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Abstract
Background  This study aims to evaluate the feasibility and safety of two intestinal fecal diversion methods using 
novel stents to prevent anastomotic leakage after surgery for middle and lower rectal cancer, and to compare their 
advantages and disadvantages for clinical application.

Methods  A retrospective analysis was conducted on 101 patients who underwent laparoscopic radical 
resection(LAR) for rectal cancer at Yongchuan Hospital from June 2021 to March 2024. Patients were divided into 
three groups: 26 in the ileum group (using terminal ileal stents) ,54 in the in situ group (using rectal in situ covered 
stents) and 21 in the control group. Preoperative, surgical, and postoperative data were compared among the three 
groups.

Results  No significant differences were found in baseline characteristics, surgical data, or the occurrence of 
postoperative anastomotic leakage or other complications. The in situ group showed no statistically significant 
differences from the control group in the postoperative hospital stay(12.6 ± 3.7 vs. 11.4 ± 2.9days, p > 0.05 ), total cost 
of hospitalization (48903.58 ± 7094.14 vs. 82205.77 ± 12222.41yuan, p > 0.05). Moreover, the ileum group in these 
comparisons performed worse than the control group. After incorporating data related to stoma closure surgery, 
the in situ group and ileum group showed significant advantages in overall hospitalization costs(59085.88 ± 7460.79 
vs. 48903.58 ± 7094.14 vs. 81418.32 ± 11186.78yuan, p < 0.05), and the in-situ group also had shorter overall hospital 
stay(17.6 ± 5.0 vs. 22.2 ± 4.0days, p < 0.05).

Conclusions  Both fecal diversion methods showed acceptable rates of postoperative anastomotic leakage and 
can avoid a second stoma closure surgery. The in situ covered stent method seemed better as it not only saved 
hospitalization time and costs but also made postoperative management simpler and more efficient.
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Background
Rectal cancers, particularly low and middle rectal can-
cers, account for 70–75% of cases and have a rising 
incidence [1]– [2]. Early-stage low rectal cancer often 
requires abdominoperineal resection, leading to per-
manent stomas that significantly impact quality of life. 
Patients increasingly prefer anus-preserving surgeries, 
raising the risk of anastomotic leakage, the most com-
mon complication of laparoscopic radical resection [3], 
which can cause severe infections and higher hospitaliza-
tion costs. While creating a preventive stoma of the ter-
minal ileum can prevent infections after leakage [4]– [5], 
it necessitates stoma closure, further diminishing quality 
of life and increasing medical burdens.

By using a novel intestinal stent, our department inno-
vatively implemented two different surgical methods to 
replace preventive ostomy: intestinal fecal diversion via 
a terminal ileal stent and intestinal fecal diversion via a 
rectal in situ covered stent. This study aimed to compare 
the safety and feasibility of two novel and distinct surgical 
methods preventing anastomotic leakage in patients with 
low rectal cancer.

Methods
Research objects
The data of patients with low rectal cancer who under-
went laparoscopic radical resection (low anterior resec-
tion, LAR) at Yongchuan Hospital Affiliated with 
Chongqing Medical University between June 2021 and 
march 2024 were retrospectively analyzed. After apply-
ing the inclusion and exclusion criteria outlined below, 
a total of 101 patients were included. Among them, 26 
patients who underwent intestinal fecal diversion with 
terminal ileal stents composed the ileum group, 54 
patients who underwent intestinal fecal diversion with 
rectal in situ covered stents composed the in situ group, 
21patients who underwent without stents composed the 
control group. Ethical approval was obtained from the 
ethics committee of the Yongchuan Affiliated Hospital 
of Chongqing Medical University (202260). All patients 
signed the informed consents.

Inclusion and exclusion criteria
Inclusion criteria: a diagnosis of a malignant rectal tumor, 
laparoscopic radical resection for rectal cancer (LAR), 
a distance between the distal end of the tumor and the 
anus of at most 8 cm, preventive ostomy or implanta-
tion with one of the novel intestinal stents for intestinal 
diversion.

Exclusion criteria: the presence of liver, lung or dis-
tant metastasis; acute intestinal obstruction; emer-
gency surgery; previous laparoscopic surgery; liver 
cirrhosis or severe malnutrition; and long-term use of 
glucocorticoids.

Surgical methods
Ileum group
The terminal ileal stent method was used to replace 
preventive ostomy, and laparoscopic radical resection 
for rectal cancer was performed via the standard LAR 
approach. The stent installation method was as follows: 
(1) Stent placement: After radical tumor resection, the 
ileal segment 15–20 cm from the ileocecal region was 
selected as the bowel segment for diversion. A 2-cm 
transverse incision was made along the small bowel 
wall. Then, a novel bio-disintegrable stent (Waken, Zhe 
Jiang, China) with a diameter corresponding to the intes-
tinal wall was placed through the incision(closed type, 
model: BIS-HB, Fig. 1 A), the bowel incision was closed 
with interrupted sutures, and the intestinal stent is fixed 
to the intestinal wall with a double knot of 2 − 0 absorb-
able suture. (Johnson & Johnson VICRYL30). Completely 
block the flow of small intestine contents towards the dis-
tal end, through the anastomosis. (2) Drain placement: A 
5-mm longitudinal incision was made along the intesti-
nal wall approximately 5 cm from the proximal end of the 
stent. Then, an F28 latex drain(mushroom-shaped tube) 
was placed through the incision, divert the intestinal con-
tents outside the body. The latex drain was fixed with a 
semipurse-string suture. (3) Drain fixation: An incision 
of approximately 1 cm was made at the lateral edge of 
the right upper rectus abdominis. The latex drain was 
pulled out of the abdominal cavity, the bowel wall around 
the drain was sutured to the peritoneum, and the latex 
drain was sutured and fixed in the dermis. After about 20 
days, the intestinal stent degrades, and intestinal patency 
is restored; the small intestine wall adheres tightly to 
the abdominal wall, forming a fistula, and removing the 
drainage tube allows the skin to heal. For more informa-
tion on the novel stent and surgical methods, please refer 
to previous articles published by our team [6].

In situ group
A rectal in situ covered stent was used for intestinal 
diversion, and laparoscopic radical resection of rectal 
cancer was also performed via standard LAR approach. 
The stent installation method was as follows: (1) Assem-
bly: the cover (balloon with the closed end cut off) was 
fixed to the outer surface of the novel bio-disintegrable 
stent (hollow type, model: BIS-H, Fig. 1B) with non-
absorbable No. 10 suture, and the end of the cover was 
tied tightly with the suture for later use. (2) Placement: 
the disintegrable covered stent was placed completely in 
the proximal colonic lumen, approximately 5 cm from 
the stumped end of the colon. (3) Fixation: outside the 
intestinal tube, 2 − 0 absorbable sutures (Johnson & John-
son VICRYL30) were used to fix the stent onto the intes-
tinal tube. (4) Anastomosis: the proximal colon stump 
was sutured with a purse-string suture, and the sigmoid 
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colon and the distal rectum were anastomosed with a dis-
posable tubular stapler. An inflation test was performed 
through the anus after formation of the anastomosis to 
ensure that the anastomosis was well crafted. During the 
operation, the suture at the end of the cover was tied to 
the mushroom head of the tubular stapler to facilitate 
the subsequent operation. (5) Adjustment: the cover was 
pulled out from the anus through the suture at the end 
of the cover and placed outside the anus, and the termi-
nal sutures were cut. For details on the surgical methods, 
please refer to the published articles by our team [7].

Control group
 Laparoscopic radical resection for rectal cancer was 
performed via the standard LAR approach. Prophylactic 
ileostomy to prevent anastomotic leakage of the rectum.

Postoperative management
Patients in the ileum group were required to keep the 
ileostomy tube unobstructed after the surgery. The 
daily drainage volume was recorded, and if the vol-
ume was significantly reduced, the patient was asked to 
carefully monitor for obstructions of the ostomy tube. 

Angiography was performed 7 days after surgery, before 
discharge, and before removing the ostomy tube to con-
firm the patency of the tube and completeness of the 
diversion. In the in situ group, the angiographic exami-
nation was performed 7 days and 20 + days after surgery 
(covering the area between the rectal wall and the cover 
through the anus) to confirm complete diversion and that 
the stent had been expelled from the body. Figure. 2 parts 
A - B - C - D shows postoperative angiographic images 
from patients in the ileum group, and Figure. 3 parts A - 
B - C - D shows postoperative angiographic images from 
patients in the in situ group and colonoscopy images 3 
months after surgery.

Data collection
For all groups, general data, including sex, age, history of 
hypertension, diabetes, history of heart disease, history 
of emphysema, Nutritional Risk Screening 2002 (NRS-
2002) score, body mass index (BMI), American Society 
of Anesthesiologists (ASA) classification, and preopera-
tive hemoglobin (Hb) and albumin (ALB) levels, were 
collected.

Fig. 1  Novel biocompatible stents a: Closed type. b: Hollow type. c: Surgical rendering of the Ileum group. d: Surgical rendering of the In situ group
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Surgical data included the duration of surgery, the 
amount of surgical blood loss, the location of the tumor, 
the distance from the anastomotic stoma to the anus, the 
number of reinforced reloads, the tumor diameter, the 
pathological tumor-node-metastasis (pTNM) stage, and 
the number of lymph nodes dissected.

Postoperative data included whether there was anasto-
motic leakage, assessed through an abdominal CT scan 
before discharge (Defined by International Study Group 
of Rectal Cancer, ISREC), the total length of hospitaliza-
tion stay, overall hospital stay(LAR and stoma closure 
surgery), the length of postoperative hospital stay, the 
presence of other related complications (such as lung 
infection, urinary tract infection, tube detachment, chyle 
leakage, and wound infection), the time to removing the 
drainage tube (the in situ group and control group refer 
to the removal of the abdominal drainage tube, while 
the ileum group refers to the removal of the ileostomy 
tube), the time to the first postoperative chemotherapy, 
the total hospitalization costs and overall hospitalization 
cost(LAR and stoma closure surgery).

Statistical methods
SPSS 25.0 was used to analyze the data. Metric data that 
follows a normal distribution is expressed as 

∼
x±s, with 

multiple group comparisons performed using ANOVA 
and pairwise comparisons using T-tests. For metric data 
that does not follow a normal distribution, intergroup 
comparisons are made using median values and non-
parametric tests (Mann-Whitney U test). Count data is 
presented as n(%), and intergroup comparisons are done 
using chi-square tests. A P-value of less than 0.05 indi-
cates statistically significant differences.

Results
Preoperative general information
There were no significant differences in the male-to-
female ratio, age, BMI, preoperative NRS 2002 score, 
ASA classification, preoperative HB or ALB levels, or 
number of patients with comorbidities (heart disease, 
chronic obstructive pulmonary disease (COPD), diabe-
tes, rcTx(Preoperative primary tumor staging), or hyper-
tension among the three group (p > 0.05). (Table 1)

Fig. 2  a: Angiographic images from patients in the ileum group, showing the ileostomy tube 7 days after surgery; no contrast agent has passed between 
the stent and the bowel wall. b: Angiographic images from patients in the ileum group, showing the ileostomy tube 14 days after surgery; no contrast 
agent has passed through the bowel wall. c, d: Angiographic images from the patients in the ileum group, showing the ileostomy tube 27 days after 
surgery. Ruptured stent fragments are observed in the ascending colon, and the contrast agent has passed through the small intestine.
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Surgery and tumor staging
None of the surgery-related conditions or tumor charac-
teristics, including the surgical duration, the number of 
reinforced reloads, the volume of intraoperative blood 
loss, the length of the tumor(The distance from the lower 
edge of the tumor to the anus), the distance between the 
anastomosis and the anus, the tumor diameter, the total 
number of dissected lymph nodes, or the proportions of 
patients with different TNM stages, were significantly 
different among the three group (p > 0.05), as shown in 
Table 2.

Safety indicators (e.g., postoperative complications)
No significant differences were found in the occur-
rence of postoperative anastomotic leakage (3.8% vs. 
0% vs. 4.6%, p = 0.313) or other complications (23.1% vs. 
20.4% vs. 22.7%, p = 0.952). The total length of hospital 
stay、the length of postoperative hospital stay、the total 
hospitalization costs、the time to removing the drain-
age tube and the time to the first chemotherapy session 
after surgery in the ileum group was significantly dif-
ferent from the other two group (p < 0.05). The ileum 
group had significantly lower overall hospitalization cost 
compared to the control group(60336.38 ± 7377.77 vs. 
81418.32 ± 11186.78, p < 0.05). The in situ group showed 
no statistically significant differences from the con-
trol group in the postoperative hospital stay(12.6 ± 3.7 

Table 1  The preoperative general data of the three groups of 
patients[M(P25,P75),n%, x±s]
∼
x

Item
Group

Ileum
group 
(n = 26)

In situ
group 
(n = 54)

Control 
group(n = 22)

p

Sex 0.539
  Male 16(61.5) 32(59.3) 16(72.7)
  Women 10(38.5) 22(40.7) 6(27.3)
  Age (years) 61.2 ± 11.5 65.7 ± 10.8 62.6 ± 11.7 0.204
  BMI (kg/m2) 23.6 ± 3.1 22.8 ± 2.8 22.7 ± 2.4 0.410
NRS2002 0.402
  ≥ 3 6(23.1) 16(29.6) 9(40.9)
  < 3 20(76.9) 38(70.4) 13(59.1)
ASA 0.461
  ≥III 14(53.8) 24(44.4) 13(59.1)
  < III 12(46.2) 30(55.6) 9(40.9)
  Preoperative HB 
(g/L)

127.7 ± 21.0 124.6 ± 21.6 128.4 ± 17.2 0.709

  Preoperative ALB 
(g/L)

40.5 ± 3.2 40.4 ± 3.6 40.5 ± 2.5 0.989

  Heart disease 0(0) 1(1.9) 2(9.1) 0.140
  COPD 1(3.8) 7(13.0) 4(18.2) 0.284
  Diabetes 4(15.4) 11(20.4) 5(22.7) 0.799
  Hypertension 6(23.1) 20(37.0) 6(27.3) 0.405
rcTx 0.998
  T2 6(23.1) 13(24.1) 4(22.5)
  T3 19(73.1) 39(72.2) 17(77.3)
  T4 1(3.8) 2(3.7) 1(4.5)

Table 2  The surgical and tumor staging situations of the three 
groups of patients[M (P25, P75), n%, x±s]
∼
x

Item
Group

Ileum group
(n = 26)

In situ 
group
(n = 54)

Control 
group(n = 22)

p

Surgery time (min) 222.2 ± 32.0 237.9 ± 59.0 239.8 ± 27.1 0.329
Number of 
reinforced reloads 
(pieces)

2(1,2) 2(1,2) 2(1,2) 0.806

Intraoperative blood 
loss (ml)

49.6 ± 23.0 57.6 ± 47.9 40.0 ± 24.1 0.192

Tumor length (cm) 7.0(6.0,8.25) 8.0(6.0,10.0) 7.0(6.1,7.6) 0.196
Distance from anas-
tomosis to anus (cm)

5.0(4.0,6.0) 5.5(4.0,7.0) 4.8(3.5,6.0) 0.068

Tumor diameter 
(cm)

3.3(3.0,4.0) 4.0(3.0,5.0) 3.0(2.8,4.0) 0.079

Number of dissected 
lymph nodes

15(13,20) 13(10,18) 13(10,15) 0.076

TNM stage 0.610
  Stage I 4(15.4) 9(16.7) 3(13.6)
  Stage II 12(46.2) 21(38.9) 13(59.1)
  Stage III 10(38.4) 24(44.4) 6(27.3)

Fig. 3  a: Angiographic images from patients in the in situ group 7 days 
after surgery, covering the area between the rectal wall and the cover 
through the anus; no contrast is shown to have leaked into the proximal 
colon. b: The novel intestinal stent has been completely extruded from 
the body in a patient from the in situ group 23 days after surgery. c, d: 
Three months after surgery, the anastomosis is smooth, and the intestinal 
segment with the stent fixed to the proximal end of anastomotic stoma 
has not stenosed
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vs. 11.4 ± 2.9days, p > 0.05), total cost of hospitaliza-
tion (48903.58 ± 7094.14 vs. 50614.86 ± 4818.02yuan, 
p > 0.05), the time to removing the drainage tube 
(9.0(8.0,9.5) vs. 8.0(7.0,9.0)days, p > 0.05), and time to 
first chemotherapy session after surgery(27.0(24.5,30.0) 
vs. 26.0(25.0,27.0)days, p > 0.05). The in situ group had 
an advantage over the control group in terms of over-
all hospital stay (17.6 ± 5.0 vs. 22.2 ± 4.0days, p < 0.05)
and overall hospitalization costs(48903.58 ± 7094.14 vs. 
81418.32 ± 11186.78yuan, p < 0.05). (Table 3)

Discussion
To ensure a safe surgery and avoid severe abdominal 
infection caused by anastomotic leakage, surgeons often 
employ preventive stomata in anus-preserving surgery 
for low rectal cancer, which is currently the most mature 
and effective solution [8]; however, complications such as 
stoma prolapse, parastomal hernia, and peristomal infec-
tion are possible, requiring stoma closure further reduc-
ing the quality of life of the patient while they have the 
stoma and increasing their economic burden [9–11]. W. 
Bugiantella et al. used the ALPPI (Anastomotic Leak Pre-
vention by Probe Ileostomy) approach for fecal diversion, 
which can avoid a second stoma surgery [12]– [13]. Using 
a novel intestinal stent, our department innovatively 
implemented two different surgical methods to replace 
the preventive stoma, i.e., the terminal ileal stent method 
and the rectal in situ cover stent method for intestinal 
diversion. Both surgical methods achieved good results 
in actual clinical application. The significant advantage of 
these new surgical methods is that the preventive stoma 
is replaced, preventing anastomotic leakage, avoiding the 
need for stoma closure, and reducing the costs of a sec-
ond surgery and the length of hospitalization, thus reduc-
ing the financial burden and surgical pain for the patient.

The probability of anastomotic leakage after low rectal 
cancer surgery is approximately 7–10%, and the risk of 
Grade C leakage is 5% [14–16]. In this study, one patient 
experienced Grade C leakage in the ileum group. This 
patient was admitted to the hospital due to rectal cancer 
combined with obstruction. The obstruction was relieved 
after conservative treatment such as fasting, gastrointes-
tinal decompression, and enema, the patient underwent 
laparoscopic surgery two weeks later. Owing to edema of 
the bowel wall and poor preparation of the bowel wall, 
the patient experienced anastomotic leakage developed 
peritonitis; after undergoing transverse colostomy, the 
patient was discharged from the hospital. No patient 
in the in situ group experienced anastomotic leakage. 
One patient experienced Grade A leakage in the control 
group, the patient recovered after antibiotic treatment. In 
this study, the total incidence of anastomotic leakage in 
the two groups was 1.25%, similar to our control group 
and the findings of previous studies that used preventive 
stoma, indicating that intestinal diversion via the stent 
method can effectively divert the fecal stream and reduce 
the risk of severe abdominal infection caused by anasto-
motic leakage; moreover, the procedure is safe, effective, 
and easily translated to for clinical application. Patients 
with low rectal cancer who receive AR after neoadjuvant 
therapy are at significantly elevated risk of anastomotic 
leakage [17], and thus most surgeons choose to perform 
preventive ostomy of the terminal ileum. In this study, 
3 patients (1 in the ileum group, 2 in the in situ group)
underwent preoperative neoadjuvant radiotherapy, and 
no anastomotic leakage occurred after surgery via the 
stent method, indicating that intestinal diversion via the 
stent method may have more extensive application pros-
pects. However, large-sample data are needed to validate 
the effectiveness of the procedures.

Table 3  The postoperative safety indicators and complication situations of the three groups of patients [M (P25, P75), n%, ±s]
Item
Group

Ileum group (n = 26) In situ group
(n = 54)

Control group(n = 22) p

Anastomotic fistulae 1(3.8) 0(0) 1(4.6) 0.313
Total length of hospital stay (days) 21.5 ± 6.2a 17.6 ± 5.0b 14.5 ± 3.4 < 0.001
Overall stay(LAR and stoma closure surgery) 21.5 ± 6.2 17.6 ± 5.0b 22.2 ± 4.0 < 0.001
Length of postoperative hospital stay (days) 14.5 ± 3.3a 12.6 ± 3.7 11.4 ± 2.9 0.008
Total cost of hospitalization (yuan) 60336.38 ± 7377.77a 48903.58 ± 7094.14 50614.86 ± 4818.02 < 0.001
Overall cost(LAR and stoma closure surgery) 60336.38 ± 7377.77a 48903.58 ± 7094.14b 81418.32 ± 11186.78 < 0.001
Time to removing the drainage tube (days) 26.0(25.0,28.0)a 9.0(8.0,9.5) 8.0(7.0,9.0) < 0.001
Time to first chemotherapy session after surgery (days) 43.0(38.0,48.5)a 27.0(24.5,30.0) 26.0(25.0,27.0) < 0.001
Other postoperative complications 6(23.1) 11(20.4) 5(22.7) 0.952
Lung infection 1 4 3
Urinary tract infection 2 3 1
Ostomy tube detachment/stent protective cover detachment 2 2 0
Chyle leakage 1 1 0
Wound infection 0 1 1
aThe ileum group had a p < 0.05 compared to the control group
bThe in situ group had a p < 0.05 compared to the control group
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Other postoperative complications occurred in 6 
patients in the ileum group, with an incidence of 23.1%, 
including 2 patients with stoma tube detachment, 1 
with lung infection, 2 with urinary tract infection, and 
1 with chyle leakage. Eleven patients in the in situ group 
developed postoperative complications, with an inci-
dence of 20.4%, including 4 patients with lung infection, 
3 with urinary tract infection, 1 with chyle leakage, 1 
with wound infection, and 2 with stent protective cover 
detachment. 5 patients in the control group developed 
postoperative complications, with an incidence of 22.7%, 
including 3 patients with lung infection, 1 with urinary 
tract infection, 1 with wound infection. There were no 
significant difference in the incidence of other compli-
cations among the three groups, and the observed inci-
dences were all within the clinically acceptable range 
and are similar to those reported in previous studies 
[18]– [19]. Stoma tube detachment is a serious compli-
cation that can lead to intestinal obstruction. In clinical 
practice, the drainage tube is replaced through angiog-
raphy to avoid further aggravation and prevent injury 
to the patient; tube fixation with multiple sutures and 
intensive postoperative education may reduce the inci-
dence of stoma tube detachment. The stent protective 
cover fell off in 2 patients in the in situ group on the 3rd 
and 5th days after surgery. Although no complications, 
such as anastomotic leakage, occurred after this detach-
ment, the protective cover needs to be in place to prop-
erly divert the feces; diversion failure can increase the 
risk of anastomotic leakage and reduce the trust between 
the doctor and the patient. When the procedure was ini-
tially performed, a latex condom was used as a protec-
tive cover in our department. Because the latex condom 
is relatively weak, however, the protective cover would 
detach or break if the patient pulled it accidentally. Dur-
ing later implementations of the surgery, a vaginal ultra-
sound probe cover was used as the protective cover, and 
no detachment occurred.

The length postoperative hospital stay of the ileum 
group was significantly greater than that of the con-
trol group (14.5 ± 3.3 vs. 11.4 ± 2.9, p < 0.05), as were 
the total hospitalization costs (60336.38 ± 7377.77 vs. 
50614.86 ± 4818.02, p < 0.05). However, when consider-
ing the costs associated with stoma closure, the ileum 
group was clearly more cost-effective(60336.38 ± 7377.77 
vs. 81418.32 ± 11186.78, p < 0.05). In the ileum group, 
the average stent dissolution time was 3–4 weeks, dur-
ing which time the patient needed to use a stoma tube 
to drain the intestinal fluid. The length of stoma tube 
usage was up to 27.0 ± 3.0 days. During the indwelling 
tube period, tube detachment and tube obstruction are 
possible. After surgery, the drainage volume should be 
closely monitored, and the tube should be irrigated to 
maintain patency if necessary. These factors increase the 

difficulty of postoperative management, reduce the con-
fidence of doctors and patients at discharge, and prolong 
the length of hospitalization. The patients in the in situ 
group had an abdominal drainage tube for 9.0(8.0,9.5) 
days after surgery, and the patients were discharged from 
the hospital after they could tolerate a liquid diet. In the 
postoperative management of the ileum group, to reduce 
the risk of stoma tube obstruction, a parenteral nutrition 
support program was often implemented, typically for a 
longer duration than normal, and 3–5 somatostatin was 
administered postoperatively to inhibit gastrointestinal 
tract secretions to reduce the intestinal contents, thus 
avoiding abdominal infections caused by anastomotic 
leakage; therefore, the patients started eating solid foods 
late after surgery. The hospitalization costs of the patients 
in the ileum group were greater due to the prolonged 
hospital stays and duration of parenteral nutrition sup-
port. However, the in situ group showed no statistically 
significant differences from the control group in the post-
operative hospital stay(12.6 ± 3.7 vs. 11.4 ± 2.9, p > 0.05) 
and the total cost of hospitalization (48903.58 ± 7094.14 
vs. 50614.86 ± 4818.02, p > 0.05). This means that both 
the hospital stay time and costs for subsequent second-
ary stoma closure surgery were completely saved. As our 
data shows, when the hospitalization costs and duration 
for stoma closure surgery were included, the in situ group 
had a clear advantage.

In the ileum group, after the stent dissolved and rup-
tured, the patients were required to undergo digestive 
tract angiography to confirm that the intestinal tract was 
unobstructed so that the stoma tube could be removed. 
After removing the stoma tube, the opening of the fis-
tula was closed with Vaseline-soaked gauze and was usu-
ally healed within 7 to 10 days. Owing to the formation 
of adhesions between the small intestine wall and the 
peritoneum, the arrangement and structure of the small 
intestine in the abdominal cavity is altered, which may 
increase the incidence of postoperative bowel obstruc-
tion and the difficulty of second abdominal surgery. 
Patients in the ileum group did not develop adhesive 
bowel obstruction in the short term after surgery, but 
follow-up is still needed to observe long-term complica-
tions. After the stent has dissolved and ruptured, patients 
treated with the in situ method can pass it out of the body 
without a second surgical operation, dressing changes or 
other treatments, and they do not require long-term oral 
nutrition preparations after surgery, resulting in reduced 
examination costs. In addition, for patients treated with 
the rectal in situ covered stent approach, the feces are 
excreted through normal physiological structures; thus, 
the postoperative absorption of nutrients, water and 
electrolytes are not affected, and so the patients toler-
ated the approach well. Moreover, the intestinal arrange-
ment is not altered during rectal in situ covered stent 
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surgery, which reduces the risk of complications such 
as long-term intestinal obstruction. Notably, due to the 
presence of the stent, a subset of patients in the in situ 
group reported a notably pronounced sensation of anal 
heaviness, while others exhibited incomplete defeca-
tion control accompanied by increased bowel movement 
frequency.

According to the National Comprehensive Cancer Net-
work (NCCN) guidelines for rectal cancer and previous 
clinical studies, patients are recommended to undergo 
their first adjuvant chemotherapy session 3–4 weeks after 
surgery for rectal cancer [20]– [21]. In this study the time 
to the first chemotherapy session in the ileum group was 
significantly later than that of the in situ group and the 
control group ((43.0 (38.0, 48.5) vs. 27.0 (24.5, 30.0) vs. 
26.0(25.0,27.0), p < 0.05). In the ileum group, the patients 
needed to wait for the stent to dissolve and the intestinal 
patency to be restored, allowing them to eat and drink 
normally for approximately 3–4 weeks. After removing 
the stoma tube, the intestinal fistula wound healed com-
pletely approximately 1 week. Since premature chemo-
therapy would affect the healing of the intestinal fistula 
wound, the time until for the first cycle of chemotherapy 
could be started in the ileum group was significantly lon-
ger than that of the control group. Such a delay for the 
first round of chemotherapy after surgery may affect the 
long-term outcomes of rectal cancer patients, increase 
the risk of local recurrence and distant metastasis, and 
reduce overall and progression-free survival. There was 
no such concern in the in-situ group due to the time to 
the first chemotherapy session done not significantly 
differ from the control group. In the future, we plan to 
carry out further relevant studies to more thoroughly 
assess the impact of chemotherapy session delay on these 
patients [22]– [23].

Conclusions
Both methods have acceptable leakage rates comparable 
to protective ileostomy as there is no statistically sig-
nificant difference between the three groups. But these 
novel stent fecal diversion methods provide alternatives 
to stoma creation, avoiding the need for stoma closure 
and alleviating patient burdens. The rectal in situ cov-
ered stent method did not fare worse than the control 
group in terms of postoperative hospital stay, total cost 
of hospitalization, the time to removing the drainage 
tube, and time to first chemotherapy session after sur-
gery. Moreover, considering the hospitalization costs 
and duration associated with stoma closure, it actually 
offered advantages, making it preferable for clinical use. 
However, there are still some issues with using terminal 
ileum stents that require enhanced clinical management 
and improvement. This study is a single-center retrospec-
tive study with a small sample size, and both the data and 

conclusions have limitations. This study also lacks rele-
vant data reflecting changes in postoperative defecation 
sensation for the in situ group, as well as the condition of 
the rectum after the dissolution of the stent. Future mul-
ticenter, prospective studies are needed to confirm these 
findings and assess long-term outcomes.
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