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Abstract
Purpose Surgical site infection (SSI) occurs at a high rate after ileostomy closure. The effect of preventive negative-pressure 
wound therapy (NPWT) on SSI development in closed wounds remains controversial. We conducted a prospective multicenter 
study to evaluate the usefulness of preventive NPWT for SSI after ileostomy closure.
Methods From January 2018 to November 2018, 50 patients who underwent closure of ileostomy created after surgery for 
colorectal cancer participated in this study. An NPWT device was applied to each wound immediately after surgery and then 
treatment was continued for 3 days. The primary endpoint was 30-day SSI, and the secondary endpoints were the incidence 
of seroma, hematoma, and adverse events related to NPWT.
Results No patients developed SSI, seroma, or hematoma. Adverse events that may have been causally linked with NPWT 
were contact dermatitis in two patients and wound pain in one patient, and there were no cases of discontinuation or decom-
pression of NPWT.
Conclusion The use of NPWT following ileostomy closure may be useful for reducing the development of SSI in colorectal 
cancer patients. This is a prospective multicenter pilot study and we are planning a comparative study based on these suc-
cessful results.
Trail registration Registration number: UMIN000032053 (https ://www.umin.ac.jp/).

Keywords Surgical site infection · Ileostomy closure · Negative-pressure wound therapy

Introduction

Surgical site infection (SSI) is one of the most common 
postoperative complications [1]; it prolongs hospital stays, 
reduces patient satisfaction with treatment, and increases 
medical costs. In the previous reports, the duration of hos-
pitalization was extended by 10.0–17.8 days and medical 
expenses were increased by USD 3945–5928 [2, 3]. Vari-
ous measures have been taken to reduce the incidence of 
SSI, such as bowel preparation [4], the administration of 
appropriate perioperative antibiotics [4], skin disinfection 
[4], reduction of wound length [5], wound protection [4], 
use of absorbable sutures [4], wound irrigation with saline 
[6], and use of subcuticular sutures [7].

A diverting stoma may be created in cases of anal-pre-
serving surgeries such as low anterior resection or inter-
sphincteric resection (ISR) for rectal cancer to preemptively 
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prevent anastomotic leakage. In any case, a stoma is an 
indispensable option in patients undergoing colorectal sur-
gery. When constructing a diverting stoma, ileostomy is 
often selected, because it is easier to establish and close 
than a colostomy.

Various complications occur after ileostomy closure, such 
as SSI, seroma, hematoma, bowel obstruction, and postop-
erative paralytic ileus. SSI is a very common complication; 
its incidence after primary wound closure and subsequent 
ileostomy closure was reported to be as high as 40% [8, 9], 
which is one of the highest rates among all surgical proce-
dures [5]. Generally, the risk factors for SSI are diabetes, 
smoking history, a high body mass index (BMI), long opera-
tive time, and blood loss [10]. There are several risk factors 
for SSI after ileostomy closure, namely wound dehiscence, 
subcutaneous fat thickness, and American Society of Anes-
thesiologists classification ≥ 3 [11].

Negative-pressure wound therapy (NPWT) in the form of 
vacuum-assisted closure was first introduced in 1997 [12]. 
NPWT is a treatment that promotes wound healing by apply-
ing negative pressure to an infected wound in a closed envi-
ronment. Two studies have demonstrated that SSI decreased 
by the application of preventive NPWT to closed laparotomy 
incisions [13, 14]. Preventive NPWT for primary wound 
closure was shown to reduce SSI in several meta-analyses 
that examined studies on abdominal and orthopedic surgery. 
In the setting of abdominal surgery, three randomized-con-
trolled trials (RCTs) demonstrated contradictory results. In 
an RCT of 50 patients, 25% of whom underwent colorectal 
operations, O’Leary found that the incidence of SSI was sig-
nificantly lower in the NPWT group than in controls: 8.3% 
vs. 32.0%, respectively (p = 0.043) [15]. A meta-analysis by 
Sahebally recently showed that preventive NPWT for gen-
eral abdominal surgery and colorectal resection reduced the 
incidence of SSI (odds ratio 0.25; 95% confidence interval, 
0.12–0.52; p < 0.001) [16].

Two single-center studies demonstrated that preventive 
NPWT after ileostomy closure decreased the incidence 
of SSI. In the first study, Cantero et al. [17] reported that 
patients who received preventive NPWT did not develop 
SSI, but the pressure and duration of NPWT were not stand-
ardized. In the second study [18], NPWT was performed 
with a continuous negative pressure of 125  mmHg for 
5 days, and the surgical procedure was standardized; the 
incidence of SSI decreased from 20 to 12.5% with preven-
tive NPWT.

To eliminate any bias to the greatest extent possible, this 
prospective multicenter study established a protocol involv-
ing strict standardization of perioperative antibiotics, intesti-
nal anastomosis, wound irrigation, and NPWT. As a prepara-
tory step for future comparative studies, a pilot study was 
conducted to evaluate the efficacy and safety of preventive 
NPWT using this protocol.

Methods

This is a prospective multicenter pilot study. All proce-
dures performed in studies involving human participants 
were conducted in accordance with the ethical standards 
of the institutional research committee and with the 1964 
Helsinki declaration and its later amendments or com-
parable ethical standards. The protocol was approved by 
the institutional review board at each participating center. 
All the patients provided their written informed consent. 
This study is registered in the University Hospital Medical 
Information Network (https ://www.umin.ac.jp; registration 
number ID 000032053).

Patients

Patients who underwent temporary loop ileostomy cre-
ated after surgery for colorectal cancer at a participating 
hospital between January 2018 and November 2018 were 
screened for the exclusion criteria, and if eligible, were 
asked to participate.

The inclusion criteria were patients with colorectal can-
cer who underwent elective closure of a loop ileostomy, 
and who were aged 20 years or older and who gave their 
consent to participate. The exclusion criteria were patients 
who had ileostomy-related wound infection or severe liver 
or renal dysfunction.

Interventions

The study schedule is delineated in Fig. 1. All patients 
had no mechanical bowel lavage as a preoperative pro-
cedure. The intestinal canal was sutured closed, then the 
skin was closed, and the intestinal tract was buried. The 
skin was washed with chlorhexidine gluconate and the 
skin was disinfected with povidone iodine. The technique 
for ileostomy closure involved creating a spindle-shape 
incision around the ileostomy, followed by its complete 
mobilization. The ileostomy was extracted through this 
incision, and extracorporeal functional end-to-end anas-
tomosis was performed. The fascia was closed with anti-
bacterial polydioxanone (PDS) sutures. The wound was 
irrigated with 500 ml of saline, and then, skin closure 
was performed with interrupted dermal sutures using 4–0 
PDS sutures (Fig. 2a, b). The NPWT system consisted of 
a GranuForm dressing (V.A.C.®; KCI, San Antonio, TX) 
covered with an adhesive sheet. This was attached imme-
diately after surgery to a wound vacuum pump (V.A.C.®) 
set to 125 mmHg continuous negative pressure, and which 
was thereafter maintained for 3 days (Fig. 2c). To reduce 
any bias associated with the surgical procedure, we created 
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a video of the procedure and standardized the protocol at 
all participating hospitals.

Each patient received 1 g of cefmetazole as prophylaxis 
before the skin incision and up to 24 h postoperatively every 
8 h. The patients were followed up daily during hospitaliza-
tion, and again at 30 days postoperatively.

The primary endpoint was the incidence of SSI at 30 days 
after surgery. SSI was defined according to the definition 
of the Centers for Disease Control and guidelines [4]: any 

infection of the superficial or deep tissues or the organ/
space affected by surgery, and which occurs within 30 days 
of surgery. We diagnosed any patient with at least one of the 
following symptoms as having SSI: (1) purulent drainage 
from a superficial incision; (2) organisms isolated from an 
specimen obtained aseptically from a superficial incision or 
subcutaneous tissue; (3) any sign or symptoms of infection, 
including pain or tenderness; localized swelling; redness; a 
deliberate opening of the superficial incision by the surgeon, 

Fig. 1  Schedule of event table. 
*Surveillance by a team led 
by a nurse certified in wound, 
ostomy, and continence nursing

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 30

NPWT -125mmHg

SSI 
check*, 
photo

Discharge

Fig. 2  Representative abdomi-
nal images a before ileostomy 
closure, b before and c after 
application of NPWT, and d 
3 days, e 30 days, and f 90 days 
after ileostomy closure
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unless the incision was culture negative; and diagnosis of a 
superficial incisional SSI by the surgeon or attending physi-
cian. The primary endpoint was evaluated by a team led by 
a nurse certified in wound, ostomy, and continence nursing 
(WOCN) at postoperative days 3, 5, 7, and 30.

The secondary endpoints were the incidence of seroma, 
hematoma, and adverse events related to NPWT. NPWT 
could be interrupted for unavoidable reasons such as wound 
pain and contact dermatitis and resumed if there were no 
problems with the wound. Decompression was permissible if 
the pain was severe; the pressure was changed to 80 mmHg 
and NPWT was continued.

Follow-up was performed every day until discharge, as 
well as at 30 days after surgery. Wounds were checked by 
a physician at every follow-up examination (Fig. 2d, e, f). 
The above procedures for ileostomy closure, NPWT, and 
postoperative follow-up were performed at all centers in the 
same manner.

This study was completed and the finalization of data for 
analysis was performed in January 2019.

Results

This study included a total of 50 patients who underwent 
ileostomy closure for colorectal cancer. The median age 
was 65 years (range 34–80 years), and 62% were male. The 
median BMI was 22.5 kg/m2 (range 14.8–33.6 kg/m2). Seven 
patients had diabetes. There were 28 patients with a smok-
ing history; of these, 19 were ex-smokers and nine were 
current smokers. Only one patient was a steroid user. The 
median preoperative albumin and total lymphocyte counts 
were 4.1 g/dl (range 3.5–4.6 g/dl) and 1394 mm3 (range 
516–2533 g/dl). In addition, the median prognostic nutri-
tional index was 47.9 (41.1–53.6). The operative procedure 
at primary tumor resection was low anterior resection in 35 
patients and ISR in 12 patients, and 23 patients had received 
adjuvant chemotherapy. The median duration of ileostomy 
was 177 days (range 70–446 days) (Table 1). The median 
heights of the proximal and distal limbs of the ileostomy 
were 37 mm (range 5–50 mm) and 25 mm (range 5–30 mm), 
respectively. Before ileostomy closure, the level of parasto-
mal dermatitis as measured by the discoloration, erosion and 
tissue overgrowth (DET) score was 2 (range 0–6).

The median operative time and blood loss volume were 
78 min (range 41–174 min) and 5 ml (range 5–110 ml), 
respectively. The length of the skin incision was 60 mm 
(range 40–90 mm) (Table 2). Table 3 shows the operative out-
comes of ileostomy closure. None of the patients were diag-
nosed with SSI, seroma, or hematoma. Postoperative para-
lytic ileus occurred in seven patients, with grade 3 severity in 
two patients according to the Clavien–Dindo Classification 
(CD). Adverse events that may have been causally linked with 

NPWT were contact dermatitis in two patients and wound pain 
in one patient, but all of these events were CD grade 2 or 
less. No patients experienced interruption or decompression 
of NPWT. The leachate volume collected at the NPWT was 
small amount in all cases. The median length of hospital stay 
was 6 days (range 4–19 days).

Table 1  Patient characteristics

BMI body mass index. COPD chronic obstructive pulmonary disease. 
TLC total lymphocyte count. PNI prognostic nutritional index. LAR 
low anterior resection. ISR intersphincteric resection
a Values are the median (range)

Age (years)a 65 (34–80)
Gender
 Male (%) 31 (62)
 Female (%) 19 (38)

BMI (kg/m2)a 22.5 (14.8- 33.6)
Comorbidities
 Hypertension (%) 12 (24)
 Diabetes (%) 7 (14)
 COPD (%) 2 (4)

Smoking history
 Non-smoker (%) 22 (44)
 Ex-smoker (%) 19 (38)
 Smoker (%) 9 (18)

Steroid use (%) 1 (2)
Pre-operative albumin (g/dl)a 4.1 (3.5–4.6)
Pre-operative TLC  (mm3)a 1394 (516–2533)
Pre-operative  PNIa 47.9 (41.1- 53.6)
Procedure used to remove primary tumor
 Lap-LAR 35
 Lap-ISR 12
 Lap-ISR 12

Duration of ileostomy (days)a 177 (70- 446)

Table 2  Operative data for ileostomy closure

a Values are the median (range)
DET discoloration, erosion, and tissue overgrowth

Height of the ileostomy
 Proximal limb (mm) 37 (5–50)
 Distal limb (mm) 25 (5–30)

Parastomal dermatitis (DET score)a 2 (0–6)
Operative time (min)a 78 (41–174)
Blood loss (ml)a 5 (5–110)
Length of the skin incision (mm)a 60 (40–90)
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Discussion

In this study, preventive NPWT was associated with a 
reduced incidence of SSI after ileostomy closure in colorec-
tal cancer patients. A previous study showed that preventive 
NPWT decreased the incidence of SSI, but did not eliminate 
its occurrence [18]. As a result, NPWT alone apparently 
cannot prevent SSI, and other factors such as the methods 
of anastomosis, wound irrigation, and suturing might be 
involved in the occurrence of SSI. It would be worthwhile 
to examine these factors in a multicenter prospective study 
that standardized ileostomy closure methods as much as pos-
sible. Our cohort in this multicenter study was relatively 
more likely to have risk factors for SSI such as high BMI, 
diabetes, and smoking history, but the results were positive 
despite the inclusion of patients with these comorbidities. 
While the previous study mentioned above was a single-
center study [18], this study was the first to show the useful-
ness of preventive NPWT using a standardized approach 
with a multicenter design.

The manufacturer of the NPWT device used in this study 
generally recommends a suction pressure of 125 mmHg. 
Blood flow levels in wounds increased fourfold with a con-
tinuous negative pressure of 125 mmHg. The appropriate 
duration of the preventive NPWT is unclear. In the previ-
ous reports, preventive NPWT was conducted for 3–7 days 
[13, 15, 17–19]. The usual primary closed wound is closed 
in 48 h. When performing NPWT on infected wounds, the 
dressing is usually changed every 2–3 days and wounds are 
observed. We considered that preventive treatment should 
be performed with a minimum treatment period and medical 
materials. In this study, preventive NPWT was performed 
for 3 days with good results, and this treatment period was 
considered to be appropriate. It was considered that the pro-
tocol used in this study was safe and appropriate, because 
there were no cases in which NPWT was interrupted or in 
which decompression was necessary, and because there were 
a few adverse events that were definitively linked to NPWT.

Ileostomy construction procedures might be associ-
ated with the occurrence of SSI at ileostomy closure. An 
ileostomy proximal limb height of less than 10 mm was 
reported to be a risk factor for parastomal dermatitis and 
mucocutaneous separation after ileostomy creation [20]. 
There were also patients with a low ileostomy height and 
with parastomal dermatitis as determined by the DET 
score. Preventive NPWT may promote the healing of 
peristomal dermatitis and reduce the incidence of SSI. A 
consistent effort following ileostomy construction seems 
to be important for preventing the occurrence of SSI.

Patients in a previous study had a long operative time 
and large amount of bleeding [10]. This suggests that the 
occurrence of SSI could be reduced using the protocol 
in this study, in which abdominal wall closure was per-
formed using absorbable dermal sutures and wound irri-
gation was conducted with pressurized saline; together, 
these approaches were reported to reduce SSI by 25 [21], 
6 [22], and 1% [23].

It was reported that the hospital stay after ileostomy clo-
sure without preventive NPWT ranged from 6 to 9 days [18, 
24]. Our cohort that did not undergo preventive NPWT had 
a median postoperative hospital stay of 9 days, whereas the 
median hospital stay in the cohort that underwent preven-
tive NPWT was 6 days; thus, our protocol might shorten the 
length of hospital stay.

The medical cost of performing NPWT for 3 days was 
reported to be USD 330 [25]. Assuming that preventive 
NPWT reduces the incidence of SSI from 40 [3] to 3% [17, 
18], the additional medical cost will be reduced by 80% 
even if preventive NPWT is performed on all cases. Kalady 
et al. report that the medical cost of performing an ileos-
tomy closure is $ 4000 [26]. The average total medical cost 
is reduced by 30%. In conducting this research, education 
related to NPWT was provided to nurses certified in WOCN. 
The material was relatively easy to learn, and no extra cost 
was required.

As first described by Banerjee [27], the purse-string skin 
closure (PSC) technique reduced the incidence of SSI com-
pared to the conventional linear closures (CLC) [28, 29]. Lee 
et al. [28] reported that PSC significantly reduced the inci-
dence of SSI compared to CLC (2% vs 15%, p = 0.01), but it 
did not lead to patient satisfaction in terms of cosmesis and 
wound care. As shown in this study, if the incidence of SSI 
is reduced by adding NPWT to the CLC, patient satisfaction 
may be higher, and we will clarify this in future studies.

There are two main limitations associated with this study. 
First, this study was not a comparative study. Second, this 
study had a small sample size. Preventive NPWT was found 
to reduce the incidence of SSI from 20 to 12.5% [18], but if 
this efficacy could be further improved, this would reduce 
medical costs and shorten hospital stays. We considered that 
it was important to examine these issues prospectively, and 

Table 3  Operative outcomes following ileostomy closure

SSI surgical site infection. NPWT negative pressure wound therapy
a Values are the median (range)

SSI 0
Seroma 0
Hematoma 0
Ileus (%)a 7 (14)
Contact dermatitis (%)a 2 (4)
Wound pain (%)a 1 (2)
Interruption of NPWT 0
Decompression of NPWT 0
Length of hospital stay (days)a 6 (4–19)
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a pilot study of 50 cases was performed. We are planning a 
randomized clinical trial based on these successful results.

Conclusion

The use of NPWT following ileostomy closure may be use-
ful for reducing the development of SSI in colorectal cancer 
patients. This is a prospective multicenter pilot study and 
we are planning a comparative study based on these suc-
cessful results.
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