube were dragged 
out of the abdominal cavity, the intestinal tube 5 cm proximal 
was removed to the tumor, and a circular stapler (manufac-
turing company: Changzhou Ankang Medical Instruments Co., 
Ltd., registration number: Su Xizhu Standard 20152020086, 
model: AKYWQA) was applied. The abutment seat was placed 
in the proximal colon, the operating rod was placed through 
the anus, the artificial pneumoperitoneum was reestablished, 
and the anastomosis was completed with the assistance of a 
laparoscope.

Patients in the observation group underwent laparoscopic 
modified triangular anastomosis reconstruction surgery. Briefly, 

the intestinal tube of patients was cut at 5 cm near and distal 
to the tumor by a surgeon, and the specimen was collected. 
And then the intestine was pulled, and the blood supply was 
observed using the cavity. The mirror linear cutting stapler was 
used to perform an anastomosis on the intestine, making the 
suture line in a V shape (as shown in Fig. 1). During the sutur-
ing process, the start, midpoint, and end of the opening were 
all sutured with one stitch to obtain a fixation effect. The front 
half of the opening was closed (as shown in Fig. 2), and then 
the back half was closed (as shown in Fig. 3). The reconstruc-
tion of the digestive tract was completed with the assistance 
of endoscopy, and the anastomosis was internally seamed. The 
nail line should be a curved obtuse triangle, and a small inci-
sion was made above the pubic bone to remove the specimen.

2.3. Observation indicators

The perioperative indicators of the 2 groups of patients were 
compared, including the operation time, digestive tract recon-
struction time, intraoperative blood loss, number of lymph 
node dissections, postoperative exhaust time, and hospital stay. 
Among them, the operation time referred to the time from the 
incision of the patient’s skin until the suture was completed, and 
the reconstruction time of the digestive tract referred to the time 
between the intestine from the incision in the operation and 

Figure 1. The staple line of the anastomosis is V-shaped.

Figure 2. Closing the front half of the opening.
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the intestine on the wall of the intestine. Intraoperative blood 
loss = intraoperative suction volume + gauze blood volume 
(each gauze was calculated based on 30 mL blood volume)-sur-
gery Medium rinse volume.

The postoperative complications of the 2 groups of patients 
were compared, including anastomotic bleeding, anastomotic 
leakage, lung infection, incision infection, etc.

After 3 months of follow up in the patients, the short-term 
curative effects of the 2 groups of patients receiving different 
treatment plans were compared, and the local recurrence of the 
tumor, the distant metastasis of the tumor, the implantation of 
the abdominal wall puncture hole, and the death were counted.

2.4. Statistical methods

The data were statistically analyzed using Statistical Product Service 
Solutions version 19.0 software (IBM, Chicago, IL). The count data 
was expressed by (%) and the χ2 test; the measurement data was 
expressed by mean ± standard deviation, and the t test was used. 
Logistic regression analysis was used for multiple factors. A P value 
<.05 indicated that the difference was statistically significant.

3. Results

3.1. General information of patients

General information of patients including age, sex, the body 
mass index (BMI), tumor size, ASA classification of tumor was 

compared between the control group and observation group 
(Table 1). There were 43 patients in the control group and 43 
patients in the observation group (P = .7345). The ratio of male 
to female was 26:17 in the control group and 27:16 in the obser-
vation group (P = .4398). The mean age was 62.50 ± 11.50 
years in the control group and 62.50 ± 10.50 years in the 
observation group (P = .5721). BMI was 20.50 ± 3.50 kg/
m2 in the control group and 19.50 ± 3.50 kg/m2 in the obser-
vation group (P = .0972). The largest tumor diameter was 
6.18 ± 2.06 cm in the control group and 6.19 ± 2.09 cm in 
the observation group (P = .1285). According to ASA classi-
fication, 29 cases of grade I and 14 cases of grade II were in 
the control group, 30 cases of grade I and 13 cases of grade 
II were in the observation (P > .05). Above findings suggest 
that the 2 groups of patients had no differences in gender, age, 
BMI, tumor size, ASA grade, and other data (P > .05).

3.2. Comparison of related indicators of the 2 groups of 
patients during the perioperative period

In the perioperative period, related indicators including oper-
ation time, gastrointestinal reconstruction time, postoperative 
exhaust time, hospitalization time, intraoperative blood loss, 
the number of lymph node dissected were evaluated between 
2 groups of patients (Table 2). Compared to the control group, 
shorter operation time, gastrointestinal reconstruction time, 
postoperative exhaust time and hospitalization time, and less 
intraoperative blood loss were found in the observation group 
(P < .05). However, there was no significant difference in the 
number of lymph node dissected between the 2 groups (P > .05).

3.3. Comparison of adverse events between the 2 groups 
after operation

After operation, adverse events such as anastomotic bleeding, 
anastomotic leakage, lung infection, incision infection, compli-
cation were compared (Table 3). It was indicated that, compared 
to the control group, a significantly lower probability of compli-
cations and incision infection was observed in the observation 
group (P < .05). Moreover, no significant changes were found in 
anastomotic bleeding, anastomotic leakage, and lung infection 
between the 2 groups (P > .05).

3.4. Comparison of the follow-up results of the 2 groups of 
patients

After 3 months of follow up in the 2 groups of patients, no 
local tumor recurrence, distant tumor metastasis, abdominal 
wall puncture implantation, and death were observed in the 2 
groups.

4. Discussion
SCC is a malignant tumor with a high incidence in mid-
dle-aged and elderly people, which is not easy to be found 
in the early stage. Most patients have entered the middle 
and late stages when they see a doctor, so the fatality rate 
of SCC is high.[11] The clinical treatment is based on surgi-
cal operations such as radical resection of SCC, which con-
trol the development and deterioration of tumors and delay 
the progress of cancer.[12] Traditional laparotomy will cause 
greater trauma to the patient’s body, which is not conducive to 
postoperative recovery, and has more complications and poor 
prognosis.[13] With the clinical promotion and application of 
laparoscopic technology, it has gradually replaced laparotomy 
and become the preferred treatment option for patients with 
SCC.[14] Laparoscopic radical resection of SCC means that 
the surgeon makes a small incision on the patient, inserts a 

Figure 3. Closing of the second half of the opening.

Table 1

Clinical characteristics of patients.

Items Control group Observation group P value 

Number of cases (n) 43 43 1.0000
Age (yr) 62.50 ± 11.50 (51–74) 62.50 ± 10.50 (52–73) .5721
Gender (M/F) 26:17 27:16 .4398
BMI (kg/m2) 20.50 ± 3.50 (17–24) 19.50 ± 3.50 (16–23) .0972
Tumor size (cm) 6.18 ± 2.06 (4.12–8.24) 6.19 ± 2.09 (4.10–8.28) .1285
ASA classification    
  Grade I 29 30 .0822
  Grade II 14 13 .0759
Intestinal obstruction    
  Yes 7 8 .1373
  No 36 35 .0946
Family history    
  Yes 4 3 .2759
  No 39 40 .1937

ASA = American Society of Anesthesiologists, BMI = body mass index.
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laparoscope and medical equipment, and completes opera-
tions such as blood vessel disconnection and intestinal release 
under the field of view provided by the laparoscope, thereby 
effectively shortening the exposure time of the abdominal cav-
ity and reducing intraoperative trauma of the patient, and the 
prognostic effect is improved.[15,16] Scholars found that lap-
aroscopic surgery for patients with SCC has a better thera-
peutic effect. However, due to the limited operation field, the 
patient’s intestinal tube needs to be dragged out of the abdom-
inal cavity and the digestive tract is reconstructed. To a certain 
extent, the difficulty of the operation and the risk of infection 
are increased.[17] With the continuous improvement of lapa-
roscopic technology, complete laparoscopic surgery can be 
promoted and applied in clinical practice. It means that with 
the assistance of laparoscopy, the surgeon completes all sur-
gical operations including the reconstruction of the digestive 
tract in the patient. The incision is used to take out the surgi-
cal specimen immediately, which greatly reduces the surgical 
incision, makes the abdominal cavity exposure time shorter, 
and effectively improves the patient’s postoperative recovery 
speed.[18,19] Triangular anastomosis is a new clinical technique 
for complete laparoscopic reconstruction of the digestive tract. 
It refers to the application of a linear cutting stapler to com-
plete the functional end-to-end anastomosis of the remnant 
stomach and the posterior wall of the duodenum. It is named, 
and the improved triangular anastomosis technique is a tech-
nology developed based on the triangular anastomosis. It has 
the advantages of low operation difficulty and less trauma, 
and has gradually become the first choice for complete lap-
aroscopic gastrointestinal reconstruction.[20,21] Compared to 
traditional laparoscopic-assisted small incisions for gastro-
intestinal reconstruction, complete laparoscopic surgery with 
improved triangular anastomosis technology does not need to 
close the incision and create a new pneumoperitoneum when 
performing intestinal stump anastomosis, and the circular sta-
pler is used to push the nail. The seat can be directly inserted 
through the auxiliary incision, which not only saves the cost 
of establishing a pneumoperitoneum during the operation, but 
also greatly shortens the operation time. At the same time, the 
surgeon can look directly at the anastomosis with the assis-
tance of a laparoscope to complete the anastomosis operation. 
It greatly reduces the difficulty of the operation and helps to 
avoid the patient’s injury during the process, thereby reducing 
the risk of complications such as anastomotic bleeding, which 
is in line with the minimally invasive concept in clinical surgi-
cal treatment.[22,23] In this study, the short-term effects of lap-
aroscopic radical resection of SCC with modified triangular 

anastomosis technique and laparoscopic-assisted small inci-
sion colon cancer reconstruction surgery were evaluated and 
found that the triangular anastomosis technique for complete 
laparoscopic radical resection of SCC is more effective in 
treatment for SCC than laparoscopic-assisted small incision 
colon cancer reconstruction surgery.

According to the results of this study, compared to the con-
trol group, the observation group had shorter operation time, 
gastrointestinal reconstruction time, postoperative exhaust 
time, hospitalization time, and less intraoperative blood loss, 
and a significantly lower probability of complications (P < .05). 
Through analysis, it can be seen that both groups of patients 
received the same radical resection of SCC, but when per-
forming gastrointestinal reconstruction operations, the control 
group used laparoscopic-assisted small incision colon recon-
struction surgery, which required the surgeon to perform an 
incision on the patient to establish air in the process. Thus, 
the patient’s abdominal cavity was exposed to the air, which 
is very likely to cause infection and the increased incidence of 
postoperative complications. The observation group adopted 
the improved triangular anastomosis technique. For complete 
laparoscopic surgery, the stapler can be inserted through the 
existing auxiliary incision to complete the relevant operation, 
which simplifies the operation, and uses the feedback of the lap-
aroscopic to perform anastomosis on the intestines for reducing 
the difficulty of the operation. Therefore, the operation time 
and gastrointestinal reconstruction time are shortened, and the 
intraoperative trauma is less, which is beneficial to the recovery 
of the gastrointestinal tract. The probability of postoperative 
complications is also reduced. In terms of the number of intra-
operative lymph node dissections and postoperative follow-up 
data, the 2 treatment options are not quite different, suggesting 
that the 2 types of surgeries have better therapeutic effects.

The present study had several limitations. First, because the 
study was only obtained from our hospital. Hence, there was 
a possibility of selection bias due to the single-hospital study. 
Second, the number of this study was limited, and a longitudi-
nal study using more samples is required to further support the 
results of this study. Third, patients may have difficulty judging 
the severity of comorbidities, so the severity was not evaluated 
in the present study.

5. Conclusions
In summary, the laparoscopic radical resection of SCC using 
the improved triangular anastomosis technique has good ther-
apeutic effects than laparoscopic-assisted small-incision colon 

Table 2 

Comparison of perioperative indicators between the 2 groups of patients (mean ± SD).

Groups 
Operation time 

(min) 
Digestive tract 

reconstruction time (min) 
Intraoperative 

blood loss (mL) 
Number of lymph nodes 

dissected (Piece) 
Postoperative 

exhaust time (d) 
Hospital 
stay (d) 

Control group 184.39 ± 25.22 42.93 ± 8.27 67.43 ± 16.38 16.78 ± 3.47 3.63 ± 1.17 14.34 ± 4.21
Observation group 163.52 ± 23.36 31.85 ± 9.33 51.36 ± 16.35 16.62 ± 3.54 2.84 ± 1.06 10.61 ± 3.52
t 3.981 5.828 4.553 0.212 3.281 4.457
P value .000 .000 .000 .833 .002 .000

Table 3 

Comparison of adverse events postoperation between the 2 groups of patients [n(%)].

Groups Anastomotic bleeding Anastomotic leakage Lung infection Incision infection Complication 

Control group 2 (4.65%) 1 (2.33%) 3 (6.98%) 2 (4.65%) 8 (18.60%)
Observation group 1 (2.33%) 1 (2.33%) 1 (2.33%) 0 (0.00%) 3 (6.98%)
x2 0.799 0.000 2.436 4.761 6.053
P value .371 1.000 .119 .029 .014
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reconstruction surgery. Complete laparoscopic surgery using 
the improved triangular anastomosis technique can effectively 
reduce the surgical trauma of the patient, shorten the operation 
time, and reduce the probability of postoperative complications. 
Furthermore, the patient will recover faster after the operation, 
the short-term effect is high, and it has a higher clinical effect on 
the promotion value.
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