'.) Check for updates

International Wound Journal WI L E Y

IWJ
| oRIGINAL ARTICLE CEIEED

Closed-Incision Negative Pressure Therapy: Scoping Review
and Multidisciplinary Consensus Recommendations of the
Spanish Observatory of Infection in Surgery

Josep M. Badial2 (2 | Inés Rubio-Pérez3 (2 | Carlos Morales-Pérez* 2 | José Bueno-Lledo>® 2 |
Laura M. Rodriguez-Lorenzo’ (2 | Joan Sancho® ® | Oliver Marin-Pefia® 2 | Susana Lopez!® | Jaume Masial® @ |
José M. Balibrea!!!2

!Department of Surgery, Hospital General de Granollers, Granollers, Spain | ?Universitat Internacional de Catalunya, Barcelona, Spain | *Department

of Surgery, Hospital Universitario La Paz, Madrid, Spain | *Cardiac Surgery Service, Central University Hospital of Asturias (HUCA), Oviedo,

Spain | *Department of Surgery, Unit of Abdominal Wall, Hospital Universitari i Politécnic La Fe, Valencia, Spain | ®University of Valencia, Valencia,
Spain | "Department of Vascular Surgery, Hospital Universitari Parc Tauli, Sabadell, Spain | ®Department of Surgery, Hospital del Mar, Barcelona,

Spain | °Department of Orthopedic Surgery & Traumatology, Hospital Universitario Infanta Leonor, Madrid, Spain | °Department of Plastic Surgery,
Hospital Universitari Sant Pau, Barcelona, Spain | "Department of Surgery, Endocrine-Metabolic & Bariatric Surgery Unit, Hospital Universitari Germans
Trias, Badalona, Spain | *Universitat Autdbnoma de Barcelona, Barcelona, Spain

Correspondence: Josep M. Badia (jmbadiaperez@gmail.com)
Received: 9 May 2025 | Revised: 5 August 2025 | Accepted: 7 August 2025

Funding: Writing/editorial support was funded by Smith+Nephew, which also provided the funding for the travel and accommodation of the panellists
during the meetings. Smith+Nephew market the PICO Single-use Negative Pressure Wound Therapy System. The funding source had no role in the study
design, data analysis, data interpretation, expert conclusions and recommendations, or report writing. All authors submitted disclosure statements in accor-
dance with JMI guidelines and format.

Keywords: consensus recommendation | negative-pressure wound therapy | seroma/prevention and control* | surgical wound infection/epidemiology |
surgical wound*/complications | wound healing

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.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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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
10years (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

SSCsrefer to arange 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 30days
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].

20f15

International Wound Journal, 2025

35UBD1 T SUOWWOD dA a1 3|qedt|dde ayy Aq pausenob ake sajpie YO ‘38N JO SN Joj A%eiq i 3UluQ 43I/ UO (SUO N PUOD-PUR-SWLLB}WOD" A3 1M Ae.d 1 pUIUO//:SA1Y) SUORIPUOD pue SWB | 83U 39S *[9202/70/9T] U0 AkelqiauliuQ A8|1IM ‘(Pepiues ap 0LBISIUI) UOSINOL [UOIRN aURIY00D UsIUedS Ag 0520/ IMIZTTTT OT/I0p/wod B |1Mm Ariqipul|uo//sdny woiy papeojumod ‘0T ‘G202 ‘XT8YZr.T



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<20kg/m?) 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

50f 15

35UBD1 T SUOWWOD dA a1 3|qedt|dde ayy Aq pausenob ake sajpie YO ‘38N JO SN Joj A%eiq i 3UluQ 43I/ UO (SUO N PUOD-PUR-SWLLB}WOD" A3 1M Ae.d 1 pUIUO//:SA1Y) SUORIPUOD pue SWB | 83U 39S *[9202/70/9T] U0 AkelqiauliuQ A8|1IM ‘(Pepiues ap 0LBISIUI) UOSINOL [UOIRN aURIY00D UsIUedS Ag 0520/ IMIZTTTT OT/I0p/wod B |1Mm Ariqipul|uo//sdny woiy papeojumod ‘0T ‘G202 ‘XT8YZr.T



1742481x, 2025, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/iwj.70750 by Spanish Cochrane National Provision (Ministerio de Sanidad), Wiley Online Library on [16/04/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

*9Je1 UOT)RII[1f JB[NISWO[S 1Y IO ‘UONIUIAIIJ PUE [0IJU0)) dSBISI( 10J I9IUID) :D (D XOpUI SSeul £poq [N ‘SISISO[0ISaY)SaUY JO 321005 UBILISWY 1Y SV :SUOHIBIAIQQY

oruagordue-njue
‘Aderajowayd aA130®

sjue[ngeoonue
‘Kderoyiounwwir
“uow)eaI) Tedrdoforq
‘(our10ds0[o£9 ‘sp102131.102)
uorssarddnsounuruir
‘BoIR UOTJUIAIIIUT
o) ut Adersyjorper

querdsuern ‘sisAerq snoraaid ‘Aderayioway) Aderayy/yuawnjeal,
Ayyedouage[oo
‘(pugL T/urm
/TWOE >YAD) o1n]Tey (fueL T/uru/Juog <
Aaupry oruoIy) Y.ID) 21n(1e} ASUpry JIU0IYD SINIpIQ.IOWO)
< €< VSV
91> INd 0C>1Nd uonrnnueN
1/357> 1/35¢> erwourwngreodAyq
AI-TIT -1 sape1s DAD 2ATIOY snyels Suryjows
UOT}o3JUl UOT}OJUI 9AI}O®
QATIO® [BD07] 2due)SIp-guo] uorodu] (SE< TING) 11 sse[D (6'v€-0€ < TING) 1 SSe[D Ky1saq0
W O0S < SSO[ poO
QQM: %mw.wa QELM%ME SUiH uonuaA I
’ bwbo“oo:m .m dwk I guo] pajedonueun )Sud] punom
«ESM% 1 ‘K1931ns KouaSIouro ‘FururmIapun ApIMm
QNELSU.QN.OWNSS ‘UOTJUIAIIIUIST ‘QUIT) UOTIUSAIIUL o3ewep uedio
8-0) 1081118 PAUIGUIO) Areq KouoSIoWd ‘UONUIAIIUIDY — UONUSAINU] 39811+ %L IOTVQH %L <ITVqQH s910qeIq
UOT}09S UBIIBSILD UOI}Bd0] pUNoOMm 0}
AouaSrowyg urp1odooe seare Ysry UONBI0T EINT P SIBaK(QL < a3y
S YSIg S YSiH J[STI 3JRIIPOIA SLI YSIH J[STI 9JRIIPOIA

P23R[91 UOTIUIAIIIUT

Pajeda punop

pajeaa juaneq

SI10)9®J STy

-arnpadsoid [ed1dins pue ‘punom ‘oqijoid Jusnied SU3 YIM PIJRIOOSSE SI0J0B] JSLI [BISUID |

¢HT1dVL

International Wound Journal, 2025

6 of 15



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

Risk factors
Types of surgery Patient Wound Intervention
General, abdominal wall, Ostomy and ostomy closure, open-
and colorectal surgery abdomen closure, complex abdominal
wall techniques (abdominal component
separation), transplant surgery, HIPEC
Reconstructive, plastic, Breast reduction, breast implant
and breast surgery reconstruction, free flap donor
site, postbariatric surgery
(abdominoplasty and cruroplasty)
Cardiac, vascular, Vascular surgery Oedema/poor Vascular surgery
orthopaedic, and Critical ischaemia, gangrene, vascularization  Implant through the femoral artery (inguinal

traumatological surgery infection proximal to the limb
Cardiothoracic surgery
Chronic obstructive

pulmonary disease (high risk)

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.

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-Lledo 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
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<5% 5-10% >10%
iN S
S iINPWT alway.
O | low recommended
8 iNPWT
= recommended if
S risk factors present
2
Q
=
a
g iNPWT always
O | medium - recommended
:
%) iNPWT INPWT
E recommended if risk recommended if risk
ED factors present factors present
5
%)
—
]
*g high iNPWT always iINPWT always iINPWT always
g- recommended recommended recommended

1CDCC: Clavien-Dindo Complication Classification

2CCl: Charlson Comorbidity Index

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.

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
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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 >30kg/m? 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.
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