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Purpose: High rate of perineal surgical site infection (SSI) is the most common complica
tion following abdominoperineal resection (APR), especially for extralevator abdominoper
ineal excision (ELAPE). The purpose of this study was to investigate the effect of continuous 
negative pressure drainage combined with intermittent irrigation (CNPDCII) in the presacral 
space on the perineal SSI following laparoscopic ELAPE for low rectal cancer.
Patients and Methods: The clinical data of 99 patients with low rectal cancer who 
underwent laparoscopic ELAPE surgery were retrospectively analyzed. Among the 99 
patients, 46 patients received CNPDCII and 53 patients received conventional drainage in 
the presacral space after ELAPE. Self-made irrigation drainage tube: took a silicone drainage 
tube, cut 3 side holes at every 2cm intervals at the front end, and fixed a flexible tube of an 
intravenous needle at the front end of the silicone drainage tube. The conventional drainage 
tube or self-made irrigation drainage tube was placed in the presacral space and poked out 
from the inside of the ischial tuberosity. The incidence of SSI and other perioperative 
indicators between the two groups was compared within 30 days after surgery.
Results: There was no statistical difference in clinicopathological features between the two groups 
of patients (p>0.05). A statistically lower rate of SSI was found in CNPDCII group (17.4%, 8/46) 
than the conventional drainage group (35.8%, 19/53). The drainage tube retention time (7.8±1.2 
d VS 9.4±1.6 d) and the postoperative hospital stay (9.7±1.4 d VS 11.9±2.3 d) in CNPDCII group 
were significantly shortened than the conventional drainage group. There was no statistical 
difference in operating theatre time and intraoperative blood loss between the two groups. 
Multivariate analysis confirmed that CNPDCII was an independent protective factor for SSI after 
ELAPE.
Conclusion: CNPDCII can effectively reduce the incidence of SSI following laparoscopic 
ELAPE, which is simple, safe and effective.
Keywords: low rectal cancer, extralevator abdominoperineal excision, negative pressure 
drainage, surgical site infection

Introduction
Although anal-preserving surgery is increasingly used in low rectal cancer, there are 
still some patients who inevitably undergo abdominoperineal resection (APR). 
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However, due to the defect and dead space caused by 
large-scale of tissue resection, the incidence of perineum 
surgical site infection (SSI) after APR has been reported to 
range between 10.1% and 41%.1–3 Therefore, the manage
ment of SSI following APR is still a challenge for 
surgeons.

Extralevator abdominoperineal excision (ELAPE) is an 
improved surgical procedure for low rectal cancers with 
wider resections which removing the totality of levator ani 
muscles.4 Compared with traditional APR, ELAPE is 
a more radical approach, which may have a lower reduc
tion in circumferential resection margins (CRM) involve
ment and potentially better oncological outcome.5,6 It has 
gradually become the first choice for locally low advanced 
rectal cancer. However, compared with APR, ELAPE 
increases the resection involvement of the pelvic floor 
muscles and surrounding tissues of the rectum, which 
results in larger defects and dead spaces, and further 
increases the risk of perineal wound complications.4,7 It 
had been reported that the perineal wound complications 
were increased (range from 20% to 38%) after ELAPE.8,9 

A latest study reported that the rates of SSI after ELAPE 
was 26.3%.10 In addition, preoperative radiotherapy and/or 
chemotherapy are often required for patients with low 
rectal cancer, which may also affect the healing of the 
surgical incision and increase the risk of SSI to approxi
mately 31%.3,11

The incidence of SSI is associated with prolonged 
hospital stay and increased medical costs.12,13 Therefore, 
the reduction of SSI following ELAPE is of important 
clinical importance. However, how to effectively improve 
the healing of the perineal incision after APR or ELAPE 
and reduce the incidence of SSI is still a problem that 
plagues rectal cancer surgeons.14 Scholars has also taken 
various efforts to reduce the incidence of SSI, mainly by 
reducing the dead space and preventing fluid accumula
tion, but the effects were not satisfactory.15 Negative pres
sure drainage is considered to be an effective technique for 
the treatment of complex wounds such as severe fractures 
and soft tissue injuries. It can make wounds heal quickly, 
especially for those with large soft tissue defects.16,17 

A study by Kaneko reported that incisional continuous 
negative pressure wound therapy could reduce the inci
dence of SSI following APR.18 Recently, the use of pro
phylactic negative-pressure wound therapy for prevention 
of wound-related complications showed encouraging 
results in terms of reduction of SSI after APR.19 But this 
continuous negative pressure device was set on the 

incision surface. Therefore, it played a minor role in 
deep or presacral space infection.

In the present study, we aimed to investigate the effect of 
continuous negative pressure drainage combined with inter
mittent irrigation in the presacral space on the SSI following 
laparoscopic ELAPE for low rectal cancer. We expected to 
find a simple and practical management that could signifi
cantly reduce the incidence of SSI following ELAPE.

Patients and Methods
Patients
The clinical data of 99 patients with low rectal cancer who 
underwent laparoscopic ELAPE surgery in the department 
of Gastrointestinal Surgery of Zibo Central Hospital, 
Shandong University, from January 2017 to 
December 2019 were retrospectively analyzed. Among 
the 99 patients, 46 patients received continuous negative 
pressure drainage combined with intermittent irrigation 
and 53 patients received conventional drainage in the pre
sacral space after ELAPE. Patient inclusion criteria: pre
operatively diagnosed as rectal cancer by colonoscopy and 
biopsy pathology; the lower edge of the tumor was within 
5 cm from the anal verge; preoperative imaging examina
tion by Magnetic Resonance Imaging (MRI) showed that 
the tumor was locally advanced (cT3-T4); no operative 
contraindications were confirmed by preoperative multi
disciplinary consultation and discussion; laparoscopic 
ELAPE was successfully performed without conversion 
to laparotomy. Patient exclusion criteria: patients with 
distant metastasis by MRI and enhanced CT before opera
tion; patients with multiple primary cancers; patients with 
recurrent rectal cancers. There was no significant differ
ence in clinical characteristics between the two groups, as 
shown in Table 1. After review and approval by the Ethics 
Committee of Zibo Central Hospital, Shandong University, 
written informed consent was obtained from all patients.

Perioperative Treatment
All patients were given intestinal preparation by oral com
pound polyethylene glycol electrolyte powder before opera
tion. Skin preparation was performed 2 hours before 
operation. Intravenous Cefuroxime was infused half 
an hour before the operation. If the operation time is more 
than 3 hours, an additional use was made. The preventive use 
of antibiotics after the operation did not exceed 24 hours. If 
incision infection, turbid or purulent drainage occurred after 
surgery, sensitive antibiotics would be used based on the 
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results of drug sensitivity test. Neoadjuvant chemoradiother
apy was administered in locally advanced cancers that exhib
ited a clinical T category of 3 or 4 and/or positive lymph 
nodes according to preoperative pelvic MRI evaluation. Of 
the 99 patients, 35 received preoperative radiotherapy and 
chemotherapy. The total dose of radiotherapy was 50 Gy, 2.0 
Gy per dose, 5 days per week for 5 weeks. The concurrent 
chemotherapy which contained capecitabine (Xeloda, 
850–1000 mg/m2, d1-14) was usually administered to the 
patients every 3 weeks. Surgery was performed 6–8 weeks 
after the end of radiotherapy.

Surgical Procedures
The surgical procedures strictly followed the TME and 
standard oncologic practices. After dissecting the rectum to 
the level of the levator ani muscle, the surgical technique of 

ELAPE were followed.20 More specifically, the separation 
of the back of rectum starts from the front of the apex of the 
coccyx. Starting from the levator ani muscle, use an ultra
sonic knife to cut the levator ani muscle on both sides, then 
enter the space between the ischium and the anal canal, and 
enter the anterior rectovaginal space (or rectal-prostatic 
space) in front. The same group of surgeons performed all 
surgical operations.

Conventional drainage tube: cut 3 side holes with 
a diameter of 0.5cm every 1.5cm at the front end of 
a silicone tube (9.0 mm/F28), and arranged them intermit
tently and inversely. Self-made irrigation drainage tube: 
sutured and fixed a flexible tube of an intravenous needle 
at the front end of the silicone drainage tube, as shown in 
Figure 1A and B. Placement of drainage tube: the conven
tional drainage tube or self-made irrigation drainage tube 

Table 1 Clinicopathological Features of Patients Between Conventional Drainage Group and CNPDCII Group

Clinicopathological 
Features

Conventional 
Drainage

CNPDCII P value

N=53 N=46

Age <65 28 26 0.713
≥65 25 20

Gender Male 35 31 0.887
Female 18 15

BMI Yes 46 42 0.476
No 7 4

Diabetes Yes 10 8 0.849
No 43 38

Hypertension Yes 11 12 0.531
No 42 34

Smoke Yes 25 22 0.948
No 28 24

NRS (2002) Score <3 46 37 0.775
≥3 7 7

ASA Classification I 35 30 0.086
II 14 13
III 4 3

cTNM Stage II 25 19 0.558
III 28 27

Tumor diameter (cm) <5 41 37 0.709
≥5 12 9

Neoadjuvant therapy Yes 18 17 0.756
No 35 29

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologist; NRS, nutrition risk screening; CNPDCII, continuous negative pressure drainage 
combined with intermittent irrigation.
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were placed in the presacral space and drawn out from the 
inside of the ischial tuberosity on one side of the perineum 
(Figure 1C). The drainage tube was connected to the 
drainage bag for natural drainage for 24 hours. When 
there was no obvious bleeding in the drainage tube, con
nected the drainage tube to a silicone negative pressure 
drainage ball and kept the negative pressure ball in 
a negative pressure state (10–20kPa). When the drainage 
fluid became turbid, this flexible infusion set tube was 
externally connected with normal saline to syringe the 
wound cavity, 3–5 times a day, 200mL each time.

Observation and Surveillance
The main outcome indicator was the incidence of SSI. SSI 
was diagnosed according to Surgical Site Infection (SSI) 
Event (Centers for Disease Control and Prevention). SSI 
was divided into superficial incision infection, deep inci
sion infection and organ or space infection. The perineal 
incision was evaluated by surgeons once a day. In order to 
avoid the confirmation bias, the final determination of SSI 
was made by an independent blinded observer. The heal
ing evaluation index for surgical incision: the edges of the 
wound fit together snugly with a complete barrier function 
of the skin; The color of the wound is similar to or slightly 
different from that of the surrounding healthy skin; The 
wounds can withstand certain tension without wound 
dehiscence under appropriate physical activity intensity.

Other indicators include operating theatre time, intrao
perative blood loss, drainage tube retention time and 

postoperative hospital stay. Removal standards for the 
drainage tube: the drainage volume is less than 10mL for 
2 consecutive days under the condition that the drainage 
tube remains unobstructed; There is no sign of SSI after 
evaluated by an independent blinded observer. A small 
number of patients were discharged with the drainage 
tube and returned to the hospital regularly for follow-up.

Statistical Analysis
Continuous data were tested for normal distribution by 
Shapiro–Wilk normality test and evaluated by unpaired 
Student’s t-test. Categorical data were analyzed using 
a chi-square test or Fisher’s exact probability test. 
Logistic regression analysis was used to analyze the risk 
factors of SSI. All statistical analyses were done by SPSS 
26.0 (SPSS Inc., Chicago, IL). Differences were consid
ered statistically significant when p < 0.05.

Results
Comparison of Intraoperative and 
Postoperative Data Between the 
Conventional Drainage Group and 
CNPDCII Group
There was no statistical difference between the two groups 
in operating theatre time (p=0.632, Table 2) and intraopera
tive blood loss (p=0.357, Table 2). No serious complications 
occurred after the operation, and all the patients were dis
charged as scheduled. The retention time of drainage tube in 
the conventional drainage group was longer than the 

Figure 1 Self-made irrigation drainage tube and the placement of drainage tube. (A) Schematic diagram of self-made irrigation drainage tube. (B) The finished self-made 
irrigation drainage tube. (C) Placement of drainage tube: conventional drainage tube or self-made irrigation drainage tube.
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CNPDCII group (p=0.044, Table 2). The postoperative hos
pital stay in CNPDCII group was significantly shorter than 
the conventional drainage group (p=0.041, Table 2).

Comparison of SSI Incidence Between the 
Conventional Drainage Group and CNPDCII Group
In the conventional drainage group, there were 10 cases of 
superficial incision infection, 8 cases of deep wound infec
tion and 1 case of pelvic cavity infection; In the CNPDCII 
group, there were 5 cases of superficial incision infection, 3 
cases of deep incision infection and 0 case of pelvic cavity 
infection. All SSI cases were diagnosed during patients’ 
hospital stay. The rate of SSI in CNPDCII group (8/46, 
17.4%) was significantly lower than in the conventional 
drainage group (19/53, 35.8%), as shown in Table 3.

Univariate and Multivariate Analysis of SSI Risk 
Factors After ELAPE
The rate of SSI in the whole group was 27.3% (27/99). 
Univariate logistic regression analysis showed that, in 
addition to CNPDCII, diabetes, smoking and preoperative 
neoadjuvant chemoradiotherapy were closely related to 
SSI following laparoscopic ELAPE (Table 3). In the multi
variate logistic regression analysis model, the results sug
gested that CNPDCII was an independent protective factor 
for postoperative SSI, as shown in Table 4.

Discussion
Because of the enlarged resection scope of perineum and 
fixed bone structure of the pelvic, it is difficult to close the 
subcutaneous space and fat during the operation of 
ELAPE, which results in large dead space. Compared 
with the traditional abdominoperineal resection, SSI is 
more likely to occur because the dead spaces cannot be 
filled and closed by granulation tissues in a short period of 
time after ELAPE. This in turn may lead to more local 
exudation.10 Additionally, SSI will extend the length of 

Table 3 Univariate Analyses of SSI in the Presacral Space and 
Perineal Incision After Laparoscopic ELAPE for Rectal Cancer

Clinicopathological 
Features

Number SSI(+) P value

Age <65 54 13 (24.1%) 0.434

≥65 45 14 (31.1%)

Gender Male 66 19 (28.8%) 0.632

Female 33 8 (24.2%)

BMI Yes 88 22 (25.0%) 0.151

No 11 5(45.5%)

Diabetes Yes 18 7(38.9%) 0.019

No 81 20(24.7%)

Hypertension Yes 23 6(26.1%) 0.884

No 76 21(27.6%)

Smoke Yes 47 18(38.3%) 0.019

No 52 9(17.3%)

NRS (2002) Score <3 85 23(27.1%) 0.906

≥3 14 4(28.6%)

ASA Classification I 65 18(27.7%) 0.982

II 27 7(25.9%)

III 7 2(28.6%)

cTNM Stage II 44 11(25.0%) 0.650

III 55 16(29.1%)

Tumor diameter (cm) <5 78 21(26.9%) 0.880

≥5 21 6(28.6%)

Neoadjuvant therapy Yes 35 14(40.0%) 0.035

No 64 13(20.3%)

CNPDCII Yes 46 8(17.4%) 0.046

No 53 19(35.8%)

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologist; 
NRS, nutrition risk screening; CNPDCII, continuous negative pressure drainage 
combined with intermittent irrigation.

Table 2 Comparison of Perioperative Parameters Between Conventional Drainage Group and CNPDCII Group

Observation Parameters Conventional Drainage CNPDCII P value

N=53 N=46

Operating theatre Time (min) 169.5±10.2 173.3±11.7 0.322

Intraoperative Blood Loss (mL) 145.0±23.4 139.0±21.8 0.587
Drainage tube retention time (d) 9.4±1.6 7.8±1.2 0.044

Postoperative Hospital Stay (d) 11.9±2.3 9.7±1.4 0.041

Abbreviation: CNPDCII, continuous negative pressure drainage combined with intermittent irrigation.
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hospital stay, increase the readmission rate, and increase 
the difficulty and cost of home care.21

In the present study, we demonstrated that continuous 
negative pressure drainage combined with intermittent 
irrigation could reduce the rate of SSI after laparoscopic 
ELAPE from 35.8% to 17.4%, and no patient had pelvic 
floor hernia or intestinal rupture during the negative pres
sure irrigation. Multivariate analysis by logistic regression 
confirmed that continuous negative pressure drainage com
bined with intermittent irrigation was an independent pro
tective factor for SSI after ELAPE.

Reducing the accumulation of blood clots and exudate in 
the presacral space is an important strategy to prevent SSI after 
ELAPE.18 The disadvantage of conventional natural drainage 
is that it cannot be adequately drained, which is more likely to 
cause local exudate accumulation and increases the incidence 
of incision infection to a certain extent.22 Some scholars have 
proposed that continuous irrigation could reduce the infection 
rate of perineal incision.17,23–25 A recent study by Kaneko 
demonstrated that the SSI rate was significantly decreased 
from 32.6% to 7.8% by using incisional negative pressure 
wound therapy after APR.18

However, continuous irrigation requires patients to maintain 
a certain position in the bed, which affects the early activities of 
patients and limits the development of enhanced recovery after 
surgery (ERAS) after laparoscopic ELAPE. Therefore, we 
adopt a modified method by using continuous negative pressure 
drainage combined with intermittent irrigation. The continuous 
negative pressure device was also replaced by a negative pres
sure ball. Compared with the conventional natural drainage, this 
modified method adds a negative pressure suction device, 
which can ensure adequate drainage and reduce residual cavity 
effusion in presacral space. The pressure of negative suction can 
be controlled actively, so as to prevent the surrounding tissue or 
small intestine from being sucked into the drainage tube by 
excessive negative pressure. Furthermore, the negative pressure 
drainage ball is convenient for patients to carry about. On the 
other hand, when needing to be irrigated, the patient can be 

irrigated intermittently through the infusion set. Compared with 
continuous irrigation, our modified method does not limit 
patient’s early postoperative activities, which is more in line 
with the ERAS and shortened postoperative hospital stays.26 

Therefore, our modified method is more reasonable than con
ventional natural drainage or continuous irrigation, which not 
only ensures patient’s irrigation and drainage, but also ensures 
the development of ERAS.

In recent years, negative pressure drainage and irrigation 
for the prevention and treatment of SSI have been gaining 
credence by most scholars. Favorable clinical effects of 
negative pressure drainage-assisted irrigation have been 
reported in patients with severe maxillofacial multiple- 
space infections.27,28 A few meta-analyses have confirmed 
that the use of negative pressure wound therapy could 
reduce the risk of SSI and other wound-related complica
tions after APR.17,19,29 Negative pressure suction with irri
gation has been reported to be an efficient technique for the 
management of deep SSI.30 Therefore, negative pressure 
drainage with irrigation is becoming a main trend in the 
prevention and treatment of complicated deep SSI.

Due to the high incidence of SSI and a great impact on the 
recovery of patients, many scholars have tried to find the risk 
factors of SSI following APR and ELAPE. However, in 
previous studies, there have been inconsistencies on the 
role of risk factors for SSI following APR and 
ELAPE.11,31,32 In recent years, the most reported risk factor 
for SSI after APR is neoadjuvant chemoradiation.31,33,34 

Neoadjuvant chemoradiotherapy has become the standard 
treatment mode for locally advanced middle and low rectal 
cancer and has been recommended by many guidelines or 
consensus.35 However, local tissue edema and fibrosis 
caused by neoadjuvant chemoradiotherapy may hinder the 
growth of incision granulation tissue and increase bacterial 
growth.36 Our results revealed that the incidence of SSI in the 
preoperative chemoradiotherapy group was higher than that 
in the non-postoperative chemoradiotherapy group, and mul
tivariate analysis confirmed the correlation between 

Table 4 Multivariate Logistic Regression Analysis of SSI in the Presacral Space and Perineal Incision After Laparoscopic ELAPE for 
Rectal Cancer

Variables OR (Odds Ratio) 95% CI P value

Smoke (Yes/No) 3.231 1.199–8.705 0.020

Neoadjuvant therapy (Yes/No) 3.390 1.246–9.223 0.017

CNPDCII (No/Yes) 3.055 1.098–8.500 0.032
Diabetes (Yes/No) 1.933 0.567–6.595 0.292

Abbreviations: CNPDCII, continuous negative pressure drainage combined with intermittent irrigation; OR, odds ratio; CI, confidence interval.
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preoperative chemoradiation and SSI. BMI is considered to 
be closely related to the incidence of SSI in all types of 
surgery, including type I surgical incisions.37 Compared 
with normal weight patients, obese and morbidly obese 
patients are at least 1.3 times more likely to develop SSI.38 

Different from previous research results, BMI was not corre
lated with SSI in univariate analysis. This might be due to the 
limited sample size of this study and low BMI of Asian 
population. Besides, the present study was based on retro
spective data and a relatively small sample size. Hence, 
whether continuous negative pressure drainage combined 
with intermittent irrigation will be essential for decreasing 
rates of SSI following ELAPE in surgical practice still 
requires confirmation using multi-center prospective studies 
with large sample sizes.

Conclusion
In summary, our study confirmed that continuous negative 
pressure drainage combined with intermittent irrigation could 
effectively reduce the incidence of SSI after laparoscopic 
ELAPE, which was simple, safe and effective. It was more 
in accordance with the concept of ERAS and was worthy of 
promotion and application in clinical management.
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