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Abstract: Background/Objectives: Surgical site infections (SSIs) rank among the most common 

complications following stoma takedown and lead to increased morbidity, increased length of 

hospital stay (LOS), and higher healthcare costs. Negative Pressure Wound Therapy (NPWT) systems 

have emerged as a promising option for optimizing wound management and minimizing SSI rates. 

This systematic review and meta-analysis aims to compare postoperative outcomes of NPWT and 

conventional non-pressure dressings following stoma reversal. Methods: A literature search was 

conducted across MEDLINE/PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), 

and Scopus, as well as ClinicalTrials.gov, up to September 1, 2024. Only randomized controlled trials 

(RCTs) were included. The primary outcome was SSI rate, while secondary outcomes included time 

to complete wound healing, LOS, and patient-reported wound cosmesis. Results: Six RCTs, 

including 328 patients, were ultimately eligible for inclusion. No significant difference was revealed 

in SSI rates between the NPWT and conventional dressing groups (OR = 0.95; 95% CI: 0.27–3.29; P = 

0.94; I² = 38%). Time to complete wound healing was significantly lower in NPWT group, compared 

to conventional dressings (MD = -3.78 days; 95% CI: -6.29 to -1.27; P = 0.003). Two studies reported a 

lower rate of wound healing complications other than SSIs in the NPWT group (OR = 0.22; 95% CI: 

0.05–1.09; P = 0.06). No substantial differences were observed in terms of LOS (MD = -0.02 days; 95% 

CI: -1.22 to 1.17; P = 0.97) and patient-reported wound cosmesis (SMD = 0.31; 95% CI: -0.49 to 1.11; P 

= 0.44). Conclusions: NPWT contributes to improved wound management through reducing wound 

healing time compared to non-pressure dressings after stoma reversal, although it does not appear 

to substantially impact SSI rates, LOS, or patient-assessed wound cosmesis. Further large-scale, 

multicenter RCTs are necessary to validate these results and identify patient populations most likely 

to benefit from NPWT application. 
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1. Introduction 

Colorectal surgical procedures are ranked among the most common operations performed 

worldwide, due to the significantly increased incidence of both colonic and rectal benign lesions and 

malignancies [1,2]. In proportion, construction of intestinal stomas is a quite common surgical 

procedure, performed to address numerous benign or malignant colorectal conditions, such as such 

as colorectal malignancy, inflammatory bowel diseases, post-radiation injury, diverticular disease, 

perineal inflammation and infection, and fecal incontinence, both in emergency and elective setting 

[3]. Despite the obscure ostomy-related statistical data due to underreporting, approximately 750,000 

to 1 million patients in the United States are having a stoma, while approximately 150,000 surgical 

procedures including stoma creation take place each year [4]. The most commonly encountered types 

of stomas in surgical practice include Hartman’s end colostomy, loop colostomy, and ileostomy [5]. 

Furthermore, stomas are classified as temporary, that are reversed after resolution or improvement 

of the initial indication, or permanent [3]. According to data from Nationwide Inpatient Sample, 

approximately 50,155 patients undergo stoma reversal annually [6]. 

Surgical site infections (SSIs), defined as infections occurring within the first 30 postoperative 

days, or within the first postoperative year in presence of implants, may affect up to 20% of patients 

[7]. SSIs present a significant concern and burden in postoperative care, since they have been 

associated with higher morbidity and mortality rates, prolonged hospital stay and increased 

healthcare costs [8,9]. Given that the concentration of bacteria in the colon is approximately 1012 per 

gram of contents and that there is high risk of wound contamination with bowel content, it is well 

understood why patients undergoing colorectal surgical procedures present SSIs in disproportionally 

higher rates, compared to patients undergoing other surgical procedures [10,11]. Especially, SSIs 

constitute the most common complication and a major cause of morbidity after stoma reversal (SR-

SSI), with reported incidence ranging from 2 to 41% [12]. Numerous risk factors have been associated 

with SR-SSI, including colostomy, skin closure technique, Crohn’s disease, diverticular disease, 

increased operative time, history of fascial dehiscence and thick subcutaneous fat tissue [13–15]. 

Vacuum-Assisted Closure (VAC) therapy, also known as negative pressure wound therapy 

(NPWT), constitutes a revolutionary technological advance, aiming at promoting wound healing 

through providing subatmospheric negative pressure across the wound bed [16]. Several types of 

NPWT systems are commercially available, including traditional NPWT systems, instillation NPWT 

systems and closed incision negative pressure therapy (ciNPT) devices [17,18]. Numerous reports 

highlight the efficacy and feasibility of NPWT systems in reducing SSIs after abdominal operations 

[19,20]. Furthermore, the superiority of NPWT has been also established in grossly contaminated 

conditions and in the emergency setting, leading to reduced risk of SSI and wound dehiscence [21]. 

Literature contains encouraging data regarding SSIs rate and use of NPWT after stoma reversal, 

mainly derived by cohort and comparative studies [22,23]. However, no previous systematic review 

and meta-analysis of randomized controlled trials (RCTs) has comprehensively evaluated the 

comparative effectiveness of NPWT versus conventional non-pressure dressings specifically in stoma 

reversal. 

The primary objective of this systematic review and meta-analysis is to compare the effectiveness 

of NPWT systems with conventional non-pressure dressings in reducing SSIs following stoma 

reversal. By synthesizing data from randomized controlled trials, this study aims to provide 

evidence-based recommendations for optimal wound management strategies in patients undergoing 

this high-risk surgical procedure. 

2. Materials and Methods 
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A systematic review and meta-analysis was performed to investigate the current evidence 

provided by randomized controlled trials regarding the effect of NPWT systems on surgical wound 

treatment after ileostomy or colostomy closure in colorectal surgery, compared to non-pressing 

dressings. This systematic review was conducted without a pre-existing registered protocol and was 

constructed based upon the guidelines of the Preferred Reporting Items for Systematic reviews and 

Meta-Analyses (PRISMA) [24]. Taken into consideration that the study did not involve any patient 

data or intervention; institutional review board approval was not required. 

2.1. Literature Search 

A systematic and thorough search of the literature published up to 1st of September 2024 was 

performed by two independent reviewers (E.A. and S.S.) in MEDLINE/PubMed, Cochrane Central 

Register of Controlled Trials (CENTRAL), and Scopus. ClinicalTrials.gov was also investigated for 

eligible studies. Search for additional eligible studies was performed using the “similar studies” 

feature in PubMed after identification of relevant studies, as well as manual searching and perusing 

reference lists of eligible studies. The search strategy for the database of Medline provided through 

PubMed, including a combination of free-text and Mesh terms, as well as the adjusted search string 

applied to the other databases, are presented in Supplementary Material. In addition, the reference 

lists of the eligible articles were reviewed, using a snowballing approach . No language, geographical 

or chronological restrictions were applied in our search. 

The studies were initially reviewed independently from the two reviewers[25], based on their 

title and abstract, against to the inclusion criteria. Discrepancies were resolved by a third reviewer 

(O.I.) and reasons for exclusion were recorded for each study. Subsequently, the full-text of the 

studies of interest was obtained and was assessed for inclusion and extractability of content. 

2.2. Inclusion Criteria 

In the present study, we included studies with the following characteristics: 1) randomized 

controlled trials (RCTs); 2) including adult patients; 3) studying the effect of NPWT systems after 

stoma (ileostomy or colostomy) closure, either with purse-string or linear skin closure, compared 

with non-pressure dressings (gauzes, lints, plasters, bandages (natural or synthetic) and cotton 

wool.); and 4) SSI rate among the outcomes. 

2.3. Exclusion Criteria 

The exclusion criteria for the studies in our review, were studies concerning pediatric 

population, experimental or in vitro studies, case reports or case series, retrospective or prospective 

observational studies, narrative or systematic reviews, comments or editorials, book chapters, studies 

with non-extractable data or studies whose full-text was not available online or through 

communication with the authors, abstract publications, and protocols of incomplete clinical trials. 

2.4. Data Extraction and Quality Assessment 

Before data collection, the two reviewers (E.A. and S.S.) built a data extraction sheet and pilot 

tested it in a representative sample of eligible studies before data collection. Data collected included: 

• Study identification data and study characteristics: First author’s name and year of publication, 

country of origin of first author, trial register ID number, RCT design type, study time frame-

duration, funding sources, number of participants randomized 

• Number of study arms included, number of patients per arm, inclusion/exclusion criteria, 

study quality, type of analysis, deviation from the initial protocol and selective reporting, 

follow-up period) 

• Baseline characteristics of participants (mean age and standard deviations (SD), gender, BMI, 

primary indication for stoma creation, type of ostomy, technique of stoma-skin closure, 

administration of antibiotics) 
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• Data for the intervention (type of NPWT, duration of application, NPWT brand, frequency of 

dressing changes, duration of follow-up) 

• Data for the comparator (type of non-pressure dressings, duration of application, frequency of 

dressing changes, duration of follow-up) 

• Outcome data (outcome title, outcome definition and diagnostic criteria, SSI rate, rate of other 

wound healing complications, days of hospital stay, time to complete wound healing, patient-

reported wound cosmesis) 

Both reviewers collected and tabulated independently the data of the final papers chosen for this 

review. After data collection and comparison of retrieved information between the two reviewers, 

discrepancies were resolved with consultation of a third reviewer (O.I.). 

2.5. Outcomes 

The primary outcome of our study was SSI rate. Our secondary outcomes were length of hospital 

stay, time to complete wound healing, rate of other wound healing complications and patient-

reported wound cosmesis. All study outcomes were predefined. As other wound healing 

complications, we defined all wound-related undesired outcomes except of SSIs. 

2.6. Statistical Analysis 

Continuous variables were summarized as means and standard deviations (SD), while 

categorical variables were reported as counts and percentages. For studies that presented medians 

and interquartile ranges or ranges instead of means and SD, the Wan et al. method was applied to 

estimate means and SD values [26]. For the primary outcome (SSI rate) and other categorical 

outcomes (e.g., wound healing complications), results were synthesized as odds ratios (OR) with 95% 

confidence intervals (CI). For continuous outcomes, including length of hospital stay and time to 

complete wound healing, results were reported as weighted mean differences (WMD) with 95% CI 

when outcomes were measured on the same scale. For outcomes measured on different scales, such 

as patient-reported wound cosmesis, the standardized mean difference (SMD) was calculated with 

95% CI. Statistical heterogeneity was assessed using the I² statistic, with thresholds of <25% indicating 

low heterogeneity, 25–75% moderate heterogeneity, and >75% high heterogeneity. A P-value <0.05 

was considered statistically significant for all analyses. A random-effects model analysis was 

performed when I2 was moderate to high (>25%). In cases of low heterogeneity (<25%), a fixed-effects 

model was used. Meta-analyses and forest plots were generated using Review Manager (RevMan) 

version 5.4.1 software. The studies in the forest plot were ordered by study weight, prioritizing those 

with the greatest statistical contribution to the overall effect size, ensuring that the most influential 

evidence is highlighted. For studies including more than 2 intervention arms, pooling of data from 

the intervention groups to a single group, considering them as one intervention category, was 

decided and weighted averages and pooled variance were calculated to pool two groups’ means and 

SDs. For studies reporting zero events in one group (Tiang et al. [27]), continuity corrections were 

applied to facilitate statistical synthesis, while studies reporting zero events in both groups were 

automatically excluded by RevMan from the analysis. For continuous outcomes, a SD of 0 was 

encountered in one group in the study of Wierdak et al. [28], indicating no variability in the reported 

data. To allow for statistical analysis, a small non-zero value of 0.01 was substituted for the zero SD, 

consistent with standard meta-analytic practices. Sensitivity analyses were performed to assess the 

impact of this substitution on the pooled estimates and conclusions. Additionally, subgroup analyses 

and meta-regression were conducted to explore sources of heterogeneity where applicable. 

2.7. Quality Assessment 

The quality of the included randomized controlled trials (RCTs) was independently assessed by 

two reviewers (E.A. and S.S.) using the Cochrane Risk of Bias 2 (RoB 2) tool [29], evaluating the risk 

of bias across five discrete domains as “low risk of bias”, “some concerns”, or “high risk of bias” for 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1


 5 of 23 

 

each domain. To ensure consistency, the reviewers piloted the RoB 2 tool on a representative sample 

of included studies before formal evaluation. 

3. Results 

3.1. Study Selection Process 

The initial search of the selected online databases and registers provided a total number of 982 

articles. After removal of 249 duplicate records, 733 records were screened based on their title and 

abstract. After exclusion of 702 records due to low relevance based on title and abstract and inability 

to retrieve 7 reports, the selection process resulted in 24 articles eligible for full-text analysis, with 6 

articles finally accepted for qualitative and quantitative analysis [27,28,30–33]. A flowchart diagram, 

according to the PRISMA-P guidelines, is presented in Figure 1 [34]. The present meta-analysis 

included 328 patients (170 patients in the NPWT group and 158 patients in the conventional non-

pressure dressings groups). 

 

Figure 1. The PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) flow chart of the 

systematic review and meta-analysis. 

3.2. Baseline Study Characteristics 

A total of six RCTs were included in this meta-analysis, providing an overall number of n= 332 

patients for analysis, divided into NPWT and non-pressure dressing groups [27,28,30–33]. The 

intervention and comparator groups had a relatively even distribution of participants across studies. 

The included studies were primarily conducted in Japan (2/6) [30,32], Poland (1/6) [28], Italy (1/6) 

[31], Korea (1/6) [33] and Australia (1/6) [27], between 2016 and 2024. The pooled mean age of the 

participants in the present meta-analysis was 58.04±13.49 years for the NPWT and 56.02 ±14.35 years. 

Male patients slightly predominated (n=205), with an approximate male-to-female ratio of 1/0.61. 

Stoma types were explicitly reported for all patients, with 301 ileostomies and 31 colostomies, created 
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primarily for colorectal cancer (60%) and inflammatory bowel disease (30%). More specifically, four 

studies included patients who underwent exclusively ileostomy closure [27,28,30,32], while the other 

two studies analyzed patient who underwent ileostomy or colostomy reversal [31,33]. All studies 

were designed including two arms, comparing NPWT with non-pressure dressings for wound 

management after stoma reversal, except for the trial of Kojima et al. [30], which included three arms 

evaluating non-pressure dressings as well as NPWT application in two different durations, 

respectively. 

Most studies adhered to standardized perioperative antibiotic regimens, predominantly second-

generation cephalosporins, with only one study not reporting relevant data [30]. Follow-up durations 

ranged from 7 to 42 days. NPWT systems used included the PICO Single Use NPWT [30–33], 

NANOVA [28], and SNaP™ [27], with pressure settings ranging from -80 to -125 mmHg. In 3/6 

studies [31–33], the diagnosis of SSI was based on the Criteria of the Centers for Disease Control and 

Prevention (CDC) [35], in one study [28] in a combination of criteria of CDC and European Centre 

for Disease Prevention and Control (ECDC) [36], in one study [30] based the diagnosis of SSIs on 

presence of pus in the wound bed, while in one study [27] SSIs are not clearly defined. 

Details regarding the baseline characteristics of the studies are portrayed in Tables 1 and 2, while 

Table 3 provides a more thorough overview of NPWT systems and non-pressure dressings used in 

the abovementioned RCTs.
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Table 1. Baseline characteristics of included studies. 

Study Journal Country 
Study 

period 

Number of 

arms 

Number of participants Lost in 

follow-up 

 

Follow-up 

(days) 

 

SSI Diagnosis 

Criteria 
Outcomes 

Total NPWT  NPD  

Uchino et 

al., 2016 

[32] 

 

Digestive 

Surgery 
Japan 

Nov 2014 -            

Sep 2015 
2 59 28 31 

2 (1 per 

arm) 
28 CDC 

Duration of 

complete wound 

healing 

incisional SSI 

prevalence 

Wierdak et 

al., 2020 

[28] 

Tech 

Coloproct 
Poland 

Jan 2016 -           

Dec 2018 
2 71 35 36 

4 (1 from 

non-

pressure 

dressing 

group and 

3 from in 

NPWT 

group) 

30 CDC+ECDC 

Healing 

complications, 

incidence of SSI, 

LOS, time to 

complete wound 

healing 

Kojima et 

al., 2021 

[30] 

BMC 

Surgery 
Japan 

March 2018- 

March 2019 

3   

A: NPD  

B:NPWT 

for 7d,  

C:NPWT 

for 14d 

30 20 10 
Not 

specified 
1,3,7,10,14 

Presence of 

pus in the 

wound 

Rate of wound 

reduction, SSI 

incidence, 

wound size 

healing time, 

and 

complication 

rate (excluding 

SSI) 
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Carrano et 

al., 2021 

[31] 

BJS Open

 

  

Italy 

June 2019 -

January 

2021 

2 98  

50 (finally 

analyzed 

49) 

48 (finally 

analyzed 

45) 

4 (3 from 

the non-

pressure 

dressing 

group and 

1 from the 

NPWT 

group) 

30 CDC 

Rate of SSIs and 

other wound 

complication 

SSIs, 

postoperative 

wound pain, rate 

of wound 

healing after 30 

days, wound 

aesthetic 

satisfaction 

Kang et al., 

2023 [33] 

Ann Surg 

Treat Res  
Korea 

June 2019 - 

May 2021 
2 34 

18 (finally 

analyzed 

16) 

18 

2 from the 

non-

pressure 

dressing 

group 

twice a 

week until 

complete 

wound 

healing  

CDC 

Complete 

wound-healing 

period, SSI rate, 

LOS, total cost, 

and the patient 

and observer 

scar assessment  

Tiang et 

al., 2024 

[27] 

ANZ 

Journal of 

Surgery 

Australia 

June 2018 -

December 

2021 

2 40 

20 (finally 

analyzed 

19) 

20 (finally 

analyzed 

19) 

1 per arm 

 
7, 14, 42 Not specified 

Complete 

wound healing 

at day 42, 

patient-reported 

wound cosmesis, 

SSI rate  

CDC: criteria of the Center for Disease Control; ECDC: European Centre for Disease Prevention and Control; LOS: length of hospital stay; SSI: surgical site infection; NPWT: Negative Pressure 

Wound Therapy, NPD: Non pressure dressing. 

Table 2. Participant demographics and clinical characteristics. 
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Study 

Age (years) BMI (kg/m2) Sex (F/M) 
 

Type of stoma 

 

Stoma indication 

Stoma 

closure 

technique 

Perioperative 

antibiotics 

NPWT 

group 

NPD 

group 

NPWT 

group 

NPD 

group 

NPWT 

group 

NPD 

group 
    

Uchino 

et al., 

2016 [32]  

48.1±14.9 

 

40.4±15.9 

 
19.8±4.3 19.7±3.8 11/17 8/23 ileostomy 

Ulcerative colitis, with a 2-

stage procedure of after 

restorative 

proctocolectomy with ileal 

pouch anal anastomosis 

PSC 

second-generation 

cephalosporin (20 

mg/kg) 

Wierdak 

et al., 

2020 [28] 

 

61.6±11.3 

 

62.4±11.3 

 

26.2±4.5 

 

26.2±4.3 

 
11/24 16/20 ileostomy 

Colorectal cancer 

 
LC 

second-generation 

cephalosporin (20 

mg/kg) 

 

Kojima 

et al. 

2021 [30] 

66±10 64.5 ±9.81 
20.96±2.39 

 
22.72±3.95 8/12 4/6 ileostomy Not specified PSC Not specified 

Carrano 

et al., 

2021 [31] 

56.32±12.92 55.08±16.25 23.81±3.38 23.45±3.66 15/35 17/31 

NPWT group:   

41 ileostomy,   

9 colostomy 

NPD group:   

38 ileostomy,  

10 colostomy 

NPWT group: 

Malignant disease 28/ 

Benign disease 22 

Non-pressure dressing 

group: Malignant disease 

26/ Benign disease 22 

 

PSC Cefazolin (20 mg/kg) 

Kang et 

al., 2023 

[33] 

65.75±15.85 61.5±12.97 23.45±21.27 25.35±14.56 9/9 8/8 

NPWT group:  

10 ileostomy,   

8 colostomy 

Not specified PSC 
2nd generation 

cephalosporin 
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NPD group:    

12 ileostomy,   

4 colostomy 

Tiang et 

al., 2024 

[27] 

55.67±17.1 62±15.1 27.62±6.21 26.12±4.50 

equal number 

of males and 

females in each 

group 

ileostomy 

NPWT group: 

Malignant disease 11,  

Benign disease 9 

Non-pressure dressing 

group: 

Malignant disease 14, 

Benign disease 6 

PSC 
cefazolin and 

metronidazole 

NPWT: Negative Pressure Wound Therapy; PSC: purse-string closure, LC: linear closure; Continuous variables are indicated as mean ± SD. 

Table 3. Technical details of NPWT and non-pressure dressings. 

Study 

NPWT group (Intervention) Non-pressure dressing group (Comparator) 

Type 
Pressure 

settings 
Details and duration Type of dressing Application protocol 

Uchino 

et al., 

2016 [32] 

PICO Single Use Negative 

Pressure Wound Therapy 

System (Smith and Nephew 

Healthcare, Hull, UK)   

–80 ± 20 mm Hg 
24 h after surgery, continued for 2 weeks, with 

changes every 3–4 days 

simple adhesive plaster  

 
Not specified 

Wierdak 

et al., 

NANOVA negative-pressure 

dressing   
Not specified 

Removal of the NANOVA dressing at 72 h, 

placement of Steri-Strips and a standard sterile 

sterile wound dressing  

  

1st dressing change at 

48 h, and thereafter 
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2020 [28]

  

dressing, which was then changed every 24 h 

until the removal of sutures  

every 24 h until the 

removal of sutures  

Kojima 

et al., 

2021 [30] 

PICO Single Use Negative 

Pressure Wound Therapy 

System (Smith and Nephew 

Healthcare, Hull, UK)  

  

–80 mm Hg 

Insertion of foam and PREVENA system on POD 

1 day. On POD 3, removal of dressing and foam, 

washing of the wound and application of NPWT 

without inserting a foam piece. Continuation up 

to POD 7/POD 14 and thereafter daily gauze 

changes until epithelialization 

simple gauze 

Removal on POD 1 

daily washing of the 

wound and gauze 

changes until 

epithelialization  

Carrano 

et al., 

2021 [31]  

PICO Single Use Negative 

Pressure Wound Therapy 

System (Smith and Nephew 

Healthcare, Hull, UK)  

 

–80 ± 20 mm Hg  
Direct application on the wound, maintenance 

for 7 days 
iodoform gauze  

Packing with iodoform 

gauze for 48 h, 

thereafter no packing 

Kang et 

al., 2023 

[33]  

PICO Single Use Negative 

Pressure Wound Therapy 

System (Smith and Nephew 

Healthcare, Hull, UK)  

Not specified Changes twice a week 

Simple transparent 

waterproof dressing (Allevin, 

Smith & Nephew Health 

Care)  

Daily changes  

Tiang et 

al., 2024 

SNaP™ (Smart Negative 

Pressure) wound care system 
-125 mmHg  

A gauze interface wick dressing, cut into a 2.5 cm 

width strip, with a length 4 times the depth of the 

simple, non-woven, 

absorbent cotton dressing  
Daily changes 
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[27] (Spiracur, Inc., Sunnyvale, 

CA),  

wound, was placed in the wound bed, followed 

by a hydrocolloid dressing connected to 60 mL 

cartridge. First change of the NPWT system at 

3rd post-operative day, complete removal at 7th 

day  

h: hours, POD: postoperative day; NPWT: Negative Pressure Wound Therapy. 
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3.3. Quality Assessment 

Quality assessment of included studies was performed in accordance with the revised Risk-of-

Bias tool version 2 (RoB 2), provided by Cochrane [29]. A set of five bias domains (D1 to D5) are 

assessed for discrete aspects of eligible studies, including trial design, conduct or reporting, through 

answering “signaling questions” for each domain. Answers to these questions provide a rating (“low 

risk”, “high risk” or “some concerns”). Two reviewers (A.E. and S.S.) independently assessed the 

final studies using the methods mentioned above, and possible discrepancies were resolved through 

a consensus with a third reviewer (O.I.). 

Results of quality assessment are presented in Figures 2A and 2B. Most studies demonstrated a 

low risk of bias across all domains. The highest proportion of concerns and high risk was observed 

in “Bias in the selection of the reported result,” suggesting variability in how outcomes were selected 

and reported. Similarly, “Bias in the measurement of the outcome” presented some concerns in a 

subset of studies. Carrano et al. [31]was the only study judged to have an overall high risk of bias, 

with high risks identified in three domains: randomization process, measurement of the outcome, 

and selection of the reported result. In contrast, the studies of Uchino et al. [32] and Kojima et al. [30] 

exhibited a consistently low risk of bias across most domains, demonstrating higher methodological 

rigor. Finally, the studies of Tiang et al. [27]and Kang et al. [33] had some concerns in specific domains 

but were otherwise assessed as having an overall low risk of bias. 

 

 

Figure 2. (A) Traffic light plot for the domain-specific and overall risk of bias for individual studies using the 

ROB2 tool. (B) Summary bar chart of the risk of bias (RoB) assessment across included studies. The chart 

illustrates the proportion of studies judged as having low risk (green), some concerns (yellow), or high risk (red) 

for each domain of the ROB2 tool. The overall risk of bias is also summarized. 

3.4. Primary Outcome 
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Six studies, including a total of 328 patients (170 in the NPWT group and 158 in the non-pressure 

dressing group), were included in the analysis of SSI rate. However, the study by Tiang et al. [27] 

reported 0 events in both arms, rendering its odds ratio non-estimable. For the rest of the studies, the 

pooled OR for SSI using a random-effects model was 0.95 (95% CI: 0.27–3.29, P= 0.94), with moderate 

heterogeneity (I2 = 38%) indicating no statistically significant difference between the NPWT and non-

pressure dressing groups. Subgroup analysis on the basis of the type of stoma did not alter the results. 

In detail, the ileostomy subgroup included four studies with a total of 160 patients (83 in the NPWT 

group, 77 in the non-pressure dressing group) and the ileostomy+colostomy subgroup comprised of 

two studies with a total of 128 patients (patients (67 in the NPWT group, 61 in the non-pressure 

dressing group). In both cases, the analyses revealed no significant difference in SSI rates between 

the two groups [(OR: 1.30; 95% CI: 0.14 to 12.15, P = 0.82) and (OR: 0.91; 95% CI:0.23 to 3.50, P = 0.89) 

respectively] (Figure 3). 

 

Figure 3. Forest plot showing the difference in SSI rates, both in the whole of the studies, as well as between 

subgroups. 

3.5. Secondary Outcomes 

Two studies [28,31], with a total number of 165 patients (84 in the NPWT group, 85 in the non-

pressure dressing group), reported the rate of wound healing complications other than SSIs. No 

significant difference in wound healing complications was reported between the two groups (OR = 

0.22; 95% CI: 0.05, 1.09; P = 0.06), without heterogeneity (I2 = 0%) (Figure 4A). 
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Figure 4. Forest plots showing: (A) the difference in rate of wound healing complications other than SSIs, (B) the 

difference in time to complete wound healing, (C) the difference in length of hospital stay, (D) the difference in 

postoperative patient-reported wound cosmesis outcomes. 

Four studies [28,30,31,33], with a total number of 188 patients (97 in the NPWT group, 91 in the 

non-pressure dressing group), reported data on time to complete wound healing. Compared with the 

non-pressure dressing group, the NPWT group presented a statistically significant reduction of time 

need to achieve complete wound healing (MD = -3.78; 95% CI: -6.29 to -1.27, P = 0.003), with moderate 

heterogeneity (I2 = 27%) (Figure 4B). 

Three studies [28,31,33] with 199 patients (102 in the NPWT group, 97 in the non-pressure 

dressing group), reported LOS outcomes. No significant difference was found between the two 

groups (MD: -0.02; 95% CI: -1.22 to 1.17, P = 0.97), with high heterogeneity (I2 = 65%) (Figure 4C). 

Three studies [27,31,33] with 168 patients (87 in the NPWT group, 81 in the non-pressure 

dressing group) reported postoperative patient-reported wound cosmesis outcomes using the visual 

analog scales (VAS) score or the Patient and Observer Scar Assessment Scale (POSAS) score. No 

significant difference was found between the two groups (SMD: 0.31; 95% CI: -0.49 to 1.11, P = 0.44), 

with high heterogeneity (I2 = 83%) (Figure 4D). 

3.6. Subgroup Analysis 

A subgroup analysis was conducted to explore the impact of stoma type on meta-analytic 

surgical outcomes. More particularly, on the basis of stoma type, four RCTs that included only 

patients undergoing ileostomy closure [27,28,30,32] were compared with two RCRs including a mix 

of ileostomy and colostomy reversals [31,33]. The rationale behind this comparison is arising from 

the inherent differences between ileostomy and colostomy, particularly in bacterial load and potential 

for wound contamination, which may influence outcomes such as SSI rates and wound healing time 
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[37]. Studies with mixed populations reported outcomes for both ileostomy and colostomy closures 

together, which may introduce variability compared to studies focusing exclusively on ileostomy. 

The findings suggested that the inclusion of colostomy cases did not significantly skew pooled results 

(ileostomy subgroup OR = 1.30; 95% CI: 0.14, 12.15; P = 0.82; I2 = 66%, ileostomy+colostomy subgroup 

OR = 0.91; 95% CI: 0.23, 3.50q; P = 0.89; I2 = 0%), but may warrant further investigation to identify 

potential nuances in mixed populations. 

3.7. Sensitivity Analysis 

A thorough outlier sensitivity analysis was performed to estimate the robustness of the meta-

analytic results and to identify potential sources of variability. This involved the sequential exclusion 

of each individual study at a time, to assess the potential disproportionate impact of any single study 

on the pooled estimates and heterogeneity metrics. Sensitivity analysis revealed that the exclusion of 

any single study did not alter the statistical significance of the primary and secondary outcomes. 

4. Discussion 

SSIs represent one of the most commonly encountered postoperative complications after 

abdominal surgery procedures, with an incidence ranging from 15% to 25%, depending on the level 

of gross contamination of the wound [38]. Particularly, SSIs constitute the most common complication 

following restoration of enteral continuity during stoma closure, with a reported incidence of 30% 

after ileostomy closure, while colostomy takedown is more frequently complicated with SSIs due to 

increased bacterial load [39]. Taken in to consideration that SSIs have been directly associated with 

increased LOS, readmission rates, healthcare costs, as well as increased mortality rates for specific 

patient groups, establishment and adoption of management practices that aim to reduce SSI is of 

utmost importance in daily surgical practice [40]. Numerous approaches have been emerged to 

address this need, including delayed primary wound closure, secondary wound closure, wound bed 

irrigation with iodine solution, drain placement, and closure of wound with purse–string sutures 

instead of linear closure [41–43]. 

With its current form going back in the 1990s, NPWT has provided an impactful effect on healing 

of acute and chronic wounds [41]. Through application of sub-atmospheric pressure, NPWT systems 

manage to reduce inflammatory exudate and enhance tissue granulation [44]. Numerous meta-

analyses have demonstrative the beneficial effect of NPWT in SSI rate after numerous different 

abdominal surgical procedures of various degree of contamination [45,46]. However, investigation 

of SSI rate following stoma closure should be performed with caution due to the inherent high 

possibility for contamination [47]. 

To our knowledge, this is the first complete meta-analysis of RCTs examining the effect of NPWT 

on SSI rate after stoma takedown. All previously conducted systematic reviews with similar object 

included both observational studies and randomized controlled trials, thus introducing a potential 

bias due to the inherent limitations of observational studies, such as confounding factors and lack of 

randomization. More specifically, two previous meta-analyses investigated the outcomes of NPWT 

application in SSI rate after stoma takedown [48,49]. In 2023, Zhu et al. [48] conducted a 

comprehensive meta-analysis to evaluate the potential benefit of NPWT application in reducing SSIs 

following stoma takedown surgeries. On the year following, Kisielewski and colleagues [49], in their 

systematic review and meta-analysis, assessed the effectiveness of Closed Incision Negative Pressure 

Therapy (ciNPT) compared to primary closure after stoma reversal with pursue-string closure. 

According to the findings of our meta-analysis, and despite the despite the detailed analysis and 

rigorous methodology followed, no statistically significant difference in SSI rates arises between 

NPWT and conventional non-pressure dressings (pooled odds ratio [OR] = 0.95; 95% CI: 0.27–3.29, P 

= 0.94). The above result comes in contrast with the trend observed in the literature towards lower 

SSI prevalence and improved wound healing [50,51]. Furthermore, this result comes in contrast with 

the results of the meta-analysis conducted by Zhu and colleagues [48], who reported a significant 

reduction in SSI rates in favor of NPWT (pooled OR = 0.50; 95% CI: 0.29–0.84, P = 0.01). However, the 
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latter study, including both RCTs and observational studies, is amendable to selection bias arising 

from the mixed study design and inclusion of inherent limitations of observational data. By focusing 

exclusively on RCTs, our review aims to eliminate these confounding factors, providing a more 

focused evaluation of NPWT’s efficacy. However, the heterogeneity among the included studies was 

substantial (I² = 31%), indicating notable variability in the study populations, intervention protocols, 

and outcome definitions. The high heterogeneity observed can be attributed to a series of different 

factors. First of all, a major source of heterogeneity is the inclusion of studies with mixed populations 

regarding stoma type (colostomy and ileostomy). Colostomy reversal has been identified as a risk 

factor for incisional SSI [14]. Despite the fact that both colostomy and ileostomy takedown are always 

considered contaminated due to opening of gastrointestinal tract, the increased diversity and number 

of bacteria living in the colon render wound beds after colostomy closure vulnerable to SSI [11,52]. 

Another source of variability is the different surgical technique selected for stoma closure. Numerous 

trials and meta-analyses have proved the superiority of pursue-string closure over linear skin closure 

technique during stoma reversal surgeries [53,54]. The latter finding suggests that inclusion of studies 

with both surgical closure techniques could introduce bias as it potentially reducing the measurable 

impact of NPWT in patients treated with purse-string closure. Last but not least, a series of other 

confounding factors, such as different NPWT devices and application protocols, prophylactic 

antibiotic administration as well as patient-related factors significantly affect the risk for SSI and may 

introduce further variability in the meta-analytic findings. 

Delayed wound healing is a significant clinical challenge affecting both patient and healthcare 

system outcomes, since it is closely associated with increased patient morbidity, higher economic 

burden for healthcare systems, as well as significant hazards for healthcare providers [55]. In terms 

of sufficient and prompt wound healing, our review found that NPWT significantly reduced wound 

healing time (MD= -3.78 days; 95% CI: -6.29 to -1.27, P = 0.003). This finding comes in accordance with 

the proved effects of NPWT in the wound healing process, including acceleration of granulation 

tissue formation, reduction of matrix metalloproteinases, stimulation of angiogenesis, reduction of 

tissue oedema and exudate, enhancement of blood flow and limitation of biofilm and local bacterial 

colonization [56]. The aforementioned conclusion differs significantly from the metanalytic data 

obtained by Kisielewski and colleagues [49], who found no significant difference in wound healing 

time between the iNPWT group and the control group (Z = 2.73; P = 0.006; χ² = 0.37, df = 1; P = 0.54; I² 

= 0%). This discrepancy may be attributed to difference in NPWT systems applied, since Kisielewski 

et al. [49] studied the effect of only iNPWT devices on healing dynamics, as well as to the different 

definitions of wound healing time [51]. Finally, Zhu et al. [48], while acknowledging NPWT’s 

potential benefit for achieving faster wound healing, did not perform a meta-analysis on this outcome 

due to inconsistencies in the reported data of included studies. 

Literature evidence also suggests that NPWT application leads to a reduction of hospitalization 

days, when compared with standard dressings, contributing to institutional and financial hospital 

sustainability [57]. Numerous reports highlight the contribution of NPWT on reduction of 

hospitalization days [58,59]. On this basis, we would expect the NPWT to have a significantly shorter 

LOS than the group treated with conventional, non-pressure dressings. However, in contrary to the 

literature trend, our meta-analysis revealed no significant difference in terms of length of hospital 

stay (LOS) between patients managed with NPWT and those managed with conventional dressings. 

This finding is consistent with other systematic reviews, including the study of Kisielewski et al. [49], 

who also concluded that the difference in LOS between treatment groups was not statistically 

significant (IV = 0.19; 95% CI: -0.66 to 1.04; P = 0.76; I² = 0%). Results from the meta-analysis of Zhu et 

al. [48] also align in the same orientation of no benefit of NPWT systems for length of hospital stay 

after stoma closure. More particularly, Zhu et al. [48] reported no significant difference in LOS across 

six trials (n = 688) included in their analysis (MD = −0.16; 95% CI: −0.83, 0.51; P = 0.64). However, the 

latter pooled results were characterized by substantial heterogeneity (I² = 56%). These conclusions 

suggest that while NPWT may improve localized wound healing, it has no achieved critical influence 

of broader recovery metrics, such as LOS or overall inpatient recovery time. Given the fact that LOS 
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is a multivariate outcome and is determined by numerous factors, such as patient comorbidities, 

perioperative care protocols, and institutional discharge policies [60,61]. Furthermore, in none of the 

included studies was LOS evaluated as a primary outcome, which may have reduced the sensitivity 

of the analyses to detect subtle differences between two groups. 

Despite the fact that patient satisfaction and favorable cosmetic appearance of the wound scar 

after stoma closure, represent a crucial issue, literature reports valuating these outcomes are scarce 

[47]. In terms of patient-reported postoperative wound cosmesis outcome, data provided from 

included studies are limited. No significant differences were observed between NPWT and non-

pressure dressings (StdMD: 0.31; 95% CI: -0.49 to 1.11, P = 0.44). The limited data provided from 

included studies have been also commented in the meta-analysis of Zhu et al. [48], who admit to have 

failed evaluating the esthetic results of intervention and control groups. In addition, drawing of safe 

and definitive conclusions, as represented by the high heterogeneity (I2 = 83%), is also complicated 

by the use of two different patient-based wound assessment tools, the Patient and Observer Scar 

Assessment Scale (POSAS) [62] or visual analog scales (VAS) [63], which complicates direct 

comparisons between studies which contributes to the inconsistency of results. Finally, a series of 

factors, including skin closure technique, surgeon’s expertise and skills, as well as patient-related 

healing characteristics, may significantly influence scar cosmesis and mask any potential benefit of 

NPWT. 

5. Strengths of the Study 

The present study has several strengths, including its comprehensive scope and its focus on 

RCTs to provide high-quality evidence regarding the role of NPWT systems on wound healing after 

stoma takedown. More specifically, to the best of our knowledge, the present meta-analysis is the 

only study to date focusing exclusively on RCTs to evaluate the efficacy of NPWT in stoma reversal 

procedures. By limiting the analysis to RCTs, it provides the highest level of evidence, eliminating 

biases commonly associated with observational studies. Additionally, all included RCTs were 

conducted within the last decade, ensuring that the findings are based on recent advancements in 

surgical techniques and NPWT technologies, making them highly relevant to contemporary clinical 

practice. The exclusivity of RCTs enhances the methodological rigor of this meta-analysis, 

distinguishing it from previous studies that combined observational and randomized data. 

Furthermore, adherence to the PRISMA guidelines ensures the application of a transparent and 

standardized approach, through rigorous methodology, including predefined inclusion and 

exclusion criteria and comprehensive subgroup analyses. The wide range of both clinical-reported 

outcomes, such as SSI rate, time to complete wound healing, LOS, overall complication rates, and 

patient-reported outcomes, such wound cosmesis, provides a holistic assessment of NPWT’s role in 

improving surgical outcomes. Second, the focus on a specific surgical procedure—stoma reversal—

ensures the findings are directly relevant to a high-risk patient population. The inclusion of subgroup 

analyses based on different types of stoma (ileostomy+ colostomy or Ileostomy) adds further depth 

to the findings, while the use of the Cochrane risk of bias tool assures limitation of bias. 

6. Limitations and Future Directions 

The evidence in this study is limited by several factors that must be acknowledged. The most 

substantial limitation to this paper is the heterogeneity found among the included studies in certain 

outcomes, such as SSI rates and LOS, indicating a significant variability in the sample populations, 

intervention and control protocols and surgical techniques and, thus, eliminating the statistical power 

of the analysis and limited the ability to detect a definitive effect of NPWT on SSI rates. As a 

consequence, the high level of heterogeneity observed limits the generalizability of the findings. 

Additionally, the robustness of our meta-analytic results should be interpreted with caution due to 

the relatively small number of included RCTs and their moderate-to-high risk of bias in certain 

domains. Furthermore, variability in outcome definitions and scoring methods, particularly for 
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patient-reported wound assessment, render direct comparisons across studies more complicate. 

Additionally, inclusion of only RCTs with exclusion of observational studies, while ensuring 

methodological rigor, may limit the scope of the analysis. Important results with greater 

generalizability may be drawn by future trials that will address these limitations by standardizing 

study protocols and focusing on specific subgroups. The above observation is clearly stated also by 

Zhu et al., who emphasized the need for more high-quality RCTs to confirm the findings of their 

meta-analysis and to eliminate the limitations associated with mixed study designs. 

7. Conclusions 

This meta-analysis focuses exclusively on the effect of NPWT on SSI rates after stoma reversal 

using results from randomized controlled trials. While NPWT did not significantly reduce SSI rates 

or LOS compared to conventional dressings, it demonstrated a beneficial impact on time needed for 

complete wound healing, reflecting its potential to improve circumstances for local recovery. The 

variability in findings highlights the influence of factors such as wound closure techniques and 

patient characteristics on NPWT outcomes. Future research should be orientated towards large-scale, 

multicenter RCTs with standardized protocols to identify patient populations undergoing stoma 

closure most likely to benefit from NPWT and to clarify its role in optimizing postoperative wound 

management strategies. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1: title; Table S1: title; 

Author Contributions: Conceptualization, E.A. and ST.S..; methodology, E.A. software, M.G.P. and G.G.; 

validation, C.C., S.S. and S.B.; formal analysis, ST.S.; investigation, E.K.; resources, A.C. and M.K.; data curation, 

writing—original draft preparation, E.A. and S.S.; writing—review and editing, E.A..; visualization, I.M. and 

F.T.; supervision, O.I., K.B. and T.K..; project administration, S.A.; funding acquisition, S.S.. All authors have 

read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data are available to any qualified researchers upon request to 

elissavetxatz@gmail.com 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 

CDC: Centers for Disease Control 

CENTRAL: Cochrane Central Register of Controlled Trials 

CI: Confidence Interval 

ECDC: European Centre for Disease Prevention and Control 

LOS: Length of Hospital Stay 

MD: Mean Difference 

NPWT: Negative Pressure Wound Therapy 

NPD: Non-Pressure Dressing 

OR: Odds Ratio 

PICO: Patient, Intervention, Comparison, and Outcome 

POSAS: Patient and Observer Scar Assessment Scale 

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

RCT: Randomized Controlled Trial 

SD: Standard Deviation 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1


 20 of 23 

 

SMD: Standardized Mean Difference 

SR-SSI: Stoma Reversal Surgical Site Infection 

SSI: Surgical Site Infection 

VAS: Visual Analog Scale 

References 

1.  Winter, K.; Dziki, A. Volume of Surgical Interventions for Benign Colorectal Tumors – an Analysis of 3510 

Surgical and Endoscopic Resections in the Single Colorectal Center in Poland. 2021, 93, 11–19, 

doi:10.5604/01.3001.0015.2617. 

2.  Daghmouri, M.A.; Chaouch, M.A.; Oueslati, M.; Rebai, L.; Oweira, H. Regional Techniques for Pain 

Management Following Laparoscopic Elective Colonic Resection: A Systematic Review. Ann. Med. Surg. 

2021, 72, 103124, doi:https://doi.org/10.1016/j.amsu.2021.103124. 

3.  Krishnamurty, D.M.; Blatnik, J.; Mutch, M. Stoma Complications. Clin. Colon Rectal Surg. 2017, 30, 193–200, 

doi:10.1055/s-0037-1598160. 

4.  Malik, T.; Lee, M.J.; Harikrishnan, A.B. The Incidence of Stoma Related Morbidity - a Systematic Review of 

Randomised Controlled Trials. Ann. R. Coll. Surg. Engl. 2018, 100, 501–508, doi:10.1308/rcsann.2018.0126. 

5.  Pandiaraja, J.; Chakkarapani, R.; Arumugam, S. A Study on Patterns, Indications, and Complications of an 

Enteric Stoma. J. Fam. Med. Prim. care 2021, 10, 3277–3282, doi:10.4103/jfmpc.jfmpc_123_21. 

6.  Zafar, S.N.; Changoor, N.R.; Williams, K.; Acosta, R.D.; Greene, W.R.; Fullum, T.M.; Haider, A.H.; 

Cornwell, E.E.; Tran, D.D. Race and Socioeconomic Disparities in National Stoma Reversal Rates. Am. J. 

Surg. 2016, 211, 710–715, doi:https://doi.org/10.1016/j.amjsurg.2015.11.020. 

7.  Owens, C.D.; Stoessel, K. Surgical Site Infections: Epidemiology, Microbiology and Prevention. J. Hosp. 

Infect. 2008, 70, 3–10, doi:10.1016/S0195-6701(08)60017-1. 

8.  Papadopoulos, A.; Machairas, N.; Tsourouflis, G.; Chouliaras, C.; Manioti, E.; Broutas, D.; Kykalos, S.; 

Daikos, G.L.; Samarkos, M.; Vagianos, C. Risk Factors for Surgical Site Infections in Patients Undergoing 

Emergency Surgery: A Single-Centre Experience. In Vivo 2021, 35, 3569–3574, doi:10.21873/invivo.12660. 

9.  Gillespie, B.M.; Harbeck, E.; Rattray, M.; Liang, R.; Walker, R.; Latimer, S.; Thalib, L.; Andersson, A.E.; 

Griffin, B.; Ware, R.; et al. Worldwide Incidence of Surgical Site Infections in General Surgical Patients: A 

Systematic Review and Meta-Analysis of 488,594 Patients. Int. J. Surg. 2021, 95, 106136, 

doi:10.1016/j.ijsu.2021.106136. 

10.  Dixon, L.K.; Biggs, S.; Messenger, D.; Shabbir, J. Surgical Site Infection Prevention Bundle in Elective 

Colorectal Surgery. J. Hosp. Infect. 2022, 122, 162–167, doi:10.1016/j.jhin.2022.01.023. 

11.  Jandhyala, S.M.; Talukdar, R.; Subramanyam, C.; Vuyyuru, H.; Sasikala, M.; Nageshwar Reddy, D. Role of 

the Normal Gut Microbiota. World J. Gastroenterol. 2015, 21, 8787–8803, doi:10.3748/wjg.v21.i29.8787. 

12.  Li, L.T.; Brahmbhatt, R.; Hicks, S.C.; Davila, J.A.; Berger, D.H.; Liang, M.K. Prevalence of Surgical Site 

Infection at the Stoma Site Following Four Skin Closure Techniques: A Retrospective Cohort Study. Dig. 

Surg. 2014, 31, 73–78, doi:10.1159/000354426. 

13.  Mirande, M.D.; McKenna, N.P.; Bews, K.A.; Shawki, S.F.; Cima, R.R.; Brady, J.T.; Colibaseanu, D.T.; Mathis, 

K.L.; Kelley, S.R. Risk Factors for Surgical Site Infections and Trends in Skin Closure Technique after 

Diverting Loop Ileostomy Reversal: A Multi-Institutional Analysis. Am. J. Surg. 2023, 226, 703–708, 

doi:https://doi.org/10.1016/j.amjsurg.2023.07.042. 

14.  Liang, M.K.; Li, L.T.; Avellaneda, A.; Moffett, J.M.; Hicks, S.C.; Awad, S.S. Outcomes and Predictors of 

Incisional Surgical Site Infection in Stoma Reversal. JAMA Surg. 2013, 148, 183–189, 

doi:10.1001/jamasurgery.2013.411. 

15.  Khan, M.A.; Niaz, K.; Asghar, S.; Yusufi, M.A.; Nazir, M.; Muhammad Ali, S.; Ahmed, A.; Salahudeen, 

A.A.; Kareem, T. Surgical Site Infection After Stoma Reversal: A Comparison Between Linear and Purse-

String Closure. Cureus 2023, 15, e50057, doi:10.7759/cureus.50057. 

16.  Normandin, S.; Safran, T.; Winocour, S.; Chu, C.K.; Vorstenbosch, J.; Murphy, A.M.; Davison, P.G. Negative 

Pressure Wound Therapy: Mechanism of Action and Clinical Applications. Semin. Plast. Surg. 2021, 35, 164–

170, doi:10.1055/s-0041-1731792. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1


 21 of 23 

 

17.  Cooper, H.J.; Singh, D.P.; Gabriel, A.; Mantyh, C.; Silverman, R.; Griffin, L. Closed Incision Negative 

Pressure Therapy versus Standard of Care in Reduction of Surgical Site Complications: A Systematic 

Review and Meta-Analysis. Plast. Reconstr. surgery. Glob. open 2023, 11, e4722, 

doi:10.1097/GOX.0000000000004722. 

18.  Kim, P.J.; Attinger, C.E.; Constantine, T.; Crist, B.D.; Faust, E.; Hirche, C.R.; Lavery, L.A.; Messina, V.J.; 

Ohura, N.; Punch, L.J.; et al. Negative Pressure Wound Therapy with Instillation: International Consensus 

Guidelines Update. Int. Wound J. 2020, 17, 174–186, doi:10.1111/iwj.13254. 

19.  O’Leary, D.P.; Peirce, C.; Anglim, B.; Burton, M.; Concannon, E.; Carter, M.; Hickey, K.; Coffey, J.C. 

Prophylactic Negative Pressure Dressing Use in Closed Laparotomy Wounds Following Abdominal 

Operations: A Randomized, Controlled, Open-Label Trial: The P.I.C.O. Trial. Ann. Surg. 2017, 265, 1082–

1086, doi:10.1097/SLA.0000000000002098. 

20.  Groenen, H.; Jalalzadeh, H.; Buis, D.R.; Dreissen, Y.E.M.; Goosen, J.H.M.; Griekspoor, M.; Harmsen, W.J.; 

IJpma, F.F.A.; van der Laan, M.J.; Schaad, R.R.; et al. Incisional Negative Pressure Wound Therapy for the 

Prevention of Surgical Site Infection: An up-to-Date Meta-Analysis and Trial Sequential Analysis. 

eClinicalMedicine 2023, 62, doi:10.1016/j.eclinm.2023.102105. 

21.  Singh, P.K.; Sethi, M.K.; Mishra, T.S.; Kumar, P.; Ali, S.M.; Sasmal, P.K.; Mishra, S.S. Comparison of Surgical 

Site Infection (SSI) between Negative Pressure Wound Therapy (NPWT) Assisted Delayed Primary Closure 

and Conventional Delayed Primary Closure in Grossly Contaminated Emergency Abdominal Surgeries: A 

Randomized Controlled Trial. Langenbeck’s Arch. Surg. 2023, 409, 19, doi:10.1007/s00423-023-03202-x. 

22.  Borejsza-Wysocki, M.; Bobkiewicz, A.; Ledwosiński, W.; Szmyt, K.; Banasiewicz, T.; Krokowicz, Ł. Stoma 

Close to the Abdominal Wound - A Real Technical Problem: A Description of a Novel Care Strategy. Pol. 

Prz. Chir. Polish J. Surg. 2023, 95, 31–38, doi:10.5604/01.3001.0016.2731. 

23.  Curchod, P.; Clerc, D.; Jurt, J.; Hubner, M.; Hahnloser, D.; Demartines, N.; Grass, F. Closed-Wound 

Negative Pressure Therapy Dressing after Loop Ostomy Closure: A Retrospective Comparative Study. Sci. 

Rep. 2022, 12, 7790, doi:10.1038/s41598-022-11856-8. 

24.  Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, 

J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting 

Systematic Reviews. BMJ 2021, 372, doi:10.1136/bmj.n71. 

25.  Choong, M.K.; Galgani, F.; Dunn, A.G.; Tsafnat, G. Automatic Evidence Retrieval for Systematic Reviews. 

J. Med. Internet Res. 2014, 16, e223, doi:10.2196/jmir.3369. 

26.  Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the Sample Mean and Standard Deviation from the Sample 

Size, Median, Range and/or Interquartile Range. BMC Med. Res. Methodol. 2014, 14, 135, doi:10.1186/1471-

2288-14-135. 

27.  Tiang, T.; Behrenbruch, C.; Noori, J.; Lam, D.; Bhamidipaty, M.; Johnston, M.; Woods, R.; D’Souza, B. 

Prophylactic Negative Pressure Wound Therapy to Improve Wound Healing Rates Following Ileostomy 

Closure: A Randomized Controlled Trial. ANZ J. Surg. 2024, doi:10.1111/ans.18941. 

28.  Wierdak, M.; Pisarska-Adamczyk, M.; Wysocki, M.; Major, P.; Kołodziejska, K.; Nowakowski, M.; 

Vongsurbchart, T.; Pędziwiatr, M. Prophylactic Negative-Pressure Wound Therapy after Ileostomy 

Reversal for the Prevention of Wound Healing Complications in Colorectal Cancer Patients: A Randomized 

Controlled Trial. Tech. Coloproctol. 2021, 25, 185–193, doi:10.1007/s10151-020-02372-w. 

29.  Higgins, J.P.T.; Savović, J.; Page, M.J.; Elbers, R.G.; Sterne, J.A.C. Assessing Risk of Bias in a Randomized 

Trial. In Cochrane Handbook for Systematic Reviews of Interventions; 2019; pp. 205–228 ISBN 9781119536604. 

30.  Kojima, K.; Goto, M.; Nagashima, Y.; Saito, Y.; Kawai, M.; Takebe, S.; Egawa, A.; Tanba, M.; Ishikawa, K.; 

Matsuoka, H.; et al. Effectiveness of Negative Pressure Wound Therapy for the Wound of Ileostomy 

Closure : A Multicenter , Phase II Randomized Controlled Trial. BMC Surg. 2021, 1–10, doi:10.1186/s12893-

021-01446-2. 

31.  Carrano, F.M.; Maroli, A.; Carvello, M.; Foppa, C.; Sacchi, M.; Crippa, J.; Clerico, G.; De Lucia, F.; Coppola, 

E.; Ben David, N.; et al. Negative-Pressure Wound Therapy after Stoma Reversal in Colorectal Surgery: A 

Randomized Controlled Trial. BJS Open 2021, 5, doi:10.1093/bjsopen/zrab116. 

32.  Uchino, M.; Hirose, K.; Bando, T.; Chohno, T.; Takesue, Y.; Ikeuchi, H. Randomized Controlled Trial of 

Prophylactic Negative-Pressure Wound Therapy at Ostomy Closure for the Prevention of Delayed Wound 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1


 22 of 23 

 

Healing and Surgical Site Infection in Patients with Ulcerative Colitis. Dig. Surg. 2016, 33, 449–454, 

doi:10.1159/000446550. 

33.  Kang, S. Il; Kim, S. The Effectiveness of Negative-Pressure Wound Therapy for Wound Healing after Stoma 

Reversal: A Randomized Control Study. Ann. Surg. Treat. Res. 2023, 105, 126–132, 

doi:10.4174/astr.2023.105.3.126. 

34.  Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses: The PRISMA Statement. PLoS Med. 2009, 6, e1000097, doi:10.1371/journal.pmed.1000097. 

35.  Mangram, A.J.; Horan, T.C.; Pearson, M.L.; Silver, L.C.; Jarvis, W.R. Guideline for Prevention of Surgical 

Site Infection, 1999. Hospital Infection Control Practices Advisory Committee. Infect. Control Hosp. 

Epidemiol. 1999, 20, 250–280, doi:10.1086/501620. 

36.  Horan, T.C.; Gaynes, R.P.; Martone, W.J.; Jarvis, W.R.; Emori, T.G. CDC Definitions of Nosocomial Surgical 

Site Infections, 1992: A Modification of CDC Definitions of Surgical Wound Infections. Infect. Control Hosp. 

Epidemiol. 1992, 13, 606–608. 

37.  Yang, S.; Tang, G.; Zhang, Y.; Wei, Z.; Du, D. Meta-Analysis: Loop Ileostomy versus Colostomy to Prevent 

Complications of Anterior Resection for Rectal Cancer. Int. J. Colorectal Dis. 2024, 39, 68, doi:10.1007/s00384-

024-04639-2. 

38.  Alkaaki, A.; Al-Radi, O.O.; Khoja, A.; Alnawawi, A.; Alnawawi, A.; Maghrabi, A.; Altaf, A.; Aljiffry, M. 

Surgical Site Infection Following Abdominal Surgery: A Prospective Cohort Study. Can. J. Surg. 2019, 62, 

111–117, doi:10.1503/cjs.004818. 

39.  Lopez, M.P.J.; Melendres, M.F.A.; Maglangit, S.A.C.A.; Roxas, M.F.T.; Monroy, H.J.; Crisostomo, A.C. A 

Randomized Controlled Clinical Trial Comparing the Outcomes of Circumferential Subcuticular Wound 

Approximation ( CSWA ) with Conventional Wound Closure after Stoma Reversal. Tech. Coloproctol. 2015, 

19, 461–468, doi:10.1007/s10151-015-1322-5. 

40.  Shambhu, S.; Gordon, A.S.; Liu, Y.; Pany, M.; Padula, W. V; Pronovost, P.J.; Hsu, E. The Burden of Health 

Care Utilization, Cost, and Mortality Associated with Select Surgical Site Infections. Jt. Comm. J. Qual. 

Patient Saf. 2024, 50, 857–866, doi:https://doi.org/10.1016/j.jcjq.2024.08.005. 

41.  Miller, C. The History of Negative Pressure Wound Therapy (NPWT): From “Lip Service” to the Modern 

Vacuum System. J. Am. Coll. Clin. Wound Spec. 2012, 4, 61–62, doi:10.1016/j.jccw.2013.11.002. 

42.  Jeong, Y.S.; Cho, S.H.; Park, B.-S.; Son, G.M.; Kim, H.S. Role of Subcutaneous Closed Suction Drain in the 

Prevention of Incisional Surgical Site Infection after Loop Ileostomy Reversal with Purse-String Skin 

Closure: A Retrospective Observational Study. BMC Surg. 2024, 24, 252, doi:10.1186/s12893-024-02549-2. 

43.  Hsieh, M.-C.; Kuo, L.-T.; Chi, C.-C.; Huang, W.-S.; Chin, C.-C. Pursestring Closure versus Conventional 

Primary Closure Following Stoma Reversal to Reduce Surgical Site Infection Rate: A Meta-Analysis of 

Randomized Controlled Trials. Dis. Colon Rectum 2015, 58, 808–815, doi:10.1097/DCR.0000000000000401. 

44.  Zaver, V.; Kankanalu, P. Negative Pressure Wound Therapy. In; Treasure Island (FL), 2024. 

45.  Zhu, Y.; Dai, L.; Luo, B.; Zhang, L. Meta-Analysis of Prophylactic Negative Pressure Wound Therapy for 

Surgical Site Infections (SSI) in Caesarean Section Surgery. Wideochirurgia i inne Tech. maloinwazyjne = 

Videosurgery other miniinvasive Tech. 2023, 18, 224–234, doi:10.5114/wiitm.2023.125913. 

46.  Meyer, J.; Roos, E.; Justin, R.; Nicolas, D.; Buchs, C.; Meyer, J. Does Prophylactic Negative-Pressure Wound 

Therapy Prevent Surgical Site Infection After Laparotomy ? A Systematic Review and Meta-Analysis of 

Randomized Controlled Trials. 2023, 1464–1474, doi:10.1007/s00268-023-06908-7. 

47.  Yoon, S. Il; Bae, S.M.; Namgung, H.; Park, D.G. Clinical Trial on the Incidence of Wound Infection and 

Patient Satisfaction after Stoma Closure: Comparison of Two Skin Closure Techniques. Ann. Coloproctol. 

2015, 31, 29–33, doi:10.3393/ac.2015.31.1.29. 

48.  Zhu, J.; Sun, Q.; Xu, W.; Geng, J.; Feng, Q.; Zhao, Z.; Li, S. Effect of Negative Pressure Wound Therapy on 

Surgical Site Infections Following Stoma Reversal in Colorectal Surgery: A Meta-Analysis. J. Investig. Surg. 

2023, doi:10.1080/08941939.2023.2175079. 

49.  Kisielewski, M.; Richter, K.; Pisarska-Adamczyk, M.; Wysocki, M.; Kłos, N.; Stefura, T.; Wojewoda, T.; 

Wysocki, W.M. Incisional Negative Pressure Wound Therapy Versus Primary Wound Suturing after 

Intestinal Ostomy Closure: A Systematic Review and Meta-Analysis. Adv. Wound Care 2024, 

doi:10.1089/wound.2024.0100. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1


 23 of 23 

 

50.  Norman, G.; Shi, C.; Goh, E.L.; Murphy, E.M.; Reid, A.; Chiverton, L.; Stankiewicz, M.; Dumville, J.C. 

Negative Pressure Wound Therapy for Surgical Wounds Healing by Primary Closure. Cochrane database 

Syst. Rev. 2022, 4, CD009261, doi:10.1002/14651858.CD009261.pub7. 

51.  Strugala, V.; Martin, R. Meta-Analysis of Comparative Trials Evaluating a Prophylactic Single-Use 

Negative Pressure Wound Therapy System for the Prevention of Surgical Site Complications. Surg. Infect. 

(Larchmt). 2017, 18, 810–819, doi:10.1089/sur.2017.156. 

52.  Banaszkiewicz, Z.; Cierzniakowska, K.; Tojek, K. Surgical Site Infection among Patients after Colorectal 

Cancer Surgery., doi:10.5604/01.3001.0009.5858. 

53.  Hajibandeh, S.; Hajibandeh, S.; Maw, A. Purse-String Skin Closure versus Linear Skin Closure in People 

Undergoing Stoma Reversal. Cochrane database Syst. Rev. 2024, 3, CD014763, 

doi:10.1002/14651858.CD014763.pub2. 

54.  Carannante, F.; Costa, G.; Miacci, V.; Bianco, G.; Masciana, G.; Lauricella, S.; Caricato, M.; Capolupo, G.T. 

Comparison of Purse-String Technique vs Linear Suture for Skin Closure after Ileostomy Reversal. A 

Randomized Controlled Trial. Langenbeck’s Arch. Surg. 2024, 409, 141, doi:10.1007/s00423-024-03332-w. 

55.  Jung, K.; Covington, S.; Sen, C.K.; Januszyk, M.; Kirsner, R.S.; Gurtner, G.C.; Shah, N.H. Rapid 

Identification of Slow Healing Wounds. Wound repair Regen. Off. Publ. Wound Heal. Soc. [and] Eur. Tissue 

Repair Soc. 2016, 24, 181–188, doi:10.1111/wrr.12384. 

56.  Langer, V.; Bhandari, P.S.; Rajagopalan, S.; Mukherjee, M.K. Negative Pressure Wound Therapy as an 

Adjunct in Healing of Chronic Wounds. Int. Wound J. 2015, 12, 436–442, doi:10.1111/iwj.12132. 

57.  Nicolazzo, D.; Rusin, E.; Varese, A.; Galassi, M. Negative Pressure Wound Therapy and Traditional 

Dressing: An Italian Health Technology Assessment Evaluation. Int. J. Environ. Res. Public Health 2023, 20, 

doi:10.3390/ijerph20032400. 

58.  Antonio, S. Effect of Negative Pressure Wound Therapy on Wound Healing. 2014, 51, 301–331, 

doi:10.1067/j.cpsurg.2014.04.001. 

59.  Gupta, S.; Gabriel, A.; Lantis, J.; Téot, L. Clinical Recommendations and Practical Guide for Negative 

Pressure Wound Therapy with Instillation. Int. Wound J. 2016, 13, 159–174, doi:10.1111/iwj.12452. 

60.  Doctoroff, L.; Herzig, S.J.; Israel, B.; Medical, D. HHS Public Access. 2021, 58, 778–784, 

doi:10.1097/MLR.0000000000001345.Predicting. 

61.  Eskandari, M.; Hossein, A.; Bahmani, A.; Ali, H.; Fard, M.; Karimzadeh, I. Evaluation of Factors That 

Influenced the Length of Hospital Stay Using Data Mining Techniques. BMC Med. Inform. Decis. Mak. 2022, 

1–11, doi:10.1186/s12911-022-02027-w. 

62.  Carrière, M.E.; Mokkink, L.B.; Tyack, Z.; Westerman, M.J.; Pijpe, A.; Pleat, J.; van de Kar, A.L.; Brown, J.; 

de Vet, H.C.W.; van Zuijlen, P.P.M. Development of the Patient Scale of the Patient and Observer Scar 

Assessment Scale (POSAS) 3.0: A Qualitative Study. Qual. life Res. an Int. J. Qual. life Asp. Treat. care Rehabil. 

2023, 32, 583–592, doi:10.1007/s11136-022-03244-6. 

63.  Duncan, J.A.L.; Bond, J.S.; Mason, T.; Ludlow, A.; Cridland, P.; O’Kane, S.; Ferguson, M.W.J. Visual 

Analogue Scale Scoring and Ranking: A Suitable and Sensitive Method for Assessing Scar Quality? Plast. 

Reconstr. Surg. 2006, 118, 909–918, doi:10.1097/01.prs.0000232378.88776.b0. 

 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 January 2025 doi:10.20944/preprints202501.1941.v1

https://doi.org/10.20944/preprints202501.1941.v1

