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ABSTRACT
Surgical site infections (SSI) and surgical site complications (SSC) significantly impact surgery outcomes, increasing hospital 
stays and mortality rates, and negatively affecting patients' quality of life. Closed-incision negative pressure therapy (ciNPT) 
emerged as a prophylactic strategy to reduce these complications. However, its applicability across different surgical procedures 
remains unclear. A scoping review was conducted to synthesise the available evidence on the use of ciNPT in different surgical 
contexts. A multidisciplinary panel of experts from different surgical specialties was assembled to identify patient risk factors 
for SSCs specific to each modality. Surgical procedures were categorised based on anticipated SSC rates and the impact of SSI. 
A decision diagram was finally developed, providing tailored recommendations for ciNPT use according to individual surgical 
circumstances. The findings of the review indicate that ciNPT effectively reduces SSI and SSC in most surgical procedures. Key 
patient-related factors influencing outcomes, such as age, obesity, and malnutrition, were outlined. Additionally, a specialty-
based list of surgical procedures was compiled, specifying whether ciNPT is recommended, not recommended, or conditionally 
recommended based on specific criteria. This study underscores the benefits of ciNPT and provides a comprehensive guide to its 
application across several surgical specialties, aiming to optimise patient management and inform clinical practise.
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1   |   Introduction

Surgical site infections (SSIs) are one of the most commonly 
reported hospital-acquired infections, constituting up to 19.6% 
of all of them in Europe during 2011–2012 [1–3]. The SSI rate 
varies according to the surgery type, ranging from 0.6% in knee 
replacement surgery to 9.5% in open colon surgery [2].

SSIs are associated with longer postoperative hospital stays, 
additional surgical procedures, and treatment in intensive care 
units, resulting in a great economic burden, as well as with a 
negative impact on patients' quality of life and increased mor-
tality [4]. In addition to SSIs, other surgical site complications 
(SSCs) such as seroma, haematoma, incision dehiscence, and 
skin necrosis frequently occur in surgical wounds and are asso-
ciated with increased healthcare utilisation and costs and with 
significant morbidity and mortality [5, 6].

Prevention of both SSIs and other SSCs can be achieved through 
several pre-, intra-, and postoperative strategies [7, 8]. These 
include basic care strategies and the use of different dressings, 
among others. One of the existing options relies on the pro-
phylactic use of negative pressure wound therapy on closed in-
cisional wounds (ciNPT), which refers to any type of negative 
pressure wound therapy using foam-based dressings over closed 
incisions [9]. A previous meta-analysis has shown that ciNPT is 
effective in reducing SSCs, including SSIs in different types of 
surgery [10]. However, the indications for care practise at that 
moment were unclear [10, 11].

In this context, the Spanish Observatory of Infection in 
Surgery (OIC) published in 2023 a consensus document with 
recommendations for the prevention of SSIs in different sur-
gical specialties, with the development of several prevention 
bundles (PRIQ-O) [12]. Among the preventive measures in-
cluded in the PRIQ-O packages was ciNPT, for which general 
recommendations were issued in a period prior to the emer-
gence of new scientific evidence recently published in a meta-
analysis and trial sequential analysis [13]. It was therefore 
considered appropriate to review and expand the recommen-
dations in this regard.

Considering the above, the goal of this study was to identify 
risk factors associated with the patient, the surgical site, and 
the surgical procedure to serve as the bases to elaborate recom-
mendations on the use of ciNPT for general and specific surgical 
specialties.

2   |   Methods

This article is the outcome of a literature review and a series 
of focus meetings on ciNPT use organised by the OIC with a 
multidisciplinary panel of experts. In an initial session, the 
panel shared information about the ciNPT application across 
various surgical settings and outlined the manuscript's struc-
ture. In a concluding hybrid meeting (both online and in per-
son), the experts finalised recommendations, determined the 
manuscript structure, and identified the key concepts to be 
addressed.

2.1   |   Literature Review

2.1.1   |   Literature Search

A literature search was conducted in January 2024 to iden-
tify the most relevant studies in the field published in the last 
10 years (January 2013 to December 2023). A clinical librarian 
was consulted to assist in the online search, which was con-
ducted in Pubmed, MEDLINE, Cochrane, and Scopus databases 
using the following terms: (Negative-Pressure Wound Therapy 
OR NPWT OR ciNPT OR negative pressure OR vacuum assisted 
closure OR VAC OR TNP OR surgical incision management OR 
closed incision management OR incisional management system) 
AND (surgical site complication OR surgical site occurrence OR 
surgical site event OR surgical site infection OR surgical wound 
infection OR surgical wound dehiscence OR seroma OR he-
matoma OR necrosis OR surgical wound OR surgical incision) 
AND (meta-analysis OR systematic review).

This study follows the guidance framework for conducting 
scoping reviews developed by the Joanna Brigs Institute [14] 
and is reported in line with the Preferred Reporting Items for 
Systematic Review and Meta-Analysis extension for scoping 
reviews (PRISMA-ScR) [15]. A predefined search strategy was 
used across Pubmed, Scopus, and Cochrane databases, with ad-
ditional relevant articles identified through a manual review of 
reference lists from included studies. All retrieved records un-
derwent double screening for eligibility.

2.1.2   |   Eligibility Criteria and Data Extraction

Studies focusing on negative pressure therapy for open wounds 
were excluded from this review. Meta-analyses and systematic 
reviews of both randomised control trials (RCTs) and observa-
tional studies (cohort and case–control studies) assessing the 
effects of ciNPT in surgical patients of different specialties were 
included. To avoid influencing the results of this study, publica-
tions of national or international consensus statements on the 
use of the therapy were excluded. Articles written in English or 
Spanish containing multiple meta-analyses were included, and 
each respective meta-analysis was independently assessed for 
inclusion. Two investigators individually conducted the search 
and data extraction. Discrepancies were resolved by consensus. 
For dissemination among the panellists, the most relevant meta-
analyses in each speciality were chosen based on the number of 
studies and patients included and the quality of the methodology 
applied.

2.1.3   |   Definitions

SSCs refer to a range of adverse events occurring at or near the site 
of a surgical incision and include the terms defined in Table S1. 
The Centers for Disease Control (CDC) definitions for SSI were 
used [16]. SSIs are defined as infections occurring within 30 days 
after the operative procedure involving skin or subcutaneous tis-
sue (superficial SSIs), deep soft tissues (deep incisional SSIs), or 
any part of the anatomy other than the incision open or manipu-
lated during the procedure (organ/space SSIs) [16].
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2.2   |   Focus Meeting

2.2.1   |   Multidisciplinary Consensus Meeting

Using a modified consensus process described below, the pan-
ellists agreed on which patient risk factors and closed surgical 
incisions presented the highest risk of SSIs and created an algo-
rithm for the use of ciNPT.

The meeting was held over a day and a half in January 2024 
and was divided into the following sections: (1) presentation of 
the consensus methodology; (2) presentations by each panellist 
reporting on their experience with ciNPT and a review of the 
available ciNPT-focused literature from each specialty; (3) dis-
cussion of the results of the literature search and elaboration of 
a list of risk factors associated with the development of SSI. Risk 
factors for SSCs related to the type of surgery, to the surgical 
incision, and those related to the patient were identified and cat-
egorised; (4) open discussion on the appropriate use of ciNPT 
and how the indications for ciNPT could be reflected in a com-
prehensible way for clinicians.

The working sessions were digitally audio- and video-recorded 
to ensure that all points of view were captured and could be ad-
equately reviewed.

The consensus recommendations were reached unanimously 
and were based on the evidence found in the literature and the 
experience of the panellists. To standardise the criteria, the au-
thors categorised surgical procedures based on the anticipated 
surgical site complication rates and the impact of surgical site 
infections, utilising criteria established in the literature. The 
expected surgical site complication rates for each intervention 
were derived from data reported in the Medicare database out-
lined in [6]. This registry was chosen due to its extensive patient 
population. Alternatives, such as the Spanish EPINE Study, 
were considered; however, it was deemed unsuitable for this 
study because it reports only prevalence rates and focuses exclu-
sively on surgical site infection rather than addressing the entire 
spectrum of wound complications [17].

The leading author drafted the manuscript that was critically 
reviewed by all panellists, who agreed on the final version of the 
manuscript.

2.3   |   Selection of Panellists

The panel was composed of 10 surgeons from different surgi-
cal specialties and from different regions of Spain, recruited by 
the OIC considering their experience in surgical infection and 
whether they had previously published studies on ciNPT after a 
literature search limited to Spanish authors. The panellists be-
longed to five Spanish Scientific Societies (Spanish Association 
of Surgeons, Spanish Society of Angiology and Vascular Surgery, 
Spanish Society of Cardiovascular and Endovascular Surgery, 
Spanish Society of Aesthetic, Reconstructive and Plastic 
Surgery, and the Spanish Society of Orthopaedic Surgery and 
Traumatology) and also included the subspecialties of abdomi-
nal wall surgery, endocrine and head and neck surgery, bariatric 
surgery, hepatobiliopancreatic surgery, and colorectal surgery.

2.4   |   Ethics Statement

As the data used in the review are publicly available, and no pa-
tients participated in the study, patient consent was not required 
for publication.

3   |   Results

3.1   |   Literature Search

A total of 288 publications were detected and analysed by title 
and abstract. After removing duplicates and ineligible articles, 
the full texts of 87 studies were reviewed and included in the 
study. Most of the published meta-analyses evaluated studies of 
orthopaedic surgery (21.8%), followed by meta-analyses includ-
ing articles from various specialties (19.5%), abdominal surgery 
(11.5%), and caesarean sections (10.3%) (Table 1).

3.2   |   Main Results of Systematic Reviews 
and Meta-Analyses

The meta-analyses reviewed showed great heterogeneity, with 
some having SSIs alone as the primary outcome and others a 
composite of SSCs. In some cases, other secondary outcomes 
such as wound dehiscence, re-operation, seroma, haematoma, 
skin necrosis, length of hospital stay, readmission, and mortality 
were analysed separately.

On the other hand, most systematic reviews were based on ran-
domised or observational clinical studies involving patients at 
“high risk of SSCs or SSIs”, although there was no unanimity on 
the definition of this high risk.

Overall, the systematic reviews and meta-analyses assessed 
in this review, especially the more recent meta-analyses, indi-
cate that the use of incisional negative pressure wound therapy 
(ciNPT) reduces the incidence of surgical site infections (SSIs); 
although the evidence supporting a reduction in surgical site 
complications (SSCs) is less robust (Table 1).

Of the total of 19 reviews in orthopaedic surgery [18–35], 18 
found a decrease in SSIs with the use of ciNPT, while 8 also 
found a decrease in SSCs. In this surgery type, 9 studies ana-
lysed hip or knee arthroplasty and 4 analysed spinal surgery.

From the 17 meta-analyses analysing several surgical specialties 
together [9–11, 13, 36–48], 15 evaluated SSI as the primary out-
come. Of these, 14 reported a lower SSI with the use of ciNPT. In 
addition, 8 studies analysed SSCs, with 7 of these studies finding 
a positive impact of ciNPT on these events.

In the 10 studies evaluating the use of ciNPT in open abdominal 
surgery [49–58], 6 of them showed that the use of ciNPT reduced 
SSIs; however, 2 studies presented negative results. Regarding 
SSC, only one study reported lower SSCs with the use of ciNPT, 
while in 3 studies the results were negative.

All 9 meta-analyses of caesarean sections [59–67] showed a de-
crease in SSIs with the use of ciNPT, while one of four studies 
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assessing SSCs showed a reduction in complications. However, 
it is worth noting that most of these were performed in patients 
with high body mass index (BMI).

The 8 meta-analyses conducted in vascular groin surgery 
[68–75] showed a decrease in SSI with the use of ciNPT devices. 
However, the 2 studies that analysed SSCs did not find the same 
positive effect.

All 5 meta-analyses in colorectal surgery show a decrease in 
SSIs and 4 of them also observed a reduction in SSCs [76–80]. 
Similarly, ciNPT reduced SSIs and SCCs in all 5 studies of ab-
dominal incisional hernia surgery [81–85].

In breast surgery, all 4 studies showed a decrease in SSCs, while 
only 1 study reported lower SSIs [86–89]. However, the 4 studies 
in reconstructive surgery [90–93], which have been performed 
on heterogeneous types of procedures, often with flaps or skin 
grafts, show a disparity of results; 3 meta-analyses reported a 
decrease in SSCs, which was not confirmed in another study, 
while for SSIs, 1 study showed a positive effect and 2 found no 
beneficial effect when using ciNPT.

Regarding the two meta-analyses performed in oncological 
surgery [94, 95], all reported lower SSIs and SSCs in patients 
with ciNPT. In contrast, the two meta-analyses in hepato-bilio-
pancreatic surgery showed no decrease in SSIs or SSCs [96, 97].

The only systematic review on the use of ciNPT in sternotomy 
showed a decrease in SSIs in this type of surgery [98]; while 
the one on neck surgery targeted SSCs, reporting a positive ef-
fect [99].

3.3   |   Risk Factors for Surgical Site Complications

Based on the information obtained in the selected studies, gen-
eral risk factors for SSCs related to patient profile, surgical in-
cision, and type of surgical procedure were identified (Table 2). 
Additional risk factors associated with specific types of surgery 
were also identified (Table 3).

3.3.1   |   Patient-Associated Risk Factors

Overall, older age has been identified as a risk factor for SSIs 
in different types of surgery [100, 101], although not all studies 
report an advanced age as a risk factor [102]. In addition, male 
sex has been identified as an independent risk factor for SSIs 
in some types of surgery such as abdominal (odds ratio [OR]: 
2.6), dermatologic (relative risk [RR]: 1.51 and OR: 5.46), and 
foot and ankle surgery (OR: 1.34) [100, 102, 103]. In contrast, a 
meta-analysis of studies performing vascular surgery identified 
female sex as a risk factor (OR: 1.41) [104].

On the other hand, patients' clinical characteristics can increase 
the risk of SSIs appearance.

Diabetes is one of the most frequent risk factors for SSIs 
found in the literature (RR: 1.48–1.68; OR: 1.80–3.00) 
[100, 102, 103, 105, 106], as well as a poor general status assessed 

using the American Society of Anesthesiologists classification 
(ASA ≥ 3) (OR: 1.51–2.58) [100, 101, 105].

Obesity (BMI ≥ 30) has been reported as a risk factor in differ-
ent types of surgery (OR: 1.63–7.6) [100, 101, 104, 106]. In this 
context, malnutrition (BMI < 20 kg/m2) was also identified as a 
risk factor of SSIs in patients with head and neck cancer (OR: 
2.64) [105].

Active smoking is also a common risk factor of SSIs in pa-
tients undergoing surgery (OR: 1.32–1.79) [100, 101, 103, 106]. 
However, a meta-analysis of observational studies including pa-
tients with skin surgery showed that smoking did not affect the 
risk of wound infection [102]. In addition, alcohol consumption 
was identified as a significant risk factor for postoperative SSIs 
(OR: 1.57) [101].

The presence of different conditions prior to the intervention 
such as hypertension, chronic obstructive pulmonary disease 
(OR 1.42), chronic kidney disease (OR 2.13), or heart disease (OR: 
2.97) has been identified as risk factors for SSIs [101, 103, 104]. 
Immunocompromised patients were also at higher risk of SSIs 
(RR: 2.11) [102]. In this regard, open fractures were considered 
a risk factor in ankle surgery (OR: 4.87) [101]. In contrast, the 
presence and type of neoplasms were not considered a risk fac-
tor in large series of patients who underwent skin surgery [102].

Regarding treatments received, chemotherapy was reported to 
be a risk factor of SSIs (OR: 2.36) [100, 105], while no associ-
ation with anti-platelet medication or anti-coagulant was ob-
served [102].

The Charlson Comorbidity Index (CCI) [107], which quantifies 
a patient's burden of comorbidities, has been shown to be a crit-
ical factor influencing the occurrence and severity of SSCs [6]. 
In an extensive study investigating the incidence, impact, and 
cost of SSCs in patients undergoing open surgical procedures, 
Hou et  al. highlighted how comorbidities, measured by the 
CCI, significantly influenced SSC rates, healthcare utilisation, 
and outcomes across various surgical categories. Higher CCI 
scores were strongly associated with elevated rates of both over-
all and non-infectious SSCs [6]. In this study, conditions such 
as peripheral vascular disease, diabetes, and obesity emerged as 
significant contributors to heightened SSC risks, especially in 
complex surgical procedures. Among Medicare patients, those 
without comorbidities (CCI = 0) experienced an overall SSC rate 
of 2.32% in cardiac surgeries, whereas patients with severe co-
morbidities (CCI ≥ 5) faced rates as high as 10.45%. This pattern 
was consistent across various surgical categories, with the high-
est SSC rates observed in skin, subcutaneous tissue, and breast 
surgeries. Furthermore, emergency and urgent surgeries, as well 
as orthopaedic and skin-related procedures, demonstrated the 
greatest vulnerability to SSCs among patients with high CCI 
scores.

3.3.2   |   Wound-Associated Risk Factors

Regarding those risk factors associated with the surgical wound, 
the most commonly identified in the literature were a contami-
nated (OR: 4.63) or infected incision [100, 101], a long operative 
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time (OR: 1.42–1.86) [100, 105, 108], an urgent or emergency 
surgery (OR: 2.12) [100, 104], and an early or unplanned re-
operation (OR: 4.50) [104].

3.3.3   |   Procedure-Associated Risk Factors

The main risk factors of SSIs associated with the surgical proce-
dure are blood loss (OR: 2.04) [100] or transfusion (OR: 1.13–2.29) 
[104–106] and perioperative infection (OR: 2.46) [100, 108].

3.4   |   Panel Recommendations

After the panellists reached a consensus on the categorisation of 
risk factors to define indications for the use of ciNPT, a summary 
diagram was developed to visually represent these risk scenar-
ios and facilitate decision-making regarding its use (Figure 1).

For this diagram, the authors classified interventions based on 
three expected levels of surgical site interventions and three lev-
els of complication impact for cases where ciNPT may be appli-
cable. The experts determined the ratio of complications using 
Medicare patient data [6] categorised by incidence rates (< 5%, 
5%–10% and > 10%) and those of SSI reported by the CDC and 
the ECDC [109]. For complication impact, an adaptation of the 
Clavien–Dindo classification system [110] was used: low impact 
(Clavien 1), medium impact (Clavien 2) and high impact (Clavien 
≥ 3). In this way, this classification was used to individually as-
sess the clinical impact that an SSC would have in the various 
types of surgical procedures or incision-related situations within 
each surgical specialty (Table 4).

In the diagram, ciNPT is not recommended in low-risk (red 
zone) scenarios without identified risk factors (according to 
Tables  2 and 3); it is considered in intermediate-risk (yellow 
zone) settings when two or more risk factors are present (accord-
ing to Bueno-Lledó et al. [111]), and it is strongly recommended 
in high-risk (green zone) cases, following specialty-specific cri-
teria outlined in Table 4.

To more easily determine the presence of risk factors in patients, 
the expert group considered the CCI a good surrogate for pa-
tient risk factors and a simple tool for objective assessment of 
situations falling in the yellow area of the diagram in Figure 1. 
The CCI can, however, be combined with the factors specified in 
Tables 2 and 3. Based on the reviewed literature [6, 112], patients 
with a CCI score of 0–4 were categorised as low to moderate 
risk, while those with a CCI score greater than 5 were classified 
as high risk. Specific recommendations for the use of ciNPT tai-
lored to each surgical specialty are provided in Table 4.

4   |   Discussion

Numerous clinical studies and meta-analyses have demon-
strated the efficacy of negative pressure therapy (NPWT) in 
promoting wound healing in open wounds of various aetiol-
ogies, including diabetic ulcers, pressure ulcers, open surgi-
cal wounds, and traumatic injuries [113–116]. These studies 
have consistently reported accelerated wound closure, reduced 
wound size, decreased bacterial burden, and enhanced gran-
ulation tissue formation with NPWT. The beneficial effects of 
NPWT on wound healing can be attributed to its multifaceted 
mechanisms of action: improvement of blood flow, reduction of 

TABLE 3    |    Risk factors associated with the patient profile, wound, and surgical procedure in different types of surgery.

Types of surgery

Risk factors

Patient Wound Intervention

General, abdominal wall, 
and colorectal surgery

Ostomy and ostomy closure, open-
abdomen closure, complex abdominal 

wall techniques (abdominal component 
separation), transplant surgery, HIPEC

Reconstructive, plastic, 
and breast surgery

Breast reduction, breast implant 
reconstruction, free flap donor 

site, postbariatric surgery 
(abdominoplasty and cruroplasty)

Cardiac, vascular, 
orthopaedic, and 
traumatological surgery

Vascular surgery
Critical ischaemia, gangrene, 
infection proximal to the limb

Cardiothoracic surgery
Chronic obstructive 

pulmonary disease (high risk)

Oedema/poor 
vascularization

Vascular surgery
Implant through the femoral artery (inguinal 

access), limb damage control surgery
Cardiothoracic surgery

Sternotomy + double internal 
mammary artery extraction

Heart transplant
Mechanical assistance device

Traumatological surgery
Polytraumatised patient

Revision of hip/knee replacement, 
osteosynthesis failure surgery

Abbreviation: HIPEC: hyperthermic intraperitoneal chemotherapy.
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oedema, stimulation of angiogenesis, management of exudate, 
promotion of granulation tissue formation, and modulation of 
the inflammatory response [117–119].

Surgeons have evolved the use of NPWT towards a prophylactic 
use on closed incisions, resulting in the concept of ciNPT. Since 
2006, multiple randomised clinical studies and meta-analyses 
have been published in a variety of clinical settings. ciNPT is 
likely to protect the surgical incision by providing control of 
local factors such as decreasing oedema, controlling exudate, 
and reducing tension, and ensuring a tight seal [120].

Over the last decade, numerous meta-analyses have been pub-
lished on the efficacy of ciNPT in influencing the frequency of 
SSIs and other local complications in surgical wounds. In ad-
dition, some consensus groups around the world have issued 
guidelines on this technology for specific surgical specialties or 
for all types of surgery [3, 12, 111, 121–124]. The present pro-
posal compares well to and is aligned with these consensus doc-
uments. In general, the authors recommend the use of ciNPT 
selectively, in patients considered at “high risk” for adverse 
surgical wound events. However, in the authors' opinion, the 
current guidelines do not sufficiently clarify a key element: the 
definition and stratification of risk factors that define the “high-
risk” patient. Addressing this gap was the primary objective of 
the present consensus, aimed at, though not limited to, the sur-
gical specialties represented in the Spanish OIC.

In this study, a considerable large number of meta-analyses have 
been detected. In this regard, it is interesting to note that prior 
to the 2016 World Health Organisation (WHO) meta-analysis, 
only three such reviews had been published. In contrast, 61 

systematic reviews and meta-analyses have been published 
between 2020 and 2023. Some of these have been used for the 
development of clinical guidelines (WHO, National Institute 
for Health and Clinical Excellence, UK [NICE]) and some of 
the more recent ones used robust analysis techniques such as 
Cochrane methodology, GRADE qualification of evidence, and 
trial sequential analysis.

Of all the documents recovered, three deserve extensive com-
ment. The 2022 update of the Cochrane review [9] concluded 
that wounds treated prophylactically with ciNPT probably have 
fewer SSIs (moderate-certainty evidence), but there is probably 
little or no difference in wound dehiscence (moderate-certainty 
evidence). They also found that people treated with ciNPT may 
experience more cases of skin blistering compared with those 
treated with standard dressings (low certainty evidence). There 
were no clear differences in other secondary outcomes where 
most of the evidence was of low or very low certainty. However, 
the review does not provide specific recommendations on when 
or in which clinical settings ciNPT should be used. On the other 
hand, the most recent meta-analysis, and probably the one with 
the most advanced methodology [13], employed a trial sequen-
tial analysis to assess the risk of random error. It concluded that 
the existing evidence is sufficient to affirm that the use of ciNPT 
is effective in reducing SSIs, and that future studies are very un-
likely to influence the effect estimate for SSIs. Once again, the 
meta-analysis demonstrates the efficacy of ciNPT in high-risk 
patients, yet it fails to define who these patients are or which 
specific clinical situations should be considered high risk.

Finally, during the review phase of this manuscript, an addi-
tional international multidisciplinary consensus was published 

FIGURE 1    |    Decision-making algorithm for the use of ciNPT. The diagram illustrates risk-based recommendations for the use of ciNPT based 
on the expected surgical site complication rate (horizontal axis) and the clinical impact of such complications (vertical axis, based on the Clavien–
Dindo Complication Classification). Red zones indicate scenarios where none of the risk factors listed in Tables 2 and 3 are present, and ciNPT is 
not recommended. Yellow zones represent intermediate-risk scenarios where ciNPT is recommended if two or more risk factors are present. Green 
zones correspond to high-risk situations in which ciNPT is always recommended, according to the specialty-specific indications detailed in Table 4.
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[125]. Together with the results of our own consensus, its rec-
ommendations have contributed to the development of a mobile 
application (APP), ciNPT Scorecard, designed to support clinical 
decision-making regarding the use of ciNPT. The APP will be 
freely available in Spanish, Portuguese, and English, and is in-
tended to assist healthcare professionals in the specialties repre-
sented in the consensus.

Each surgical specialty and each procedure has its own risk 
factors for SSCs. Also, patients' comorbidities, previous med-
ications, and past medical history place them at different risk 
levels. In addition, the local characteristics of the surgical in-
cision have to be taken into account when indicating whether 
or not to place a ciNPT device after wound closure. Most of 
the identified risk factors of SSIs were associated with patients' 
characteristics, highlighting male sex, age, high BMI, and di-
abetes as well as factors related to patients' lifestyle such as 
tobacco use. Obesity is associated with an altered immune 
response and skin tension [126], while diabetes contributes to 
angiogenesis dysregulation and affects the correct functioning 
of skin cells [127], resulting both in impaired wound healing. 
On the other hand, toxins present in cigarettes reduce skin cell 
migration, which affects the re-epithelialisation process and 
results in delayed wound healing and healing complications 
[128]. Overall, these factors should be taken into account prior 
to the surgical procedure.

Using the results of the review of meta-analyses and system-
atic reviews published in the literature and the experiences of 
the panel members, we sought to identify clinical scenarios in 
which the use of ciNPT may be beneficial in reducing surgical 
wound complications, including SSIs.

Treatment costs are an important part of healthcare and can-
not be disregarded. Cost-effectiveness evaluations of ciNPT pro-
duced different results in different indications [9]. For example, 
previous publications have reported that the use of ciNPT in 
vascular patients resulted in a reduction of in-hospital compli-
cations, length of stay, and number of recurrent open wounds, 
resulting in reduced associated costs [129, 130]. In addition, 
another study assessing its use after closed surgical incisions 
showed an economic benefit compared with standard care, es-
pecially in patients with diabetes, BMI ≥ 30 kg/m2 or ASA ≥ 3 
[131]. In contrast, studies assessing the use of ciNPT after cae-
sarean section in obese women could not conclude that this was 
a cost-effective approach [132, 133].

4.1   |   Limitations

This study has several limitations. As a consensus-based 
study, these ciNPT recommendations stem from the expertise 
of a panel of specialists selected for their experience in surgi-
cal infections and ciNPT research. While they provide clinical 
guidelines across surgical specialties, they remain subject to the 
panel's scope of knowledge, and surgical discretion should pre-
vail in each case. Another potential limitation is the reliance on 
the Medicare database, a US registry that provides incidence rate 
data specific to its geographic population. The study's strengths 
include an extensive literature review and in-depth discus-
sions conducted before establishing the recommendations. 

Additionally, the panellists, representing nine different surgical 
specialties or subspecialties, provided broad regional represen-
tation across Spain.

In conclusion, the available literature enabled the panellists to 
identify risk factors related to the patient, wound, and surgical 
procedure. Combined with data on the incidence and impact 
of surgical complications, this evidence supports the devel-
opment of recommendations for the use of ciNPT in clinical 
practise.

Acknowledgements

Medical writing assistance in the preparation of this article was provided 
by Víctor Latorre and Daniel Pinto, PhDs at Outcomes'10 (Castellón de 
la Plana, Spain).

Ethics Statement

The study is a consensus document among healthcare professionals. In 
accordance with the approved study protocol, participants were consid-
ered to have implicitly given informed consent by participating in the 
process. As the data used in the review are publicly available, and no 
patients participated in the study, patient consent was not required for 
publication.

Conflicts of Interest

All authors received an honorarium for attending the expert panel 
meeting. J.M.B. has received honorarium for educational activities and 
lectures from: BD, Smith+Nephew, Hartmann. I.R.P. has received hon-
orarium for educational activities, lectures and as advisor from: BD, 
Medtronic, J&J, Smith+Nephew, Thermofisher.

Data Availability Statement

Data are from literature reviews and were generated by the authors.

References

1. Prevention ECfD, Control, C. Suetens, S. Hopkins, J. Kolman, and 
L. D. Högberg, “Point Prevalence Survey of Healthcare-Associated 
Infections and Antimicrobial Use in European Acute Care Hospitals: 
2011–2012,” 2013, Publications Office of the European Union.

2. European Centre for Disease Prevention and Control, Point Prevalence 
Survey of Healthcare-Associated Infections and Antimicrobial Use in 
European Acute Care Hospitals (ECDC, 2024).

3. Global Guidelines for the Prevention of Surgical Site Infection, Second 
Edition (World Health Organization, 2018).

4. J. M. Badia, A. L. Casey, N. Petrosillo, P. M. Hudson, S. A. Mitchell, 
and C. Crosby, “Impact of Surgical Site Infection on Healthcare Costs 
and Patient Outcomes: A Systematic Review in Six European Countries,” 
Journal of Hospital Infection 96, no. 1 (2017): 1–15.

5. A. Skervin and B. Levy, “Management of Common Surgical 
Complications,” Surgery 38, no. 3 (2020): 128–132.

6. Y. Hou, A. Collinsworth, F. Hasa, and L. Griffin, “Incidence and 
Impact of Surgical Site Complications on Length of Stay and Cost of 
Care for Patients Undergoing Open Procedures,” Surgical Open Science 
14 (2023): 31–45.

7. S. Horgan, J. Hegarty, J. Drennan, D. Keane, and M. M. Saab, “The 
Effect of Interventions on the Incidence of Surgical Site Infections in 
Acute Care Settings: A Systematic Review,” Journal of Tissue Viability 
33, no. 1 (2024): 75–88.

 1742481x, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.70750 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [16/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



11 of 15

8. D. Leaper and K. Ousey, “Evidence Update on Prevention of Surgical 
Site Infection,” Current Opinion in Infectious Diseases 28, no. 2 (2015): 
158–163.

9. G. Norman, C. Shi, E. L. Goh, et  al., “Negative Pressure Wound 
Therapy for Surgical Wounds Healing by Primary Closure,” Cochrane 
Database of Systematic Reviews 4, no. 4 (2022): Cd009261.

10. N. Hyldig, H. Birke-Sorensen, M. Kruse, et  al., “Meta-Analysis of 
Negative-Pressure Wound Therapy for Closed Surgical Incisions,” 
British Journal of Surgery 103, no. 5 (2016): 477–486.

11. H. J. Cooper, D. P. Singh, A. Gabriel, C. Mantyh, R. Silverman, and L. 
Griffin, “Closed Incision Negative Pressure Therapy Versus Standard of 
Care in Reduction of Surgical Site Complications: A Systematic Review 
and Meta-Analysis,” Plastic and Reconstructive Surgery. Global Open 11, 
no. 3 (2023): e4722.

12. J. M. Badia, M. D. Del Toro, J. F. Navarro Gracia, et al., “Surgical 
Infection Reduction Program of the Observatory of Surgical Infection 
(PRIQ-O): Delphi Prioritization and Consensus Document on 
Recommendations for the Prevention of Surgical Site Infection,” Cirugía 
Española 101, no. 4 (2023): 238–251.

13. H. Groenen, H. Jalalzadeh, D. R. Buis, 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 62 (2023): 102105.

14. M. Peters, C. Godfrey, P. McInerney, Z. Munn, A. Tricco, and H. 
Khalil, Scoping Reviews—JBI Manual for Evidence Synthesis—JBI 
GLOBAL WIKI (JBI Reviewer's Manual; JBI, 2020).

15. A. C. Tricco, E. Lillie, W. Zarin, et  al., “PRISMA Extension for 
Scoping Reviews (PRISMA-ScR): Checklist and Explanation,” Annals 
of Internal Medicine 169, no. 7 (2018): 467–473.

16. T. C. Horan, R. P. Gaynes, W. J. Martone, W. R. Jarvis, and T. G. 
Emori, “CDC Definitions of Nosocomial Surgical Site Infections, 1992: 
A Modification of CDC Definitions of Surgical Wound Infections,” 
American Journal of Infection Control 20, no. 5 (1992): 271–274.

17. I. España, “Prevalencia de Infecciones (Relacionadas con la 
Asistencia Sanitaria y Comunitarias) y uso de Antimicrobianos en 
Hospitales de Agudos,” 2021 2021, ESTUDIO EPINE-EPPS.

18. S. Yuan, T. Zhang, D. Zhang, Q. He, M. Du, and F. Zeng, “Impact 
of Negative Pressure Wound Treatment on Incidence of Surgical 
Site Infection in Varied Orthopedic Surgeries: A Systematic Review 
and Meta-Analysis,” International Wound Journal 20, no. 6 (2023): 
2334–2345.

19. D. Zhang and L. He, “A Systemic Review and a Meta-Analysis on 
the Influences of Closed Incisions in Orthopaedic Trauma Surgery by 
Negative Pressure Wound Treatment Compared With Conventional 
Dressings,” International Wound Journal 20, no. 1 (2023): 46–54.

20. W. Xie, L. Dai, Y. Qi, and X. Jiang, “Negative Pressure Wound Therapy 
Compared With Conventional Wound Dressings for Closed Incisions in 
Orthopaedic Trauma Surgery: A Meta-Analysis,” International Wound 
Journal 19, no. 6 (2022): 1319–1328.

21. Y. Li, B. Wu, and Y. Liu, “The Effect of Negative Pressure Therapy 
on Closed Wound After the Orthopedic Surgery of Lower Limb: A Meta-
Analysis,” Surgical Innovation 27, no. 2 (2020): 165–172.

22. C. Wang, Y. Zhang, and H. Qu, “Negative Pressure Wound Therapy 
for Closed Incisions in Orthopedic Trauma Surgery: A Meta-Analysis,” 
Journal of Orthopaedic Surgery and Research 14, no. 1 (2019): 427.

23. M. J. Lambrechts, N. D. D'Antonio, T. Z. Issa, et al., “The Usefulness 
of Closed Incision Negative Pressure Wound Therapy After Spinal 
Fusion: A Systematic Review and Meta-Analysis,” World Neurosurgery 
168 (2022): 258–267.

24. T. Morgan and T. Page, “The Effectiveness of Prophylactic Closed 
Incision Negative Pressure Wound Therapy Compared to Conventional 
Dressings in the Prevention of Periprosthetic Joint Infection Post 

Hip and Knee Revision Arthroplasty Surgery: A Systematic Review,” 
International Journal of Orthopaedic and Trauma Nursing 53 (2023): 
101048.

25. P. Li and J. Li, “Effect of Incisional Negative Pressure Therapy and 
Conventional Treatment on Wound Complications After Orthopaedic 
Trauma Surgery: A Meta-Analysis of Randomized Controlled Studies,” 
International Wound Journal 20, no. 10 (2023): 4291–4299.

26. H. J. Cooper, R. P. Silverman, A. Collinsworth, C. Bongards, and 
L. Griffin, “Closed Incision Negative Pressure Therapy vs Standard of 
Care Over Closed Knee and Hip Arthroplasty Surgical Incisions in the 
Reduction of Surgical Site Complications: A Systematic Review and 
Meta-Analysis of Comparative Studies,” Arthroplast Today 21 (2023): 
101120.

27. N. Ailaney, W. L. Johns, G. J. Golladay, B. Strong, and N. V. Kalore, 
“Closed Incision Negative Pressure Wound Therapy for Elective Hip 
and Knee Arthroplasty: A Systematic Review and Meta-Analysis of 
Randomized Controlled Trials,” Journal of Arthroplasty 36, no. 7 (2021): 
2402–2411.

28. J. H. Kim and D. H. Lee, “Are High-Risk Patient and Revision 
Arthroplasty Effective Indications for Closed-Incisional Negative-
Pressure Wound Therapy After Total Hip or Knee Arthroplasty? A 
Systematic Review and Meta-Analysis,” International Wound Journal 
17, no. 5 (2020): 1310–1322.

29. H. E. Matar, N. Emms, and V. Raut, “Effectiveness of Negative-
Pressure Wound Therapy Following Total Hip and Knee Replacements,” 
Journal of Long-Term Effects of Medical Implants 29, no. 1 (2019): 51–57.

30. L. Wang, X. Xu, J. G. Cao, and J. Liu, “Negative Pressure Wound 
Therapy in Total Hip and Knee Arthroplasty: A Meta-Analysis,” Journal 
of Comparative Effectiveness Research 8, no. 10 (2019): 791–797.

31. J. H. Kim, H. J. Kim, and D. H. Lee, “Comparison of the Efficacy 
Between Closed Incisional Negative-Pressure Wound Therapy 
and Conventional Wound Management After Total Hip and Knee 
Arthroplasties: A Systematic Review and Meta-Analysis,” Journal of 
Arthroplasty 34, no. 11 (2019): 2804–2814.

32. Z. S. Liu and S. B. Tian, “Influence of Closed-Incision Negative-
Pressure Wound Therapy on the Incidence of Surgical Site Wound 
Infection in Patients Undergoing Spine Surgery: A Meta-Analysis,” 
International Wound Journal 20, no. 10 (2023): 4193–4199.

33. Z. Chen, J. Sun, Z. Yao, C. Song, and W. Liu, “Can Prophylactic 
Negative Pressure Wound Therapy Improve Clinical Outcomes in 
Spinal Fusion Surgery? A Meta-Analysis,” European Spine Journal 31, 
no. 6 (2022): 1546–1552.

34. S. Lu, Z. Yuan, X. He, Z. Du, and Y. Wang, “The Impact of Negative 
Pressure Wound Therapy on Surgical Wound Infection, Hospital 
Stay and Postoperative Complications After Spinal Surgery: A Meta-
Analysis,” International Wound Journal 21, no. 1 (2024): e14378.

35. H. J. Cooper, L. P. Griffin, C. Bongards, and R. Silverman, “Outcomes 
of Two Different Negative Pressure Therapy Systems for Closed Incision 
Management in Knee and Hip Arthroplasty: A Systematic Review and 
Meta-Analysis,” Cureus 15, no. 6 (2023): e40691.

36. K. James, A. Glasswell, and B. Costa, “Single-Use Negative Pressure 
Wound Therapy Versus Conventional Dressings for the Reduction 
of Surgical Site Infections in Closed Surgical Incisions: Systematic 
Literature Review and Meta-Analysis,” American Journal of Surgery 
228 (2024): 70–77.

37. C. Saunders, L. M. Nherera, A. Horner, and P. Trueman, “Single-
Use Negative-Pressure Wound Therapy Versus Conventional Dressings 
for Closed Surgical Incisions: Systematic Literature Review and Meta-
Analysis,” BJS Open 5, no. 1 (2021): zraa003.

38. P. R. Zwanenburg, F. W. Timmermans, A. S. Timmer, et  al., “A 
Systematic Review Evaluating the Influence of Incisional Negative 
Pressure Wound Therapy on Scarring,” Wound Repair and Regeneration 
29, no. 1 (2021): 8–19.

 1742481x, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.70750 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [16/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 of 15 International Wound Journal, 2025

39. J. Shiroky, E. Lillie, H. Muaddi, M. Sevigny, W. J. Choi, and P. J. 
Karanicolas, “The Impact of Negative Pressure Wound Therapy for 
Closed Surgical Incisions on Surgical Site Infection: A Systematic 
Review and Meta-Analysis,” Surgery 167, no. 6 (2020): 1001–1009.

40. P. R. Zwanenburg, B. T. Tol, M. C. Obdeijn, O. Lapid, S. L. Gans, 
and M. A. Boermeester, “Meta-Analysis, Meta-Regression, and GRADE 
Assessment of Randomized and Nonrandomized Studies of Incisional 
Negative Pressure Wound Therapy Versus Control Dressings for the 
Prevention of Postoperative Wound Complications,” Annals of Surgery 
272, no. 1 (2020): 81–91.

41. H. Z. Li, X. H. Xu, D. W. Wang, Y. M. Lin, N. Lin, and H. D. Lu, 
“Negative Pressure Wound Therapy for Surgical Site Infections: A 
Systematic Review and Meta-Analysis of Randomized Controlled 
Trials,” Clinical Microbiology and Infection 25, no. 11 (2019): 1328–1338.

42. D. P. Singh, A. Gabriel, J. Parvizi, M. J. Gardner, and R. D'Agostino, 
Jr., “Meta-Analysis of Comparative Trials Evaluating a Single-Use 
Closed-Incision Negative-Pressure Therapy System,” Plastic and 
Reconstructive Surgery 143, no. 1S (2019): 41S–46S.

43. D. Ge, “The Safety of Negative-Pressure Wound Therapy on Surgical 
Wounds: An Updated Meta-Analysis of 17 Randomized Controlled 
Trials,” Advances in Skin & Wound Care 31, no. 9 (2018): 421–428.

44. V. Strugala and R. Martin, “Meta-Analysis of Comparative Trials 
Evaluating a Prophylactic Single-Use Negative Pressure Wound 
Therapy System for the Prevention of Surgical Site Complications,” 
Surgical Infections 18, no. 7 (2017): 810–819.

45. F. E. E. De Vries, E. D. Wallert, J. S. Solomkin, et al., “A Systematic 
Review and Meta-Analysis Including GRADE Qualification of the 
Risk of Surgical Site Infections After Prophylactic Negative Pressure 
Wound Therapy Compared With Conventional Dressings in Clean and 
Contaminated Surgery,” Medicine 95, no. 36 (2016): e4673.

46. K. Sandy-Hodgetts and R. Watts, “Effectiveness of Negative Pressure 
Wound Therapy/Closed Incision Management in the Prevention of 
Post-Surgical Wound Complications: A Systematic Review and Meta-
Analysis,” JBI Database of Systematic Reviews and Implementation 
Reports 13, no. 1 (2015): 253–303.

47. A. Scalise, R. Calamita, C. Tartaglione, et  al., “Improving Wound 
Healing and Preventing Surgical Site Complications of Closed Surgical 
Incisions: A Possible Role of Incisional Negative Pressure Wound 
Therapy. A Systematic Review of the Literature,” International Wound 
Journal 13, no. 6 (2016): 1260–1281.

48. N. N. Semsarzadeh, K. K. Tadisina, J. Maddox, K. Chopra, and D. 
P. Singh, “Closed Incision Negative-Pressure Therapy Is Associated 
With Decreased Surgical-Site Infections: A Meta-Analysis,” Plastic and 
Reconstructive Surgery 136, no. 3 (2015): 592–602.

49. L. Gallo, M. Gallo, B. Chin, et al., “Closed Incision Negative Pressure 
Therapy Versus Traditional Dressings for Low Transverse Abdominal 
Incisions Healing by Primary Closure: A Systematic Review and Meta-
Analysis,” Journal of Plastic Surgery 31, no. 4 (2023): 390–400.

50. J. Meyer, E. Roos, R. J. Davies, N. C. Buchs, F. Ris, and C. Toso, “Does 
Prophylactic Negative-Pressure Wound Therapy Prevent Surgical Site 
Infection After Laparotomy? A Systematic Review and Meta-Analysis 
of Randomized Controlled Trials,” World Journal of Surgery 47, no. 6 
(2023): 1464–1474.

51. A. Lakhani, W. Jamel, G. E. Riddiough, C. S. Cabalag, S. Stevens, 
and D. S. Liu, “Prophylactic Negative Pressure Wound Dressings 
Reduces Wound Complications Following Emergency Laparotomies: 
A Systematic Review and Meta-Analysis,” Surgery 172, no. 3 (2022): 
949–954.

52. S. Gong, J. Yang, T. Lu, et al., “Incisional Negative Pressure Wound 
Therapy for Clean-Contaminated Wounds in Abdominal Surgery: 
A Systematic Review and Meta-Analysis of Randomized Controlled 
Trials,” Expert Review of Gastroenterology & Hepatology 15, no. 11 
(2021): 1309–1318.

53. S. Almansa-Saura, V. Lopez-Lopez, D. Eshmuminov, et  al., 
“Prophylactic Use of Negative Pressure Therapy in General Abdominal 
Surgery: A Systematic Review and Meta-Analysis,” Surgical Infections 
22, no. 8 (2021): 854–863.

54. J. Meyer, E. Roos, Z. Abbassi, N. C. Buchs, F. Ris, and C. Toso, 
“Prophylactic Negative-Pressure Wound Therapy Prevents Surgical 
Site Infection in Abdominal Surgery: An Updated Systematic Review 
and Meta-Analysis of Randomized Controlled Trials and Observational 
Studies,” Clinical Infectious Diseases 73, no. 11 (2021): e3804–e3813.

55. P. A. Boland, M. E. Kelly, N. E. Donlon, et al., “Prophylactic Negative 
Pressure Wound Therapy for Closed Laparotomy Wounds: A Systematic 
Review and Meta-Analysis of Randomised Controlled Trials,” Irish 
Journal of Medical Science 190, no. 1 (2021): 261–267.

56. T. M. Kuper, P. B. Murphy, B. Kaur, and M. C. Ott, “Prophylactic 
Negative Pressure Wound Therapy for Closed Laparotomy Incisions: 
A Meta-Analysis of Randomized Controlled Trials,” Annals of Surgery 
271, no. 1 (2020): 67–74.

57. C. I. Wells, C. B. B. Ratnayake, J. Perrin, and S. Pandanaboyana, 
“Prophylactic Negative Pressure Wound Therapy in Closed Abdominal 
Incisions: A Meta-Analysis of Randomised Controlled Trials,” World 
Journal of Surgery 43, no. 11 (2019): 2779–2788.

58. S. M. Sahebally, K. McKevitt, I. Stephens, et al., “Negative Pressure 
Wound Therapy for Closed Laparotomy Incisions in General and 
Colorectal Surgery: A Systematic Review and Meta-Analysis,” JAMA 
Surgery 153, no. 11 (2018): e183467.

59. T. Goldman and B. Costa, “A Systematic Review and Meta-Analysis 
of Two Negative Pressure Wound Therapy Devices to Manage Cesarean 
Section Incisions,” American Journal of Perinatology 41 (2023): 
e2786–e2798.

60. Y. Tian, K. Li, and L. Zeng, “A Systematic Review With Meta-
Analysis on Prophylactic Negative Pressure Wound Therapy Versus 
Standard Dressing for Obese Women After Caesarean Section,” Nursing 
Open 10, no. 9 (2023): 5999–6013.

61. A. M. Angarita, J. Jayakumaran, D. Di Mascio, and V. Berghella, 
“Prophylactic Negative Pressure Wound Therapy on Wound 
Complications After Cesarean Delivery in Women With Obesity: A 
Meta-Analysis of Randomized Controlled Trials,” American Journal of 
Obstetrics and Gynecology MFM 4, no. 3 (2022): 100617.

62. C. Guo, T. Cheng, and J. Li, “Prophylactic Negative Pressure Wound 
Therapy on Surgical Site Infection in Obese Women After Cesarean 
Section: A Systematic Review and Meta-Analysis,” International 
Journal of Gynaecology and Obstetrics 158, no. 3 (2022): 502–511.

63. B. M. Gillespie, L. Thalib, D. Ellwood, et  al., “Effect of Negative-
Pressure Wound Therapy on Wound Complications in Obese Women 
After Caesarean Birth: A Systematic Review and Meta-Analysis,” 
International Journal of Obstetrics and Gynaecology 129, no. 2 (2022): 
196–207.

64. A. Słabuszewska-Jóźwiak, J. K. Szymański, Ł. Jóźwiak, and B. 
Sarecka-Hujar, “A Systematic Review and Meta-Analysis of Wound 
Complications After a Caesarean Section in Obese Women,” Journal of 
Clinical Medicine 10, no. 4 (2021): 675.

65. H. P. Huang, W. J. Zhao, J. Pu, and F. He, “Prophylactic Negative 
Pressure Wound Therapy for Surgical Site Infection in Obese Women 
Undergoing Cesarean Section: An Evidence Synthesis With Trial 
Sequential Analysis,” Journal of Maternal-Fetal and Neonatal Medicine 
34, no. 15 (2021): 2498–2505.

66. M. C. Smid, S. K. Dotters-Katz, M. Grace, et  al., “Prophylactic 
Negative Pressure Wound Therapy for Obese Women After Cesarean 
Delivery: A Systematic Review and Meta-Analysis,” Obstetrics and 
Gynecology 130, no. 5 (2017): 969–978.

67. L. Yu, R. J. Kronen, L. E. Simon, C. R. T. Stoll, G. A. Colditz, and 
M. G. Tuuli, “Prophylactic Negative-Pressure Wound Therapy After 
Cesarean Is Associated With Reduced Risk of Surgical Site Infection: A 

 1742481x, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.70750 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [16/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



13 of 15

Systematic Review and Meta-Analysis,” American Journal of Obstetrics 
and Gynecology 218, no. 2 (2018): 200–210.

68. J. Hong, L. Xie, L. Fan, and H. Huang, “The Wound Adjuncts Effect 
of Closed Incision Negative Pressure Wound Therapy on Stopping Groin 
Surgical Site Wound Infection in Arterial Surgery: A Meta-Analysis,” 
International Wound Journal 20, no. 7 (2023): 2726–2734.

69. J. M. Robbins, J. Courtney, and A. Hingorani, “Systematic Review of 
Groin Incision Surgical Site Infection Preventative Measures in Vascular 
Surgery,” Journal of Vascular Surgery 77, no. 6 (2023): 1835–1850.

70. A. Gombert, E. Dillavou, R. D'Agostino, Jr., L. Griffin, J. M. 
Robertson, and M. Eells, “A Systematic Review and Meta-Analysis 
of Randomized Controlled Trials for the Reduction of Surgical Site 
Infection in Closed Incision Management Versus Standard of Care 
Dressings Over Closed Vascular Groin Incisions,” Vascular 28, no. 3 
(2020): 274–284.

71. I. J. Y. Wee, N. Syn, and A. Choong, “Closed Incision Negative 
Pressure Wound Therapy in Vascular Surgery: A Systematic Review 
and Meta-Analysis,” European Journal of Vascular and Endovascular 
Surgery 58, no. 3 (2019): 446–454.

72. G. A. Antoniou, C. C. Onwuka, S. A. Antoniou, and D. Russell, 
“Meta-Analysis and Trial Sequential Analysis of Prophylactic Negative 
Pressure Therapy for Groin Wounds in Vascular Surgery,” Journal of 
Vascular Surgery 70, no. 5 (2019): 1700–1710.

73. R. Svensson-Björk, M. Zarrouk, G. Asciutto, J. Hasselmann, and S. 
Acosta, “Meta-Analysis of Negative Pressure Wound Therapy of Closed 
Groin Incisions in Arterial Surgery,” British Journal of Surgery 106, no. 
4 (2019): 310–408.

74. R. Xie, B. Li, and F. Wen, “Effect of Prophylactic Negative Pressure 
Treatment for Post-Surgery Groin Wounds Management in Vascular 
Surgery: A Meta-Analysis,” International Wound Journal 20, no. 2 
(2023): 269–277.

75. G. Boll, P. Callas, and D. J. Bertges, “Meta-Analysis of Prophylactic 
Closed-Incision Negative Pressure Wound Therapy for Vascular 
Surgery Groin Wounds,” Journal of Vascular Surgery 75, no. 6 (2022): 
2086–2093.

76. N. A. AlJoaib, F. A. Alghamdi, B. N. AlEdwani, A. K. AlNaimi, 
and Z. M. AlGhamdi, “Negative Pressure Wound Therapy in Closed 
Colorectal Surgical Incisions: A Systematic Review and Meta-Analysis,” 
Cureus 15, no. 11 (2023): e49621.

77. C. W. Fan, P. H. Chen, H. J. Jhou, and Y. C. Cheng, “Negative Pressure 
Wound Management in Perineal Wound Status Post Abdominoperineal 
Resection and Extralevator Abdominoperineal Excision: A Meta-
Analysis and Trial Sequential Analysis,” International Journal of 
Colorectal Disease 38, no. 1 (2023): 73.

78. J. Meyer, E. Roos, Z. Abbassi, C. Toso, F. Ris, and N. C. Buchs, 
“The Role of Perineal Application of Prophylactic Negative-Pressure 
Wound Therapy for Prevention of Wound-Related Complications After 
Abdomino-Perineal Resection: A Systematic Review,” International 
Journal of Colorectal Disease 36, no. 1 (2021): 19–26.

79. C. Cahill, A. Fowler, and L. J. Williams, “The Application of 
Incisional Negative Pressure Wound Therapy for Perineal Wounds: 
A Systematic Review,” International Wound Journal 15, no. 5 (2018): 
740–748.

80. J. Zhu, Q. Sun, W. Xu, et  al., “Effect of Negative Pressure Wound 
Therapy on Surgical Site Infections Following Stoma Reversal in 
Colorectal Surgery: A Meta-Analysis,” Journal of Investigative Surgery 
36, no. 1 (2023): 2175079.

81. Y. Xu, S. Shao, Z. Gong, et  al., “Efficacy of Prophylactic Negative 
Pressure Wound Therapy After Open Ventral Hernia Repair: A 
Systematic Review Meta-Analysis,” BMC Surgery 23, no. 1 (2023): 374.

82. C. Guo, T. Cheng, and J. Li, “Prophylactic Negative Pressure Wound 
Therapy for Closed Laparotomy Incisions After Ventral Hernia Repair: 

A Systematic Review and Meta-Analysis,” International Journal of 
Surgery 97 (2022): 106216.

83. V. Berner-Hansen, E. Oma, M. Willaume, and K. K. Jensen, 
“Prophylactic Negative Pressure Wound Therapy After Open Ventral 
Hernia Repair: A Systematic Review and Meta-Analysis,” Hernia 25, 
no. 6 (2021): 1481–1490.

84. B. N. N. Tran, A. R. Johnson, C. Shen, B. T. Lee, and E. S. Lee, 
“Closed-Incision Negative-Pressure Therapy Efficacy in Abdominal 
Wall Reconstruction in High-Risk Patients: A Meta-Analysis,” Journal 
of Surgical Research 241 (2019): 63–71.

85. E. W. Swanson, H. T. Cheng, S. M. Susarla, D. M. Lough, and A. 
R. Kumar, “Does Negative Pressure Wound Therapy Applied to 
Closed Incisions Following Ventral Hernia Repair Prevent Wound 
Complications and Hernia Recurrence? A Systematic Review and Meta-
Analysis,” Journal of Plastic Surgery 24, no. 2 (2016): 113–118.

86. J. Song, X. Liu, and T. Wu, “Effectiveness of Prophylactic Application 
of Negative Pressure Wound Therapy in Stopping Surgical Site Wound 
Problems for Closed Incisions in Breast Cancer Surgery: A Meta-
Analysis,” International Wound Journal 20, no. 2 (2023): 241–250.

87. A. N. Liew, K. Y. Lim, and J. F. Khoo, “Closed Incision Negative 
Pressure Therapy vs Standard of Care Dressing in Breast Surgery: A 
Systematic Review,” Cureus 14, no. 4 (2022): e24499.

88. M. Chicco, T. C. Huang, and H. T. Cheng, “Negative-Pressure 
Wound Therapy in the Prevention and Management of Complications 
From Prosthetic Breast Reconstruction: A Systematic Review and Meta-
Analysis,” Annals of Plastic Surgery 87, no. 4 (2021): 478–483.

89. D. Cagney, L. Simmons, D. P. O'Leary, et  al., “The Efficacy of 
Prophylactic Negative Pressure Wound Therapy for Closed Incisions 
in Breast Surgery: A Systematic Review and Meta-Analysis,” World 
Journal of Surgery 44, no. 5 (2020): 1526–1537.

90. A. Gabriel, D. Singh, R. P. Silverman, A. Collinsworth, C. Bongards, 
and L. Griffin, “Closed Incision Negative Pressure Therapy Versus 
Standard of Care Over Closed Plastic Surgery Incisions in the Reduction 
of Surgical Site Complications: A Systematic Review and Meta-Analysis 
of Comparative Studies,” Eplasty 23 (2023): e22.

91. K. Shimada, Y. Ojima, Y. Ida, T. Komiya, and H. Matsumura, 
“Negative-Pressure Wound Therapy for Donor-Site Closure in Radial 
Forearm Free Flap: A Systematic Review and Meta-Analysis,” 
International Wound Journal 19, no. 2 (2022): 316–325.

92. Y. Yin, R. Zhang, S. Li, J. Guo, Z. Hou, and Y. Zhang, “Negative-
Pressure Therapy Versus Conventional Therapy on Split-Thickness 
Skin Graft: A Systematic Review and Meta-Analysis,” International 
Journal of Surgery 50 (2018): 43–48.

93. P. Yu, N. Yu, X. Yang, X. Jin, H. Lu, and Z. Qi, “Clinical Efficacy and 
Safety of Negative-Pressure Wound Therapy on Flaps: A Systematic 
Review,” Journal of Reconstructive Microsurgery 33, no. 5 (2017): 358–366.

94. C. Gusho, R. Phillips, J. Cook, and A. Evenski, “A Systematic Review 
and Meta-Analysis of Negative Wound Pressure Therapy Use in Soft 
Tissue Sarcoma Resection,” Iowa Orthopaedic Journal 43, no. 2 (2023): 
52–59.

95. I. L. Putri, L. B. Adzalika, R. Pramanasari, and C. D. K. Wungu, 
“Negative Pressure Wound Therapy Versus Conventional Wound Care 
in Cancer Surgical Wounds: A Meta-Analysis of Observational Studies 
and Randomised Controlled Trials,” International Wound Journal 19, 
no. 6 (2022): 1578–1593.

96. B. Ren, X. Jiang, J. Chen, and J. Mo, “The Efficacy of Negative 
Pressure Wound Therapy After Hepatopancreatobiliary Surgery: A 
Systematic Review and Meta-Analysis,” Pakistan Journal of Medical 
Sciences 38, no. 8 (2022): 2356–2364.

97. T. Lenet, R. W. D. Gilbert, J. Abou-Khalil, et  al., “The Impact 
of Prophylactic Negative Pressure Wound Therapy on Surgical 
Site Infections in Pancreatic Resection: A Systematic Review and 

 1742481x, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.70750 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [16/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



14 of 15 International Wound Journal, 2025

Meta-Analysis,” Official Journal of the International Hepato Pancreato 
Biliary Association 24, no. 12 (2022): 2035–2044.

98. F. Biancari, G. Santoro, F. Provenzano, et  al., “Negative-Pressure 
Wound Therapy for Prevention of Sternal Wound Infection After Adult 
Cardiac Surgery: Systematic Review and Meta-Analysis,” Journal of 
Clinical Medicine 11, no. 15 (2022): 4268.

99. A. Marouf, H. Mortada, B. Khedr, L. Halawani, S. M. K. Zino Alarki, 
and H. Alghamdi, “Effectiveness and Safety of Immediate Application 
of Negative Pressure Wound Therapy in Head and Neck Free Flap 
Reconstruction: A Systematic Review,” British Journal of Oral & 
Maxillofacial Surgery 60, no. 8 (2022): 1005–1011.

100. O. A. Marzoug, A. Anees, and E. M. Malik, “Assessment of Risk 
Factors Associated With Surgical Site Infection Following Abdominal 
Surgery: A Systematic Review,” BMJ Surgery, Interventions, and Health 
Technologies 5, no. 1 (2023): e000182.

101. C. Yin and L. Sun, “Risk Factors Contributing to Postoperative 
Surgical Site Infections in Patients Undergoing Ankle Fracture Fixation: 
A Systematic Review and Meta-Analysis,” International Wound Journal 
21, no. 4 (2024): e14639.

102. J. G. Schlager, D. Hartmann, J. Wallmichrath, et  al., “Patient-
Dependent Risk Factors for Wound Infection After Skin Surgery: A 
Systematic Review and Meta-Analysis,” International Wound Journal 
19, no. 7 (2022): 1748–1757.

103. J. Cheng, L. Zhang, J. Zhang, K. Asadi, and R. Farzan, “Prevalence 
of Surgical Site Infection and Risk Factors in Patients After Foot and 
Ankle Surgery: A Systematic Review and Meta-Analysis,” International 
Wound Journal 21, no. 1 (2024): e14350.

104. A. M. Kirkham, J. Candeliere, T. Mai, et  al., “Risk Factors for 
Surgical Site Infection After Lower Limb Revascularisation Surgery: A 
Systematic Review and Meta-Analysis of Prognostic Studies,” European 
Journal of Vascular and Endovascular Surgery 67, no. 3 (2024): 455–467.

105. Y. Wang, M. Wang, L. Hou, F. Xiang, X. Zhao, and M. Qian, 
“Incidence and Risk Factors of Surgical Site Infection in Patients With 
Head and Neck Cancer: A Meta-Analysis,” Head & Neck 45, no. 11 
(2023): 2925–2944.

106. Y. Zhang, S. Tan, S. Chen, and X. Fan, “Risk Factors Associated 
With Surgical Site Infections in Patients Undergoing Cardiothoracic 
Surgery: A Systematic Review and Meta-Analysis,” International 
Wound Journal 21, no. 4 (2024): e14573.

107. M. E. Charlson, D. Carrozzino, J. Guidi, and C. Patierno, “Charlson 
Comorbidity Index: A Critical Review of Clinimetric Properties,” 
Psychotherapy and Psychosomatics 91, no. 1 (2022): 8–35.

108. K. A. McLean, T. Goel, S. Lawday, et  al., “Prognostic Models for 
Surgical-Site Infection in Gastrointestinal Surgery: Systematic Review,” 
British Journal of Surgery 110, no. 11 (2023): 1441–1450.

109. Prevention ECfD, Control, “Healthcare-Associated Infections: 
Surgical Site Infections,” 2019, ECDC Stockholm, Sweden.

110. P. A. Clavien, J. Barkun, M. L. de Oliveira, et  al., “The Clavien-
Dindo Classification of Surgical Complications: Five-Year Experience,” 
Annals of Surgery 250, no. 2 (2009): 187–196.

111. J. Bueno-Lledó, I. Rubio-Pérez, M. Moreno-Gijón, et  al., 
“Prophylactic Use of Incisional Negative Pressure Wound Therapy 
for the Prevention of Surgical Site Occurrences in General Surgery: 
Consensus Document,” Surgery 173, no. 4 (2023): 1052–1059.

112. M. Khan, M. Rooh ul, M. Zarin, J. Khalil, and M. Salman, 
“Influence of ASA Score and Charlson Comorbidity Index on the 
Surgical Site Infection Rates,” Journal of the College of Physicians and 
Surgeons–Pakistan 20, no. 8 (2010): 506–509.

113. H. Maranna, P. Lal, A. Mishra, et al., “Negative Pressure Wound 
Therapy in Grade 1 and 2 Diabetic Foot Ulcers: A Randomized 
Controlled Study,” Diabetes and Metabolic Syndrome: Clinical Research 
and Reviews 15, no. 1 (2021): 365–371.

114. E. Şahin, S. Rizalar, and E. Özker, “Effectiveness of Negative-
Pressure Wound Therapy Compared to Wet-Dry Dressing in Pressure 
Injuries,” Journal of Tissue Viability 31, no. 1 (2022): 164–172.

115. X. Liu, H. Zhang, S. Cen, and F. Huang, “Negative Pressure Wound 
Therapy Versus Conventional Wound Dressings in Treatment of Open 
Fractures: A Systematic Review and Meta-Analysis,” International 
Journal of Surgery 53 (2018): 72–79.

116. N. L. Van Rysselberghe, C. A. Gonzalez, C. Calderon, A. 
Mansour, Y. A. Oquendo, and M. J. Gardner, “Negative Pressure 
Wound Therapy for Extremity Open Wound Management: A Review 
of the Literature,” Journal of Orthopaedic Trauma 36, no. S4 (2022): 
S6–S11.

117. M. J. Morykwas, L. C. Argenta, E. I. Shelton-Brown, and W. 
McGuirt, “Vacuum-Assisted Closure: A New Method for Wound 
Control and Treatment: Animal Studies and Basic Foundation,” Annals 
of Plastic Surgery 38, no. 6 (1997): 553–562.

118. V. Saxena, C. W. Hwang, S. Huang, Q. Eichbaum, D. Ingber, and 
D. P. Orgill, “Vacuum-Assisted Closure: Microdeformations of Wounds 
and Cell Proliferation,” Plastic and Reconstructive Surgery 114, no. 5 
(2004): 1086–1096.

119. S. S. Scherer, G. Pietramaggiori, J. C. Mathews, M. J. Prsa, S. 
Huang, and D. P. Orgill, “The Mechanism of Action of the Vacuum-
Assisted Closure Device,” Plastic and Reconstructive Surgery 122, no. 
3 (2008): 786–797.

120. J. Apelqvist, C. Willy, A. M. Fagerdahl, et al., “EWMA Document: 
Negative Pressure Wound Therapy,” Journal of Wound Care 26, no. S3 
(2017): S1–S154.

121. J. Ruiz-Tovar, M. A. Boermeester, L. Bordeianou, et  al., “Delphi 
Consensus on Intraoperative Technical/Surgical Aspects to Prevent 
Surgical Site Infection After Colorectal Surgery,” Journal of the 
American College of Surgeons 234, no. 1 (2022): 1–11.

122. C. Willy, A. Agarwal, C. A. Andersen, et  al., “Closed Incision 
Negative Pressure Therapy: International Multidisciplinary Consensus 
Recommendations,” International Wound Journal 14, no. 2 (2017): 
385–398.

123. B. De Simone, M. Sartelli, F. Coccolini, et  al., “Intraoperative 
Surgical Site Infection Control and Prevention: A Position Paper and 
Future Addendum to WSES Intra-Abdominal Infections Guidelines,” 
World Journal of Emergency Surgery: WJES 15, no. 1 (2020): 10.

124. R. P. Silverman, J. Apostolides, A. Chatterjee, et al., “The Use of 
Closed Incision Negative Pressure Therapy for Incision and Surrounding 
Soft Tissue Management: Expert Panel Consensus Recommendations,” 
International Wound Journal 19, no. 3 (2022): 643–655.

125. D. Singh, T. Alton, A. Alvand, et al., “Linear and Area Coverage 
With Closed Incision Negative Pressure Therapy Management: 
International Multidisciplinary Consensus Recommendations,” 
International Wound Journal 22, no. 6 (2025): e70677.

126. S. Guo and L. A. Dipietro, “Factors Affecting Wound Healing,” 
Journal of Dental Research 89, no. 3 (2010): 219–229.

127. J. L. Burgess, W. A. Wyant, B. Abdo Abujamra, R. S. Kirsner, and 
I. Jozic, “Diabetic Wound-Healing Science,” Medicina 57, no. 10 (2021): 
1072.

128. J. McRobert, “Smoking and Its Effects on the Healing Process of 
Chronic Wounds,” British Journal of Community Nursing Suppl (2013): 
3–20.

129. A. A. Papp, “Incisional Negative Pressure Therapy Reduces 
Complications and Costs in Pressure Ulcer Reconstruction,” 
International Wound Journal 16, no. 2 (2019): 394–400.

130. M. Wikkeling, J. Mans, and T. Styche, “Single Use Negative 
Pressure Wound Therapy in Vascular Patients: Clinical and Economic 
Outcomes,” Journal of Wound Care 30, no. 9 (2021): 705–710.

 1742481x, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iw

j.70750 by Spanish C
ochrane N

ational Provision (M
inisterio de Sanidad), W

iley O
nline L

ibrary on [16/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



15 of 15

131. L. M. Nherera, C. Saunders, S. Verma, P. Trueman, and F. Fatoye, 
“Single-Use Negative Pressure Wound Therapy Reduces Costs in Closed 
Surgical Incisions: UK and US Economic Evaluation,” Journal of Wound 
Care 30, no. S5 (2021): S23–S31.

132. N. Hyldig, J. S. Joergensen, C. Wu, et  al., “Cost-Effectiveness 
of Incisional Negative Pressure Wound Therapy Compared With 
Standard Care After Caesarean Section in Obese Women: A Trial-Based 
Economic Evaluation,” BJOG: An International Journal of Obstetrics 
and Gynaecology 126, no. 5 (2019): 619–627.

133. J. A. Whitty, A. P. Wagner, E. Kang, et  al., “Cost-Effectiveness 
of Closed Incision Negative Pressure Wound Therapy in Preventing 
Surgical Site Infection Among Obese Women Giving Birth by Caesarean 
Section: An Economic Evaluation (DRESSING Trial),” Australian 
& New Zealand Journal of Obstetrics & Gynaecology 63, no. 5 (2023): 
673–680.

Supporting Information
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Supporting Information section. Table S1: Definitions of surgical site 
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