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Abstract
Introduction  This study aimed to compare the short-term and survival outcomes in laparoscopic low rectal cancer 
surgery with three different specimen extraction techniques, and whether it affects loop ileostomy closure.

Materials and methods  A consecutive series of patients with low rectal cancer who underwent laparoscopic low 
anterior resection plus protective loop ileostomy (LAR-PLI) were enrolled. Three main techniques, namely specimen 
extraction through auxiliary incision (EXAI), specimen extraction through stoma incision (EXSI), and specimen eversion 
and extra-abdominal resection (EVER), were employed. The postoperative short-term and survival outcomes of the 
three techniques and the impact on loop ileostomy closure were compared.

Results  In all, 254 patients were enrolled in this study: 104 (40.9%) in the EXAI group, 104 (40.9%) in the EXSI group, 
and 46 (18.1%) in the EVER group. For primary surgery, EXAI group had significantly longer operative time (P < 0.001), 
more intraoperative bleeding (P < 0.001), longer length of abdominal incision (P<0.001), longer time to first flatus 
(P < 0.001), longer time to first defecation (P < 0.001), longer time to first eat (P < 0.001), and longer postoperative 
hospital stays (P = 0.005) than the EXSI and EVER groups. The primary postoperative complication rate in the EXAI 
and EVER group was significantly higher than in the EXSI group (P = 0.005). In loop ileostomy closure, EXAI group 
had significantly longer operative time (P = 0.001), more bleeding volume, and longer postoperative hospital stays 
(P < 0.001) than the EXSI and EVER groups. For survival outcomes, the 3-year local recurrence-free survival (LRFS) is 
92.6% for all patients. The 3-year LRFS for patients in EXAI, EXSI, and EVER were 90.1%, 95.4%, and 92.7%, with P = 0.476.
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Introduction
The latest data from the Chinese National Cancer Cen-
ter (CNCC) showed that there were 408,000 new cases of 
colorectal cancer and 196,000 deaths in 2016, colorectal 
cancer ranks second and fourth, respectively, in terms of 
morbidity and mortality, with both showing a continu-
ing upward trend [1]. The ratio of colon cancer and rec-
tal cancer in China is close to 1:1, but the proportion of 
low rectal cancer is high, accounting for about 60–75% 
of all rectal cancers [2]. Although total mesorectal exci-
sion (TME) is the current standard of surgical practice 
for radical resection of mid-low rectal cancer, the use of 
protective loop ileostomy remains controversial [3].

With the increasing inclination of patients to preserve 
the anus and the continuous advancement of surgi-
cal techniques such as the clinical application of double 
stapler technology, low intestinal anastomosis has been 
greatly improved. Low anterior resection (LAR) with 
TME has become the most widely used surgery for low 
rectal cancer. In our center, patients with low rectal can-
cer routinely undergo LAR plus protective loop ileostomy 
(LAR-PLI). Objectively, PLI can reduce the complications 
caused by postoperative rectal anastomotic leakage [4], 
but the complications caused by the stoma itself cannot 
be ignored [5], and even 6–32% of temporary stomas 
cannot be closed [6–10].

Over the past decade, surgical techniques and instru-
mentation platforms have continued to improve and 
innovate, and minimally invasive concepts have found 
widespread application in colorectal surgery [11]. For 
LAR-PLI, there are various specimen extraction tech-
niques to reduce abdominal trauma. In current clini-
cal practice, the techniques of specimen extraction in 
LAR-PLI are mainly classified into three types: specimen 
extraction through auxiliary incision (EXAI), specimen 
extraction through stoma incision (EXSI), and specimen 
eversion and extra-abdominal resection (EVER).

However, there is still a lack of relevant research on 
whether these specimen extraction techniques affect 
loop ileostomy closure. In our retrospective study, we 
enrolled patients who underwent LAR-PLI to compare 
the short-term and survival outcomes of three different 
specimen extraction techniques, and evaluate whether 
different specimen extraction methods affected loop ile-
ostomy closure.

Materials and methods
Study population
A consecutive series of patients with low rectal cancer 
who underwent laparoscopic LAR-PLI at the Cancer 
Hospital of the Chinese Academy of Medical Sciences 
between April 2015 and September 2019 were enrolled 
in this retrospective study. The inclusion criteria were: 
(1) All patients were pathologically diagnosed with rectal 
adenocarcinoma; (2) The primary tumor was a low rec-
tal cancer (the distance of the tumor from the anal verge 
measured by colonoscopy ≤ 7  cm); and (3) All patients 
underwent laparoscopic LAR-PLI and successful loop 
ileostomy closure. Patients with distant metastasis and 
recurrent disease; those who underwent transanal local 
excision or open rectal surgery; those with ASA clas-
sification > grade 3; those with a history of other malig-
nancies; and those lost to follow-up were excluded. 
According to the procedures of specimen extraction, 
patients were divided into three groups: EVAI group, 
EXSI group, and EVER group. To assess the safety of 
LAR-PLI, we analyzed perioperative data including 
postoperative complications, stoma-related complica-
tions, operative time, estimated blood loss, time to first 
flatus, time to first defecation, time to first eat, time to 
remove the urinary catheter, length of postoperative hos-
pital stay, 30-day re-operation rate, 30-day mortality, and 
interval to loop ileostomy closure. The American Joint 
Committee on Cancer TNM staging standard of rec-
tal cancer (7th edition) was used for staging. The deci-
sion regarding preoperative or postoperative adjuvant 
therapy (capecitabine or CAPOX with or without pelvic 
radiotherapy) was made according to experienced senior 
oncologists in our hospital. If the patient died during the 
follow-up period, it was considered as a censored case.

Surgical procedures of primary operation
All procedures were conducted by an experienced sur-
gical team, and a modified lithotomy position and five-
trocar laparoscopic approach were used. All patients 
received standard bowel preparation, and prophylactic 
antibiotics were started 30–60  min before commence-
ment of surgery. The ileostomy site was determined pre-
operatively by a professional stoma nurse.

The whole surgical procedure [12] was compiled based 
on TME. It was started at the level of the sacral promon-
tory; the sigmoid colon was dissociated using the medial-
to-lateral approach. The origin of the inferior mesenteric 
artery was ligated at the point of origin, and the regional 

Conclusions  Our single-center results found that in LAR-PLI surgery for low rectal cancer, the short-term outcomes 
of specimen extraction through the stoma incision or anus were better than that through the auxiliary incision, but 
the 3-year LRFS was no statistically different.
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lymph nodes at the root of the inferior mesenteric artery 
vessels were dissected. The right and the left lateral 
attachments of the sigmoid colon were incised cephali-
cally towards the distal part of the descending colon and 
caudally towards the colorectal junction. For specimen 
extraction and digestive tract reconstruction, different 
surgical procedures were followed, according to the type 
of technique chosen:

EXSI: The proximal bowel can be resected either intra-
abdominally or extra-abdominally (Fig.  2A). A 3–5  cm 
incision is made at the pre-marked stoma site, a sterile 
plastic cannula is then introduced into the pelvis through 
the stoma, and the rectal specimen is removed(Fig. 2B). 
The anvil is introduced into the bowel lumen and closed 
with a purse string, and an end-to-end anastomosis is 

performed. Postoperative abdominal wall has trocar 
holes and stoma incision (Fig. 2C).

EVER: After resection of the proximal rectum, use a 
ring clamp to grasp the rectal stump and gently drag it 
outside the body (Fig.  3A). the distal rectum is excised 
using a curved cutter stapler (Fig. 3B). The rectal stump 
is redelivered into the pelvic cavity, followed by an end-
to-end anastomosis. The postoperative abdominal wall 
only has trocar holes and a stoma (no extended incision) 
(Fig. 3C).

After reconstruction of the digestive tract, the terminal 
ileum approximately 30–40 cm proximal to the ileocecal 
junction was chosen as the stoma position. An appro-
priate position of the stoma was usually selected in the 
lower right abdominal wall within the rectus abdominis 
muscle. The position was determined at the discretion 
of the chief surgeon according to the patient’s opinions, 

Fig. 2  EXSI surgical procedure. (A) The proximal rectal wall is cut off. (B) Extraction of rectal specimen through stoma incision. (C) Postoperative abdomi-
nal stoma

 

Fig. 1  EXAI surgical procedure. (A) The proximal rectal wall is cut off. (B) Extraction of rectal specimen through auxiliary incision. (C) Postoperative ab-
dominal stoma
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preoperative stoma marking, intraoperative abdominal 
wall thickness, and ileal diameter.

Stoma closure
Details of stoma-related complications were also 
recorded. Loop ileostomy closure was usually performed 
approximately 3–6 months after primary surgery in the 
absence of complications or adjuvant chemoradiother-
apy. For those patients who receive adjuvant chemother-
apy or radiotherapy after primary surgery, the ileostomy 
closure usually occurs about 4 weeks after treatment 
ends. If the patient has postoperative complications, such 
as anal dysfunction, the time for ileostomy closure sur-
gery will be longer. The operation was undertaken by the 
surgeon who performed the primary operation, and the 
stoma closure was performed by functional end-to-end 
anastomosis using linear staplers (Fig. 4). Short-term out-
comes after stoma closure in each group were analyzed.

Statistical analysis
The data are presented as a number for categorical vari-
ables and the mean ± standard deviation for continu-
ous variables. The chi-square test and Fisher’s exact test 
were used to evaluate differences in categorical variables, 
and Student’s t-test and analysis of variance (ANOVA) 
were used to evaluate continuous variables. Two-sided 
P values < 0.05 were considered to indicate statistical sig-
nificance. All data analysis was performed using SPSS 

software (version 26.0, IBM Corporation, Armonk, NY, 
USA).

Results
Patient characteristics
A total of 254 patients were enrolled in this study, includ-
ing 104 (40.9%) in the EXAI group, 104 (40.9%) in EXSI 
group, and 46 (18.1%) in the EVER group. Except for 
the variable distance of the tumor from the anal verge 
(P = 0.001), there were no statistically significant differ-
ences in clinical characteristics between the groups. The 
distance of the tumor from the anal verge in the EVER 
group was closer than that in the other groups (P < 0.001), 
but the mean distance was also greater than the 2-cm safe 
margin standard. The details are shown in Table 1.

Perioperative short-term results
For primary surgery, the EXAI group had significantly 
longer operative time (P < 0.001), more intraoperative 
bleeding (P < 0.001), longer length of abdominal incision 
(P < 0.001), longer time to first flatus (P < 0.001), longer 
time to first defecation (P < 0.001), longer time to first 
eat (P < 0.001), and longer postoperative hospital stays 
(P = 0.005) than EXSI and EVER group (Table  2). The 
time to remove urinary catheter was significantly shorter 
in the EXSI group (P < 0.001), and EVER group had the 
shortest interval to loop ileostomy closure (P = 0.018).

Fig. 3  EVER surgical procedure. (A) Rectal specimen is everted extracorporeally. (B) The distal rectal resection is performed. (C) Postoperative abdominal 
stoma (longer stoma incision)
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For loop ileostomy closure, the operative time 
(P = 0.001), length of stoma incision (P < 0.001), and post-
operative hospital stays (P < 0.001) in the EXAI group 
were significantly longer than EXSI and EVER group, 
bleeding volume was also higher in the EXAI group 
(P = 0.004). The time to remove the urinary catheter in 
the EXSI group was significantly shorter than the other 
two groups (P = 0.008). Multiple comparisons showed 
that there was no significant difference in the time to first 
flatus, first defecation and first eat between the groups 
(Table 2).

Complications of primary surgery
The total postoperative complication rate in the EXSI 
group was significantly lower than that EXAI and EVER 
group (10.6% vs. 27.9% vs. 26.1%, P = 0.005). The rates of 
serious complications (Clavien-Dindo ≥ grades 3) in the 
EXSI/EXAI/EVER groups were 5.8%, 14.4%, and 13.0%, 
respectively (P = 0.108). In each group, the most com-
mon complication was anastomotic stenosis. There was 
no statistical difference in blood transfusion among the 
three groups. No 30-day readmission occurred in each 
group. Stoma-related complications, there was no differ-
ence in the total complications among the three groups 
(32.7% vs. 29.8% vs. 26.1%, P = 0.712). The most common 
complication was stomal fecal dermatitis (Table 3).

Survival outcomes
The median local recurrence-free survival (LRFS) time 
for all patients in this study was 36.0 months. The 3-year 
LRFS was 92.6% for all patients. The 3-year LRFS for 
patients in EXAI, EXSI, and EVER were 90.1%, 95.4%, 
and 92.7%, with P = 0.476 (Fig. 5). The 3-year local recur-
rence rate (LRR) was 4.7% for all patients. The LRR was 
6.7% for patients in EXAI, 2.9% in EXSI, and 4.1% in 
EVER, with P = 0.491. There was no statistical difference 
between the groups.

Discussion
Technological advances and innovations in colorectal 
surgery over the past few decades have not only reduced 
abdominal surgical incisions but also avoided specimen 
extraction sites [13]. However, there are still only few rel-
evant studies on whether different specimen extraction 
methods affect the short-term curative effect and stoma 
recovery of patients.

In this study, we only enrolled patients with low rec-
tal cancer who underwent LAR-PLI to evaluate the effi-
cacy and safety of three different specimen extraction 
procedures by analyzing the short-term postoperative 
outcomes and stoma-related complications. In terms of 
surgical procedures, the EXSI and EVER groups had less 
abdominal incisions than the EXAI group and caused 

Fig. 4  Stoma closure procedure. (A) Suture stoma. (B) Mark the incision. (C) Enter the abdominal cavity layer by layer. (D) Side-to-side anastomosis. (E) Cut 
the stump. (F) Reinforced anastomosis. (G) Place the drainage tube
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fewer damage to the patient. In fact, we demonstrated 
that specimen extraction using EXAI was inferior to 
specimen extraction via EXSI and EVER in terms of 
short-term postoperative efficacy, postoperative hospital 
stays, and time to stoma closure.

As treatment became more standardized, the pro-
portion of patients receiving preoperative neoadjuvant 
radiotherapy increased, and the use of protective ileos-
tomy was more common in patients receiving radio-
therapy than in patients not receiving radiotherapy 
(87.1% vs. 62.5%, P < 0.001) [14]. In our hospital, rec-
tal cancer patients receive radiation therapy usually in 
combination with single-agent capecitabine to increase 

radiosensitivity. In addition, multiple studies have 
shown that patients with obstructive rectal cancer have 
an increased risk of postoperative anastomotic leakage 
and are more likely to undergo PLI [15, 16] Therefore, 
to make our conclusions more convincing, we included 
patients who received preoperative neoadjuvant chemo-
radiotherapy and who had intestinal obstruction. Except 
for the variable tumor distance to lower resection mar-
gin, there were no statistically significant difference 
(P > 0.05) in baseline variables between the groups. The 
distance of the tumor from the anal verge in the EVER 
group (4.4 ± 1.1  cm) was the shortest among the three 
groups. This is because for low or ultra-low rectal cancer 
patients, the anus valgus technique is used to close and 
disconnect under direct vision, which not only preserves 
the anus but also ensures a safe lower incision margin 
[17].

In the short-term efficacy analysis after primary tumor 
surgery (the first surgery), patients in the EXAI group 
had more abdominal auxiliary incisions in the surgical 
procedure than the EXSI group and EVER group, which 
increased the surgical trauma and operative time, result-
ing in more intraoperative blood loss, longer hospital 
stay, and longer time for early recovery of eating and 
defecation. For primary surgery, the total postoperative 
complication rate in the EXAI group was higher than that 
in the EXSI group (27.9% vs. 10.6%, P = 0.002), and the 
proportion of complications related to auxiliary incision 
was 6.7% (7/29) and 0% (0/12), respectively. This indi-
cated that increased auxiliary incision may increase the 
incidence of postoperative complications and slow down 
the postoperative recovery speed of the patients [18]. 
There were also significant differences in complications 
between EXSI and the EVER group (10.6% vs. 26.1%, 
P = 0.028), this may be because the anastomotic site of 
the EVER group is closer to the anus and the number of 
patients enrolled was too small. However, in our center’s 
large sample data, 3651 patients with rectal cancer who 
underwent natural orifice specimen extraction surgery 
(NOSES) with transanal specimen extraction, the post-
operative complication rate was 15.3% [13]. However, 
Wolthuis et al. conducted a randomized controlled study 
to compare the early complications after NOSES without 
auxiliary abdominal incision and traditional laparoscopic 
surgery and found that the postoperative complica-
tion rate of each group was 15% (3/20), but the NOSES 
group had less postoperative pain and lower analgesic 
requirements [19]. In the analysis of stoma-related com-
plications, there was no statistically significant differ-
ence among the three groups (P = 0.712), indicating that 
both methods of stoma are safe. Fecal dermatitis was the 
most common stoma-related complication in all groups 
(15.4% vs. 20.2% vs. 6.7%). Fecal or urine irritant contact 
dermatitis was common with ostomies, with more than 

Table 1  Comparison of characteristics of all included patients
Variables EXAI 

n = 104 
n(%)

EXSI 
n = 104 
n(%)

EVER 
n = 46 
n(%)

P 
value

Sex 0.875

Male 70 (67.3) 68 (65.4) 29 (63.0)

Female 34 (32.7) 36 (34.6) 17 (37.0)

Age 0.700

< 60 y 58 (55.8) 64 (61.5) 27 (58.7)

≥ 60 y 46 (44.2) 36 (38.5) 19 (41.3)

BMI, kg/m2 0.084

< 25 48 (46.2) 64 (61.5) 25 (54.3)

≥ 25 56 (53.8) 40 (38.5) 21 (45.7)

ASA score 0.454

I 6 (5.8) 10 (9.6) 2 (4.3)

II 95 (91.3) 92 (88.5) 41 (89.1)

III 3 (2.9) 2 (1.9) 3 (6.5)

Combined diabetes 0.584

None 70 (67.3) 68 (65.4) 34 (73.9)

Yes 34 (32.7) 36 (34.6) 12 (26.1)

Abdominal surgery history 0.917

None 83 (79.8) 81 (77.9) 37 (80.4)

Yes 21 (20.2) 23 (22.1) 9 (19.6)

Intestinal obstruction* 0.236

None 91 (87.5) 90 (86.5) 44 (95.7)

Yes 13 (12.5) 14 (13.5) 2 (4.3)

Neoadjuvant therapy 0.070

None 76 (73.1) 76 (73.1) 41 (89.1)

Yes 28 (26.9) 28 (26.9) 5 (10.9)

AJCC pTNM stage 0.159

0 5 (4.8) 4 (3.8) 3 (6.5)

I 39 (37.5) 25 (24.0) 19 (41.3)

II 24 (23.1) 38 (36.5) 11 (23.9)

III 36 (34.6) 37 (35.6) 13 (28.3)

Tumor size, cm, mean ± SD 3.5 ± 1.7 3.8 ± 1.5 3.2 ± 1.5 0.112

Distance of the tumor 
from the anal verge, cm, 
mean ± SD

5.2 ± 1.2 5.0 ± 1.2 4.4 ± 1.1 0.001

EXAI, specimen extraction through the auxiliary incision; EXSI, specimen 
extraction through the stoma incision; EVER, specimen eversion and extra-
abdominal resection; AJCC, American Joint Committee on Cancer; *primary 
surgery
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one-third of colostomy patients and more than two-
thirds of ileostomy patients developing peristomal der-
matoses [20]. The survival outcome is another focus issue 
of this study. Especially, during the process of taking the 
tumor out during EVER, tumor breakage is more likely 
to occur than in the other two groups. Over the past 
three decades, with a standard TME technique and selec-
tive neoadjuvant chemoradiotherapy in the treatment of 
rectal cancer, the LRR after radical surgery has fallen to 
5–10%  [21]. Our study showed that the 3-year LRR of 
all patients was 4.7%, and there is no statistically different 
in three groups. Together, the results confirmed that the 
different specimen extraction techniques do not the risk 
factor of LRR in low rectal cancer patients.

The current clinical practice of ileostomy closure is 
usually after about 3–6 months of the primary surgery. 
Stoma closure performed after 6 months could lead to 
atrophy of the distal colon muscle and mucosa, result-
ing in anal dysfunction [22], but optimal timing for stoma 
closure in the context of adjuvant chemotherapy is con-
troversial. A multicenter study by Herrle et al. showed 
that the median time to stoma closure was longer in 
patients who received adjuvant chemotherapy than in 
those who did not (3.4 vs. 5.6 months, P < 0.001), and late 
closure (> 6 months postoperative) was significantly asso-
ciated with impotence and severe fecal incontinence [23]. 
In this study, patients in the EXAI group had the longest 
interval to stoma closure (P = 0.018), with an average 

interval is about 9 months. However, there was no sig-
nificant difference in the proportion of stage III patients 
among the three groups (34.6% vs. 35.6% vs. 28.3%, 
P = 0.159), means that the number of patients receiving 
adjuvant therapy after surgery is comparable. The rea-
son may be because additional auxiliary incision affects 
the time to stoma closure, which needs to be confirmed 
in future large-scale samples. The operation time for 
loop ileostomy closure (the second surgery) in the EXAI 
group was significantly longer than that in the other two 
groups, but there was no difference in the time to early 
postoperative flatulence/defecation. An interesting find-
ing was that the mean postoperative time to remove the 
urinary catheter (5.1 days, P = 0.007) and hospital stay 
(5.8 days, P < 0.001) was shorter in the EXSI group, which 
may suggest that specimen extraction through the stoma 
incision was associated with fewer abdominal symptoms 
and faster postoperative recovery.

Our study has some limitations. First is the lack of 
functional outcomes such as postoperative anal function 
and quality of life. Second, although there was no signifi-
cant difference at baseline among the groups, it was still 
impossible to control for differences in surgeons’ proce-
dures and patient selection. Third, owing to the inherent 
limitations of retrospective studies, further large-sized 
clinical trials may need to be conducted in the future to 
validate our findings. We believe that our results provide 

Table 2  Perioperative outcomes of surgery
Variables EXAI

n = 104
EXSI
n = 104

EVER
n = 46

Overall comparison Multiple comparisons

EXAI vs. EXSI EXSI vs. EVER EXAI vs. EVER

Mean/SD Mean/SD Mean/SD F P P P P

Primary surgery

Operative time, min 217.6 ± 53.7 184.0 ± 53.9 197.0 ± 54.0 10.2 < 0.001 < 0.001 0.173 0.032

Bleeding volume, ml 89.4 ± 96.6 52.4 ± 53.5 39.8 ± 27.0 10.5 < 0.001 < 0.001 0.321 < 0.001

Length of abdominal incision, cm 7.4 ± 1.6 1.5 ± 0.8 1.2 ± 0 851.9 < 0.001 < 0.001 0.150 < 0.001

Time to first flatus, d 3.1 ± 1.0 2.5 ± 0.9 2.4 ± 0.7 11.3 < 0.001 < 0.001 0.522 < 0.001

Time to first defecation, d 3.7 ± 1.1 3.2 ± 1.0 2.9 ± 0.9 10.2 < 0.001 0.002 0.095 < 0.001

Time to first eat, d 3.6 ± 1.8 2.8 ± 1.9 2.3 ± 0.9 10.3 < 0.001 0.001 0.124 < 0.001

Time to remove urinary catheter, d 6.0 ± 1.1 4.0 ± 1.3 5.4 ± 0.9 77.7 < 0.001 < 0.001 < 0.001 0.003

Postoperative hospital stays, d 8.6 ± 2.5 7.6 ± 2.7 7.4 ± 1.8 5.4 0.005 0.005 0.729 0.010

Interval to loop ileostomy closure, d 274.7 ± 137.6 243.8 ± 126.4 213.2 ± 91.5 4.1 0.018 0.078 0.170 0.006

Loop ileostomy closure

Operative time, min 97.7 ± 30.3 82.5 ± 24.7 83.6 ± 39.4 7.8 0.001 < 0.001 0.830 0.009

Bleeding volume, ml 29.5 ± 18.0 21.2 ± 16.5 22.8 ± 22.8 5.7 0.004 0.001 0.607 0.042

Length of stoma incision, cm 8.0 ± 1.6 6.6 ± 1.5 7.4 ± 2.0 17.8 < 0.001 < 0.001 0.011 0.037

Time to first flatus, d 3.0 ± 1.4 3.0 ± 0.8 3.0 ± 1.1 0.1 0.924 0.723 0.981 0.762

Time to first defecation, d 3.6 ± 1.5 3.5 ± 0.8 3.7 ± 1.2 0.3 0.759 0.817 0.460 0.577

Time to first eat, d 2.9 ± 1.6 2.7 ± 0.7 2.7 ± 1.1 1.3 0.279 0.112 0.620 0.452

Time to remove urinary catheter, d 3.9 ± 1.1 3.7 ± 1.0 4.2 ± 1.1 3.6 0.028 0.206 0.008 0.093

Postoperative hospital stays, d 7.0 ± 2.5 5.8 ± 1.7 6.1 ± 2.2 8.7 < 0.001 < 0.001 0.396 0.020
EXAI, specimen extraction through the auxiliary incision; EXSI, specimen extraction through the stoma incision; EVER, specimen eversion and extra-abdominal 
resection
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valuable information regarding specimen extraction for 
low rectal cancer.

Conclusion
Our single-center results found that in LAR-PLI surgery 
for low rectal cancer, the short-term outcomes of speci-
men extraction through the stoma incision or anus were 
better than that through the auxiliary incision, but the 
3-year LRFS was no statistically different.

Acknowledgements
Except for Funding, this research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit sectors.

Author contributions
Haipeng Chen and Fei Huang contributed equally to this work. All authors 
participated in the design, analysis, data interpretation, and manuscript 
drafting and revising. All authors agree to be accountable for all aspects of the 
work.

Funding
This work was supported by Science and Technology Project of Chaoyang 
District, Beijing (CYSF-2223), and Beijing Science and Technology Golden 
Bridge Program (ZZ19055).

Data availability
The data used to support the findings of this study are available from the 
corresponding author upon request.

Declarations

Competing interests
The authors have no conflicts of interest to declare.

Informed consent
was obtained from all subjects and/or their legal guardian. This article 
is a retrospective study and was approved (18 − 015/1617) by the Ethics 
Committee of Cancer Hospital of the Chinese Academy of Medical Sciences 
consent to publish. All methods of this study were performed in accordance 
with relevant ethical guidelines and regulations.

Consent for publication
Not Applicable (NA).

Author details
1Department of Colorectal Surgery, National Clinical Research Center for 
Cancer/ Cancer Hospital, National Cancer Center, Chinese Academy of 
Medical Sciences and Peking Union Medical College, Beijing, China
2Department of Colorectal Surgery, National Clinical Research Center for 
Cancer/Cancer Hospital, National Cancer Center, Chinese Academy of 
Medical Science and Peking Union Medical College, No. 17 Panjiayuan 
Nanli, Chaoyang District, Beijing 100021, China

Received: 27 November 2022 / Accepted: 7 April 2023

References
1.	 Zheng RS, Zhang SW, Zeng HM, Wang SM, Sun KX, Chen R, et al. Cancer 

incidence and mortality in China, 2016[J]. J Natl Cancer Cent. 2022;2(1):1–9.
2.	 China Anti-Cancer Association, Colorectal Cancer Professional Committee, 

Chinese Anti-Cancer Association. CACA guidelines for holistic integra-
tive management of cancer-rectal cancer[J/OL]. Chin J Colorectal Dis 
(Electronic Edition). 2022;11(02):89–103. https://doi.org/10.3877/cma.j.i
ssn.2095-3224.2022.02.001.

Table 3  Postoperative complications related to primary surgery
Variables EXAI 

n = 104
EXSI 
n = 104

EVER 
n = 46

P

Total complications (within 30 days 
after surgery), n (%)

29 (27.9) 11 (10.6) 12 
(26.1)

0.005

Anastomotic leakage, n (%) 0 (0) 2 (1.9) 0 (0)

Anastomotic stenosis, n (%) 13 (12.5) 4 (3.8) 8 
(17.4)

Anastomotic granuloma, n (%) 0 (0) 1 (1.0) 0 (0)

Anastomotic bleeding, n (%) 1 (1.0) 0 (0) 1 (2.2)

Abnormal liver function, n (%) 0 (0) 1 (0.9) 0 (0)

Intestinal obstruction, n (%) 7 (6.7) 2 (1.9) 1 (2.2)

Parastomal hernia, n (%) 3 (2.9) 1 (1.0) 0 (0)

Stoma-related bleeding, n (%) 0 (0) 0 (0) 1 (2.2)

Intraperitoneal infection, n (%) 2 (1.9) 0 (0) 2 (4.3)

Auxiliary incision complications, 
n (%)

7 (6.7) 0 (0) 0 (0)

Chyle leak, n (%) 1 (1.0) 0 (0) 0 (0)

Postoperative blood transfusion, 
n (%)

5 (4.8) 1 (1.0) 0 (0) 0.189

30-day readmission, n (%) 0 (0) 0 (0) 0 (0)

Stoma-related complications (be-
fore loop ileostomy closure), n (%)

34 (32.7) 31 (29.8) 12 
(26.1)

0.712

Hernia, n (%) 7 (6.7) 5 (4.8) 0 (0)

Prolapse, n (%) 1 (1.0) 0 (0) 0 (0)

Retraction, n (%) 3 (2.9) 1 (1.0) 3 (2.9)

Stenosis, n (%) 1 (1.0) 0 (0) 0 (0)

Necrosis, n (%) 0 (0) 0 (0) 0 (0)

Bleeding, n (%) 2 (1.9) 1 (1.0) 1 (1.0)

Granuloma, n (%) 2 (1.9) 0 (0) 1 (1.0)

Fecal dermatitis, n (%) 16 (15.4) 21 (20.2) 7 (6.7)

Skin ulcers, n (%) 1 (1.0) 5 (4.8) 2 (1.9)

Mucocutaneous detachment, n 
(%)

2 (1.9) 0 (0) 0 (0)

EXAI, specimen extraction through the auxiliary incision; EXSI, specimen 
extraction through the stoma incision; EVER, specimen eversion and extra-
abdominal resection; n, number

Fig. 5  Comparison of 3-year local recurrence-free survival in different 
techniques

 

http://dx.doi.org/10.3877/cma.j.issn.2095-3224.2022.02.001
http://dx.doi.org/10.3877/cma.j.issn.2095-3224.2022.02.001


Page 9 of 9Chen et al. BMC Surgery          (2023) 23:122 

3.	 National Comprehensive Cancer Network. Clinical Practice Guidelines in 
Oncology: Rectal Cancer (Version 1) [EB/OL].Feb 25., 2022. https://www.nccn.
org/guidelines/guidelines-detail?category=1&id=1461.

4.	 Schmidt O, Merkel S, Hohenberger W. Anastomotic leakage after low rectal 
stapler anastomosis: significance of intraoperative anastomotic testing. Eur J 
Surg Oncol. 2003 Apr;29(3):239–43.

5.	 Porter JA, Salvati EP, Rubin RJ, Eisenstat TE. Complications of colostomies.Dis 
Colon Rectum. 1989Apr;32(4):299–303.

6.	 David GG, Slavin JP, Willmott S, Corless DJ, Khan AU, Selvasekar CR. Loop 
ileostomy following anterior resection: is it really temporary? Colorectal Dis. 
2010 May;12(5):428–32.

7.	 Gessler B, Haglind E, Angenete E. Loop ileostomies in colorectal cancer 
patients–morbidity and risk factors for nonreversal. J Surg Res. 2012 
Dec;178(2):708–14.

8.	 Lindgren R, Hallböök O, Rutegård J, Sjödahl R, Matthiessen P. What is the 
risk for a permanent stoma after low anterior resection of the rectum for 
cancer? A six-year follow-up of a multicenter trial. Dis Colon Rectum. 2011 
Jan;54(1):41–7.

9.	 Chiu A, Chan HT, Brown CJ, Raval MJ, Phang PT. Failing to reverse a divert-
ing stoma after lower anterior resection of rectal cancer. Am J Surg. 2014 
May;207(5):708–11.

10.	 den Dulk M, Smit M, Peeters KC, Kranenbarg EM, Rutten HJ, Wiggers T, et al. 
A multivariate analysis of limiting factors for stoma reversal in patients with 
rectal cancer entered into the total mesorectal excision (TME) trial: a retro-
spective study. Lancet Oncol. 2007 Apr;8(4):297–303.

11.	 Wolthuis AM, Overstraeten ADBV, D’hoore A. Laparoscopic natural orifice 
specimen extraction-colectomy: a systematic review[J]. World J Gastroen-
terol. 2014;20(36):12981–92.

12.	 Guan X, Lu Z, Wang S, Liu E, Zhao Z, Chen H et al. Comparative short- and 
long-term outcomes of three techniques of natural orifice specimen extrac-
tion surgery for rectal cancer.Eur J Surg Oncol. 2020 Oct;46(10 Pt B):e55-e61.

13.	 Xu G, Jiang XHuZ, Wei Y, Wu DSunM et al. Short-term and oncological 
outcomes of natural orifice specimen extraction surgery (NOSES) for 
colorectal cancer in China: a national database study of 5055 patients.Science 
Bulletin2022.

14.	 Sun W, Dou R, Chen J, Lai S, Zhang C, Ruan L. Impact of Long-Course Neo-
adjuvant Radiation on postoperative low anterior resection syndrome and 

quality of life in rectal Cancer: Post Hoc Analysis of a Randomized Controlled 
Trial. Ann Surg Oncol. 2019 Mar;26(3):746–55.

15.	 Matthiessen P, Hallböök O, Andersson M, Rutegård J, Sjödahl R. Risk factors 
for anastomotic leakage after anterior resection of the rectum. Colorectal Dis. 
2004 Nov;6(6):462–9.

16.	 Shiomi A, Ito M, Maeda K, Kinugasa Y, Ota M, Yamaue H. Effects of a diverting 
stoma on symptomatic anastomotic leakage after low anterior resection 
for rectal cancer: a propensity score matching analysis of 1,014 consecutive 
patients. J Am Coll Surg. 2015 Feb;220(2):186–94.

17.	 Illuminati G, Krizzuk D, Pizzardi G, Perotti B, Pasqua R, Urciuoli P. Laparoscopic 
modified double stapling technique with transanal resection for low anterior 
resection of rectal cancer. Ann Ital Chir. 2019;90:78–82.

18.	 Zhu Y, Xiong H, Chen Y, Liu Z, Jiang Z, Huang R, et al. Comparison of natural 
orifice specimen extraction surgery and conventional laparoscopic-assisted 
resection in the treatment effects of low rectal cancer. Sci Rep. 2021 
Apr;29(1):9338.

19.	 Wolthuis AM, Fieuws S, Van Den Bosch A, de Buck van Overstraeten A, 
D’Hoore A. Randomized clinical trial of laparoscopic colectomy with or with-
out natural-orifice specimen extraction. Br J Surg. 2015 May;102(6):630–7.

20.	 Lyon CC, Smith AJ, Griffiths CE, Beck MH. Peristomal dermatoses: a novel indi-
cation for topical steroid lotions. J Am Acad Dermatol. 2000 Oct;43(4):679–82.

21.	 PelvEx Collaborative. Factors affecting outcomes following pelvic exentera-
tion for locally recurrent rectal cancer. Br J Surg. 2018 May;105(6):650–7.

22.	 Park YY, Yang SY, Han YD, Cho MS, Hur H, Min BS, et al. Predictive factors for 
Bowel Dysfunction after sphincter-preserving surgery for rectal Cancer: a sin-
gle-center cross-sectional study. Dis Colon Rectum. 2019 Aug;62(8):925–33.

23.	 Herrle F, Sandra-Petrescu F, Weiss C, Post S, Runkel N, Kienle P. Quality of life 
and timing of Stoma Closure in patients with rectal Cancer undergoing low 
anterior resection with diverting Stoma: a Multicenter Longitudinal Observa-
tional Study. Dis Colon Rectum. 2016 Apr;59(4):281–90.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1461
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1461

	﻿Comparative short-term and survival outcomes of three specimen extraction techniques in laparoscopic low rectal cancer surgery: does it affect ileostomy closure?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Surgical procedures of primary operation
	﻿Stoma closure
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Perioperative short-term results
	﻿Complications of primary surgery
	﻿Survival outcomes

	﻿Discussion
	﻿Conclusion
	﻿References


