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Inclusion of Single-Use Negative Pressure
Wound Therapy for the Prevention of
Closed-Incision, Surgical Site Complications
in Multispecialty, Perioperative Care Bundles:
Insights From an International Panel

Ronald W Singer, MD'; Ann Fowler, CNS?; Jeanette Harris, MS, MSM, MT(ASCP), CIC, FAPIC3; Darly Mathew, FRCOG# Jaume
Masia, MD, PhD>; Ikran Nizam, MB, CHB, MRCS, MS, FRACS, FAORTHAS; V Seenu Reddy, MD, MBA, FACS, FACC’; and Adam

Sassoon, MD, MS8

ABSTRACT: /ntroduction. Negative pressure wound therapy (NPWT) is a preemptive option to avoid surgical site com-
plications (SSC) such as dehiscence, hematoma, and infection. Methods. An international, multispecialty advisory panel
participated in individual virtual interviews during January and February 2021 to assess single-use NPWT (sNPWT) as
part of a care bundle that potentially could maximize clinical and financial efficacy. Participants completed surveys
regarding perioperative surgical planning and management, institutional support mechanisms, and stakeholder roles
to guide the interviews and determine commonalities and differences among surgical specialties concerning sSNPWT
use. Participants supplemented opinion with clinical and economic studies supporting SNPWT use in surgical risk fac-
tors and healing. Survey results, anecdotal reports, and relevant literature were organized into a document intended
to support the proliferation of SNPWT as part of a closed-incision surgical care bundle. The panel used a modified
consensus approach to approve document content. Results. The panel comprised 3 orthopedic surgeons, a director of
cardiac surgery, a consultant obstetrician and gynecologist, a plastic surgery department chief, a clinical nurse special-
ist, and an infection control specialist. Anecdotal and published reports showed sNPWT could diminish incision-related
postsurgical complications in persons at risk. In turn, this could allow for expedient hospital discharge and lessen the
clinical and financial ramifications of longer acute care stays. Conclusions. The panel found that SNPWT could mitigate
risk factors for complications known to respond to NPWT and supported the prophylactic use of SNPWT for all patients
at high risk for SSC, as well as for patients at potential risk who might benefit from its use. Influencing care teams and
administrative stakeholders to incorporate sSNPWT into care bundles is a worthwhile challenge.

KEY WORDS: surgical site complications, risk factors, incisional, single-use negative pressure wound therapy, care bundle
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Safe, expedient progression to next-
stage care following surgery has become
increasingly important in the current
health care environment, where the
number of procedures in both inpatient
and freestanding ambulatory surgery
centers is growing.! As noted in the en-
hanced recovery after surgery (ERAS)

data,? implementing a comprehensive
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perioperative care plan that utilizes a
multidisciplinary team can help patients
restore physiologic function, decrease
stress, accelerate recovery time, potential-
ly decrease opioid medication use, and
shorten hospital stays. The perioperative
stress response has been shown to be a
factor in the systemic inflammatory re-

sponse that can impair immune function,
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making patients vulnerable to wound
healing difficulty and potentially extend-
ing the need for care.’*

The longer the patient’s hospital stay,
the higher the risk of complications,
particularly hospital-acquired infections.
These infections affect 3.2% of all hos-
pital admissions in the United States® and

upwards of 7.9% internationally® and can
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Inclusion of SNPWT in Perioperative Care Bundles

Table 1. Factors for the Development of Surgical Site Complications.™

Patient

Procedure-Related

Facility

Preoperative

Intraoperative

Glycemic control

Complex surgery

Room ventilation

Pre-existing infection

Duration of surgery

Nicotine use, alcoholism

Wound classification

Operating room

Inadequate skin

Blood transfusion

traffic preparation
NSO Emergenc Equipment Hair removal Maintenance of asepsis
(albumin <3.5) gency sterilization P

Obesity

Antibiotic choice,
administration, duration

Poor-quality surgical hand
scrubbing and gloving

Immunosuppression

Hypothermia
(temperature <36°C)

Advanced age

Poor glycemic control

Recent radiotherapy

History of skin or soft
tissue infection

occur despite optimizing perioperative

policies and procedures.

Surgical complications

Surgical site complications (SSC) in-
clude wound dehiscence, wound infec-
tion, and hematoma; other SSC include
any deviations from the normal postop-
erative course that require pharmacolog-
ical interventions (eg, antibiotics), wound
exploration, and blood transfusion as well
as more serious interventions like reop-
eration and implant removal that affect
patient experience and morbidity.” The
incidence of wound dehiscence rang-
es from 1.3% to 9.3%% it is known to
increase morbidity and mortality rates
and extend hospital length of stay. Data’
suggest that at least 50% of all SSC can
be avoided; implementing practices de-
signed to reduce surgical site infection
(SSI) and anesthetic complications have
been shown to reduce overall complica-
tions. Surgical closure technique and me-
chanical stress are known to contribute
to wound dehiscence. Incisions closed
with tension on the skin or subcutaneous
tissue, large flaps and flap donor sites, sur-
gical sites in patients who are obese, and
the development of seromas or hemato-
mas increase risk of wound dehiscence

and SSC.?
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Surgical site complications are report-
ed far less frequently than SSI, perhaps
because hospitals often mandate specific
SSI documentation. As such, the true im-
pact of SSC is unknown but likely sub-
stantial.” The American College of Sur-
geons'’ (ACS) patient-, procedure-, and
facility-related risk factors for developing
SSC are detailed in Table 1.

Surgical site infections

Surgical site infection, defined as post-
operative infection occurring within 30
to 90 days of a surgical procedure, is the
most common hospital-acquired infec-
tion.'""? The Centers for Disease Control
and Prevention'' (CDC) has established
SSI distinctions that apply to all operative
procedures. Superficial incisional SSI occurs
within 30 days, involves only skin and
subcutaneous tissue of the incision, and
exhibits one or more of the following:
purulent drainage, organisms identified
via a microbiologic testing method (the
incision is deliberately opened for cul-
ture), signs or symptoms of infection, and
a clinician’s diagnosis. Deep incisional SSI
occurs within 30 to 90 days and involves
deep soft tissue of the incision. The patient
exhibits one or more of the following:
purulent drainage from the deep incision

and/or deep incision that spontaneously
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dehisces or is opened by a surgeon or des-
ignee. In addition, an infectious organism
is identified via microbiologic testing, the
patient has a temperature greater than
38°C and/or localized pain or tenderness
and/or an abscess, and other evidence of
infection is detected. Organ/space SSI also
can occur within 30 or 90 days; this type
of infection involves any part of the body
deeper than the fascial/muscle layers that
are opened or manipulated during the
operative procedure. The patient exhib-
its one or more of the following: puru-
lent drainage from a drain placed into the
organ/space, organisms identified from
aseptically obtained microbiologic testing,
and abscess or other evidence of infection
involving the organ/space detected by
exam or imaging.

In the United States, SSI has been
estimated to result in more than 1 million
additional inpatient days and $1.6 billion in
annual health care expenditures.” In a com-
prehensive review of data from 6 European
countries, Badia et al'> noted an SSI inci-
dence as high as 36%, with prolonged hos-
pitalization resulting in increased primary
health care costs, antibiotic costs, and other
hospital costs. Hospital costs included ex-
tensive use of resources (eg, catheters, lab-
oratory tests including cultures), nursing

time, and treatment of postdischarge SSIs."*
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In addition to the financial impact of
SSI, Badia et al'? pointed to other con-
cerns, such as the patient’s inability to
work and the negative effects on physical
and mental health. Other authors have
noted quality-of-life implications of SSI,
such as pain, insecurity, the side effects of
antibiotics, and anxiety during readmis-
sions, as well as loss of mobility and de-
layed referral to physical therapy (eg, after
hip arthroplasty).'>!¢

The World Health Organization"
(WHO) 2016 guidelines for preopera-
tive measures for SSI prevention include
perioperative discontinuation of immu-
nosuppressive agents, enhanced nutri-
tional support, preoperative bathing using
an antiseptic soap, nasal decolonization
with mupirocin ointment, mechanical
bowel prep with or without oral antibi-
otics (colorectal surgery), hair removal,
optimal timing of perioperative antibi-
otics, surgical hand preparation, surgical
site preparation, and antimicrobial skin
sealants. Incorporating a surgical safety
checklist™ as part of the care regimen
also reduces the rates of death and major

complications after surgery.

Negative pressure wound therapy
Argenta and Morykwas'? first de-
scribed the use of negative pressure
wound therapy (NPWT) as a method
for expediting wound healing in 1997;
this therapy revolutionized wound care,
specifically the treatment of surgical
wounds. Less than 10 years later, the use
of NPWT on closed surgical incisions
became an option to help reduce SSC.
Surgeons began using various NPWT
devices prophylactically to decrease fluid
accumulation within the surgical space
and risk of infection and lower the inci-
dence of wound dehiscence.?' In 2006, in
an effort to reduce perioperative wound
complications, Gomoll et al*? recom-
mended using NPWT over closed in-
cisions in foot and ankle trauma. While

other practitioners were already using this
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therapy, this publication was the first to
outline and document the use of NPWT
for closed-incisional management. This
led to a significant number of publica-
tions and recommendations for the use
of incisional NPWT, especially in the
orthopedic literature.” Muenchow et al**
noted that applying incisional NPWT on
intact skin increased capillary-venous ox-
ygen saturation and improved hemoglo-
bin levels and local blood flow and blood
velocity in the microvessels. In addition,
a randomized, controlled trial® (RCT)
showed incisional NPWT reduced lat-
eral tension along the incision edges,
improved lymphatic drainage, and pre-
vented wound contamination. In 2017,
a consensus recommendation®
closed-incisional NPWT was published.

Additionally, in a prospective, randomized

for using

controlled study, Madsen et al”’ examined
closed-incision NPWT in select popula-
tions. Still, to date, there is no consensus
on its use as part of a care protocol.

The development of single-use NPWT
(SNPWT) systems enhanced portability,
and research shows that outcomes achieved
and costs expended when using SNPWT
are similar to traditional NPWT.*

In summary, the previously noted re-
search and additional case studies, RCTs,
and systematic reviews/meta-analyses® "
have demonstrated that SNPWT applied
prophylactically has efficacy in reducing
SSC across various surgery types, includ-
ing orthopedic, breast, plastic, gynecolog-
ical, obstetrical, vascular, cardiac, and col-
orectal. Additionally, protocol-driven use
of SNPWT has been shown to provide
cost savings by reducing the incidence
of postoperative infections, readmissions,
additional postoperative clinic visits, and

dressing changes.””*

A pilot, pre/post-in-
tervention study'' of women undergoing
cesarean sections in Australia has shown
that adherence with a focused perioper-
ative protocol, which includes sSNPWT
SSC prophylaxis, can further reduce SSI

especially in patients who are obese.
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Insights From an International Panel

Because SSC represents a significant
health care burden, preventive wound care
strategies with dedicated protocols (care
bundles) are developed to maximize clini-
cal effectiveness, decrease surgical morbid-
ity, and deliver cost savings to health care
systems. Care bundles are constructed us-
ing evidence-based practices that include
prevention of surgical complications;
among the strategies is closed surgical in-
cisional management using NPWT.#+

To date, no consensus has been reached
regarding whether sSNPWT should be
part of a surgical care bundle and, if
so, how best to employ this approach
closed-incisional NPWT.
Although the cited research may infer
that closed-incision NPWT can offer

as part of

substantial clinical and economic ben-
efits for selected populations, its impact
on SSC and SSI occurrence remains an
area of debate and study. To address this
concern, a panel was assembled to investi-
gate ways to incorporate prophylactic use
of sSNPWT into perioperative incision
management protocols and to create a
guidance document that utilizes existing
clinical evidence, clinical experience, and

a proposal for establishing change.

Methods

Participants

An international, multispecialty advi-
sory board was convened virtually over
30 days in January and February 2021.
Field teams worldwide working for the
device manufacturer invited participants
based on their specialties and/or familiar-
ity (current and previous use) with the
device. Panelists participated in 6 individ-
ual meetings of approximately 90 min-

utes in small groups and individually.

Study device

The sNPWT reviewed in this study
was PICO sNPWT (Smith+Nephew),
a canister-free SNPWT system consist-
ing of a sterile pump and multilayered

adhesive dressings. Each dressing has 4

December 2021 WOUNDS® S13



Inclusion of SNPWT in Perioperative Care Bundles

layers: a silicone adhesive wound contact
layer, which is designed to minimize pain
and damage during peel-back and to re-
duce lateral tension; an airlock layer for
even distribution of pressure; an absorbent
layer to remove exudate and bacteria from
the wound; and a top film layer, which acts
as a physical barrier and allows moisture to
evaporate. The pump is operated by 2 AA
batteries and delivers a continuous negative
pressure of =80 mm Hg to a sealed wound.
Once activated using a push button, the
battery drives the pump for up to 7 days,
and LEDs provide alerts for low-battery
status and pressure leaks. Standard dressings
for this device come in 8 sizes: 10 cm X
20 c¢cm, 10 cm X 30 cm, 10 cm X 40 cm,
15 cm X 15 cm, 15 cm X 20 cm, 15 cm
X 30 cm, 20 cm X 20 ¢m, and 25 cm X
25 c¢m. Dressings for multisite use are avail-
able in 2 sizes: small (15 cm X 20 cm) and
large (20 cm X 25 cm).

This particular sNPWT device dif-
fers from conventional negative pressure
wound dressings. It has no separate can-
ister, is portable and disposable, and has a
dressing layer with proprietary technology
designed to allow even distribution of neg-
ative pressure across the incision and zone
of injury.*** The device has been shown

to help reduce SSCs by helping decrease

40 and edema*”*’ while

50,51

lateral tensile forces
increasing perfusion and lymphatic
drainage® across a closed surgical incision.

A systematic review and meta-anal-
ysis® of recently published research in-
volving this device included 29 studies
on the outcomes of 5614 patients across
different countries and surgical special-
ties (orthopedic, gynecologic/obstetric,
cardiothoracic, colorectal, and vascular).
Results demonstrated that utilization of
this SNPWT device on closed surgical
incisions resulted in significant reduction
of SSIs by 63% (OR, 0.37;95% CI, 0.28—
0.50; P <.001, numbers needed to treat
[NNTT, 20); the odds of seroma by 77%
(OR, 0.23; 95% CI, 0.11-0.45; P <.001;
NNT, 13); and the odds of dehiscence
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by 30% (OR, 0.7; 95% CI, 0.53-0.92;
P =.01; NNT, 26) compared with stan-
dard dressings. A significant benefit of
these reduced odds was an almost 2-day
reduction in length of stay (mean differ-
ence, -1.75; 95% CI, - 2.69 to -0.81; P
<.00) compared with standard dressings,
suggesting potential for substantial effi-
ciency gains across the health care system.
The National Institute of Health and
Care Excellence* (NICE) in the UK
National Health Service (NHS) has stat-
ed the following to help prevent SSI:
Evidence supports adopting this spe-
cific SNPWT device for closed surgi-
cal incisions in the NHS; it is associat-
ed with fewer SSIs and seromas than
standard wound dressings. The use of
this device should be considered an
option for closed surgical incisions
in people at high risk of developing
SSIs’; cost modeling suggests that this
device provides extra clinical bene-
fits at a similar overall cost compared

with standard wound dressings.

Procedure

One month before the first call/meet-
ing, participants received literature and
materials to review. In addition, all panel
members were asked to complete a sur-
vey before meeting with the organizers to
guide future discussion. The surveys were
geared toward type and management of
SSC. They included open-ended ques-
tions about perioperative surgical man-
agement, methods of identifying patients
at risk of SSC, the type of communication
that occurred among the surgical team
to plan for the potential use of SNPWT
prophylaxis, institutional support mecha-
nisms, and how to identify stakeholders.

Panel members participated in in-
dividual Zoom interviews to identify
commonalities, synergies, and differences
across surgical specialties and care settings
and to identify potential surgical inci-
sion management pathways to maximize

clinical efficacy.
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Developing the consensus
document

The interview content and survey
responses were aggregated into a docu-
ment according to specialty and conclu-
sions regarding surgical risk stratification,
which crossed all specialties. A medical
writer who had participated in all of the
interviews and kept notes to enhance
transcription of the recordings composed
the consensus document, enhancing the
participants’ knowledge of the device and
supportive content they shared with ad-
ditional evidence-based research.

The document was organized by par-
ticipant specialty; it also included other
specialties noted in the research to benefit
from incorporating SNPWT into periop-
erative protocols. Particular focus was on
understanding how to shift individual and
organizational users within a clinical set-
ting to embed prophylactic use of SNPWT
into a surgical care bundle. The panel dis-
cussed best practices among difterent sur-
gical specialties and identified clinical and
administrative stakeholders and patient as-
sessment tools to identify patients at high
risk for SSC. Participants also identified a
list of clinical risk factors that were partic-
ularly important when deciding whether
to use SNPWT prophylactically; a clinical
guideline was suggested.

A draft consensus manuscript was dis-
tributed to all panel members; the man-
uscript included the panel members’
experiences and general perceptions of
sSNPWT use. The document then was
organized by surgery type, addressing
and providing research support for how
sNPWT might best be utilized as a part
of the perioperative protocol. A consen-
sus approach,’ modified to accommo-
date restrictions imposed by the pan-
demic, was used to gain approval of the
document from all panel members. The
draft manuscript was emailed to all pan-
elists, and the panel members’ revisions
were incorporated into the final docu-

ment. Follow-up discussions and edits

woundsresearch.com



were performed if necessary. Overall, the
panel was in agreement without dissent-
ing comments even though the panel did

not meet as a group.

Results
General findings

The panel comprised 3 orthopedic
surgeons, a director of cardiac surgery, a
consultant obstetrician and gynecologist,
a chief of a plastic surgery department, a
clinical nurse specialist, and an infection
control specialist; they hailed from the
United States, Australia, the United King-
dom, and Spain (Table 2).

Panel member use of SNPWT. All but 1
panel member had experience using the
study device. Reasons for use were both
clinical and economic. Clinical reasons
included reducing surgical complications,
enhancing wound healing, and protecting
the incision. Anecdotal and published re-
search supported the panelists’ views that
using SNPWT resulted in a substantial
decrease in readmissions for wound com-
plications, especially regarding orthope-
dic, colorectal, and obstetrical/gyneco-
logical surgeries.

Risk factors that may be mitigated by sN-
PWT use. Most participants agreed with
ACS SSI guidelines" regarding SSC risk
mitigation by using sNPWT-—namely,
the major patient-related risk factors for
SSC.The main reasons for using SNPWT
were body mass index (BMI) greater than
35 kg/m?, poor nutrition, poor diabetic
control, immunosuppression, chronic in-
flammatory disease, advanced age, nico-
tine use, history of radiation therapy, and
anticoagulation or bleeding disorders. The
surgeon participants also included reoper-
ations and orthopedic revisions, emergen-
cy or trauma-related procedures, implant
placement, and long preoperative stay.

Risk assessment. In discussions about the
importance of a holistic team approach to
preoperative evaluation, participants deter-
mined risk assessment was primarily the

responsibility of the surgeon or surgical
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Insights From an International Panel

Table 2. Panel Participants.

Panelist Facility

Specialty/Position

Ronald W Singer, MD

OrthoCarolina, Charlotte, NC

Orthopedic surgeon

V Seenu Reddy, MD,
MBA, FACS, FACC

Tristar Centennial Medical
Center, Nashville, TN

Director of cardiac
surgery

Adam Sassoon, MD, MS

UCLA Health, Los Angeles, CA

Hip and knee
orthopedic surgery

Jaume Masia, MD, PhD

Hospital de la Santa Creu i
Sant Pau/Hospital del Mar,
Barcelona, Spain

Professor and chief of
plastic surgery

Ann Fowler, CNS

Coffs Harbour Hospital, New
South Wales, Australia

Clinical nurse specialist

Darly Mathew, FRCOG

Chesterfield Royal Hospital,
Chesterfield, Derbyshire, UK

Consultant obstetrician
and gynecologist

Jeanette Harris, MS,
MSM, MT(ASCP), CIC,
FAPIC

Evergreen Health at Evergreen
Healthcare, Enumclaw, WA

Hospital infection
prevention

Ilkram Nizam, MB, CHB,
MRCS, MS, FRACS,

FAORTHA Australia

Ozorthopaedics, Malvern VIC,

Orthopedic surgeon
(hip and knee specialist)

team. It was noted that most of the partici-
pants’ facilities did not have written guide-
lines or a formal process risk assessment. In
institutions where an established protocol
of identifying closed-incision complica-
tion risk was in place, sSNPWT was part
of the perioperative SSC prevention and
mitigation strategy. Panelists agreed that
a risk-based algorithm should be used to
identify high-risk patients before surgery,
enabling the surgical team to plan incision
management before the patient’s arrival to
the operating room.

Although some participants advocated
using SNPWT on all patients in some
instances (eg, total joint replacements, re-
gardless of comorbidities), others preferred
a more selective approach with specific
risk stratification. Applying sSNPWT first
on high-risk patients and showing positive
results could influence hospital adminis-
tration and payors to support its use. Panel
members advocated looking at the expense
of the entire longitudinal episode of care,
not only cost of initial hospitalization.

Economic considerations. Economic incen-
tives for using SNPWT and challenges ob-

taining stakeholder buy-in were discussed
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in detail. The economic benefits of SNPWT,
observed by the panel and reviewed in the

35 were decreased infections and

literature,
hospital length of stay and improved wound
healing, all of which can avoid costly read-
missions. The participants were aware of the
impact of readmissions, which can be ex-
pensive for the hospital, especially consid-
ering the 90-day global payment period for
surgical patients and other country-specific
payment and reimbursement requirements.
Revisits to the clinic for SSC were also per-
ceived to be inconvenient for the patient
and resulted in less time for the surgeons to
see new patients (requiring treatment).
The panel agreed that the role of con-
vincing hospital administration to support
purchasing the device, which, in most cas-
es adds to the expense of the procedure,
usually falls to the surgeon. However, the
panel believed an organized effort among
multidisciplinary  clinicians  (including
perioperative nurses, the surgical team,
wound care specialists, and physical thera-
pists) could help demonstrate the financial
benefits of using SNPWT.The panel not-
ed that formal clinical audits were con-

ducted in some settings, comparing the
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significant morbidity reported following
SSC, which required complex and ex-
pensive management, including returning
to the operating room and prolonging
hospital stays. Panelists anecdotally noted
that fewer wound complications occurred
when sNPWT was utilized.

The device’s price is often cited as a bar-
rier to widespread adoption of prophylac-
tic use of sNPWT. However, the reported
clinical efficacy of the featured SNPWT
system has the potential to offset the addi-
tional cost of SSCs. Potential cost savings
from preventing emergency department
visits, readmissions, and infections can out-
weigh the cost of using SNPWT. One ex-
ample noted is joint replacement surgery;
the risk of developing an SSI or SSC could
result in a risk to the permanent implant.
The cost of treating a periprosthetic infec-
tion can reach tens of thousands of dollars,
especially if an infected implant requires
reoperation for implant removal, surgical
washout, subsequent reimplantation, and
extended hospital stays.>®

Single-use NPWT in practice. Postopera-
tive incision management using SNPWT
involved diverse protocols, but none
specifically formalized for comprehen-
sive use. All panelists recognized the im-
portance of communication among the
surgical and postoperative clinical team,
patient, family, and home care nurses. For
example, cesarean section patients un-
dergo a preoperative assessment; this in-
formation is documented in the patient’s
medical notes/chart and includes an indi-
cation for sNPWT.

Panelists reached a consensus that as
long as the patient was in the hospital,
the dressing should be checked post-
operatively for drainage, erythema, and
marginal necrosis, not unlike other types
of dressings applied to surgical sites. The
device should be left undisturbed for
up to 7 days, depending on the type of
device, and subject to manufacturer rec-
ommendations, surgical procedure, and

surgeon preference,
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All participants advocated for written
or pictorial instructions for the patient,
family, and nurses to follow throughout
the postoperative period. Panel members
stated that instructions should be written
simply and be available in various lan-
guages for diverse patient groups based
upon the specific local population of the
implementing care facility.

More and more patients are same-day
discharged as part of ERAS? and the
panel agreed that sNPWT should be
part of the post-discharge protocol. The
consensus document to follow was devel-
oped to foster the inclusion of SNPWT

into the perioperative surgical protocol.

Limitations

Most of the panelists used the spon-
soring company’s SNPWT device; in-
trinsic biases were revealed in the dis-
cussions. Regardless, robust discussions
regarding perioperative risk and specific
use of SNPWT offered insights into par-
ticipants’ experience and opinions and
the results of evidence-based studies on
the use of SNPWT. Before creating the
guidance document, much of the dis-
cussion dealt with identifying challeng-
es to and methods for adding sNPWT
into the perioperative surgical bundle;
as such, much of the document content
was based on anecdotal evidence and the
panelists’ opinions.

It should be noted that the panel’s
objective was to better improve out-
comes by optimizing the implementa-
tion of SNPWT prophylaxis into care
protocols to prevent SSC across mul-
tiple surgical specialties and care set-
tings. It was not the panel’s intention
to extol the use of one SNPWT device
over another product, single-use or tra-
ditional. However, it could be argued
that the published clinical and anecdot-
al evidence regarding the study device
demonstrates its superiority, if not over
other similar products, then at least vs

standard care.
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Conclusions

Despite steps taken for infection con-
trol and improvements in surgical prac-
tices, SSC remains a substantial clinical
and financial burden. Perioperative care
bundles, the mainstay of many surgical
programs, have been shown to improve
outcomes. A large and growing body of
clinical evidence supports that postop-
erative complications can be mitigated
by identifying at-risk patients preopera-
tively and providing sNPWT as part of
the surgical care bundle. The challenges
of implementing selective and pragmatic
use of SNPWT into an already financially
burdened health care system can be ad-
dressed when clinical and administrative
teams work together, utilizing the scien-
tific, therapeutic, and health economic
evidence necessary to inform and imple-

ment necessary change.

Consensus by Specialty
Orthopedics

Surgical site infection after primary or
revision knee and hip arthroplasty can re-
sult in prolonged antibiotic therapy and
the need for implant removal.”’ Single-use
NPWT can be beneficial for hip and knee
arthroplasty in high-risk patients; some
panel members made a case for use in
all patients, given the high consequenc-
es of implant removal even in healthy
patients. Many arthroplasty patients have
inflammatory diseases such as rheumatoid
arthritis, systemic lupus erythematosus,
and spondylarthritis and receive cortico-
steroids, methotrexate, or biologics. These
immunosuppressive agents commonly are
factors in SSC,*® and their use supports
the implementation of sSNPWT.

The panelists agreed that joint re-
visions and orthopedic trauma such as
lower extremity fractures put the pa-
tient at higher risk for SSC because of
preoperative and/or postoperative im-
plants (eg, screws, pins, and plates) and
the potential for significant soft tissue

injury. Once the incision is closed, a
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protocol that advocates using SNPWT
to decrease the accumulation of post-
operative fluid in the soft tissues and
keep the incision covered and secured
may subsequently reduce the incidence
of SSC.?" Panelists noted that decreas-
ing edema in the tissues around the
joint may decrease pain and inflamma-
tion, thus increasing the range of mo-
tion and function. As a result, patients
can be discharged earlier and can reha-
bilitate more rapidly.

Obese patients (ie, BMI >35-40 kg/m?)
have loose fat and/or a pannus; the panel
included these patients, especially those
undergoing direct anterior approach hip
replacement, in their list of patients at
higher risk of incision dehiscence and in-
fection, occurrences potentially mitigated
by sSNPWT. Healing in extremely thin pa-
tients or persons with poor nutrition also
may be compromised™; the panel believed
they, too, may benefit from sNPWT.

Maintaining incisional integrity for
7 days postoperatively may mitigate
wound dehiscence. Anticoagulated pa-
tients are at higher risk of bleeding and
developing a hematoma perioperatively.
Applying pressure on the incision and
subcutaneous tissues was noted to pre-
vent blood and/or fluid from collecting
in dead spaces. Incisional NPWT also
has shown utility in reducing the inci-
dence of SSC after spinal fusion for re-
ducing wound dehiscence and postoper-
ative infection.®

Total knee arthroplasty has been re-
moved from the Medicare inpatient-only
list of procedures. It is exempt from ap-
plying the 3-midnight rule, so it can now
be performed in an outpatient setting.*'
Overall, NPWT has been found effective
in reducing complications and re-inter-
vention after total knee arthroplasty.®*%

Recommendation: Because it has been
shown to reduce postsurgical complications in
several orthopedic procedures (including total
knee and hip arthroscopy), SNPW'T can help

expedite discharge.

woundsresearch.com

Abdominal surgery

Surgical site complication incidence
after open abdominal surgery is particu-
larly high;in a prospective cohort study,
the rate was 16.3%. Based on a meta-anal-
ysis®® of 13 studies, the use of closed-inci-
sional NWPT showed a decrease in SSI,
especially in high-risk patients. A 2020

Cochrane review®

concluded that pro-
phylactic SNPWT appeared superior to
conventional dressings in preventing SSI
in closed laparotomy incisions in general
and colorectal surgery.

A prospective cohort study by Law-
rence et al*? of 300 consecutive patients
who underwent pancreaticoduodenec-
tomy showed the implementation of
a 4-part bundle that included a dou-
ble-ring wound protector, gown/glove
and drape change before fascial closure,
irrigation of the wound with bacitracin
solution, and a negative pressure wound
dressing decreased SSI rate from 22% to
11%, even though patients undergoing
colorectal surgical procedures such as
laparotomies and ostomies are perceived
to be at higher risk of seroma, hematoma,
and infection due to the large surface area
and the presence of interstitial fluid.

Recommendation: Knowing the high
prevalence of complications following abdom-
inal surgery, SNPWT should be used to pre-

vent or reduce the complexities of healing.

Obstetrical and gynecological
surgery

A retrospective analysis®® of 1233 pa-
tients undergoing laparotomy for known
or suspected gynecological cancer found
sNPWT reduced both superficial and
deep infections compared with standard
dressings. Additionally, the number of all
adverse wound outcomes was reduced in
high-risk patients. Hyldig et al’! noted that
prophylactic use of SNPWT after cesarean
section reduced SSI. Panelists experienced
with patients undergoing obstetrical and
gynecologic surgery advocated for using
sNPWT in patients with risk factors that

Supported by Smith+Nephew.

Insights From an International Panel

included increased prepregnancy BMI
(generally, >35 kg/m?), diabetes, nicotine
use, presence of a large pannus, use of
immunosuppressive medications, patients
with a long preoperative stay, and patients
with repeat cesarean sections. Panel mem-
bers also noted that re-explorations of
the abdomen and repeat cesarean sections
were additional risk factors for SSC and
acknowledged sNPWT could provide
preventive benefits. Of note, emergency
cesarean section has a slightly increased
risk of SSI compared with elective.*

In addition to the clinical benefits
observed with sNPWT, a review of the
literature®” found infections following ce-
sarean sections can be painful and trau-
matic for women at a time when they
would rather be focused on taking care
of their newborn. A narrative review®
has shown that peripartum infection has
health implications on the neonate later
in life, including alterations in the neo-
nate microbiome associated with child-
hood obesity, atopic and allergic disease,
and higher asthma rates.

Using sNPWT to

prevent infection or complications after a ce-

Recommendation:

sarean section has the potential to impact the

patient and newborn positively.

Cardiac surgery

A review of the literature® found post-
operative SSC following cardiac surgery
is associated with significant morbidity
and mortality. Panelists recognized that
preventing mediastinal SSI (ie, thwarting
a superficial sternal wound infection from
progressing to a deeper infection with si-
nus track) could significantly decrease
morbidity and the overall cost of care.
Single-use NPWT could be a worth-
while intervention.

To help stratify infection risk in pa-
tients undergoing coronary artery bypass
grafting (CABG), Raja et al” developed
the Brompton Harefield Infection Score
(BHIS). The BHIS includes diabetes,
BMI of 35 kg/m? or higher, female sex,
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emergency procedure, and left ventric-
ular ejection fraction higher than 45%.
Panelists similarly agreed that patients
perceived to be at high risk of wound
dehiscence and potentially mediastinitis
include persons with diabetes and obesity.
The panelists also believed low albumin,
poor tissue due to age or steroids, prior
methicillin-resistant ~ Staphylococcus — au-
reus infection, and previous sternotomies
also should be considered risk factors.
Secondary risks may include emergen-
cy surgeries and people who smoke and
may or may not have chronic obstructive
pulmonary disease. Panelists advocated
using SNPWT over sternotomy incisions;
reports supporting this recommendation
have been published in this surgical spe-
cialty. The literature includes a compara-
tive study’' showing that the use of sNP-
WT reduces the risk of superficial sternal
infection in off-pump CABG with left
internal mammary harvest and a survey
indicating a decrease in incisional com-
plications, mediastinitis, and superficial
SSIs, as well as an economic benefit.

A systematic review and meta-anal-
ysis
complications or those with postoper-

> showed patients at risk for wound

ative sternal dehiscence may be closed
with rigid fixation with titanium plates.
Similar to orthopedic surgeries involving
metal implants, sternotomies closed with
additional hardware may benefit from us-
ing SNPWT to protect the incision from
bacterial contamination and keep the in-
cision stable (ie, reduce lateral tension).
Recommendation: Using sNPWT in pa-
tients who underwent cardiac surgery may help

prevent infection and keep the incision stable.

Plastic surgery

Galiano et al® treated 200 patients
who had a bilateral reduction mammo-
plasty with sNPWT for up to 14 days
utilizing  within-person  comparison
to assess outcomes. Significantly fewer
healing complications were noted in

NPWT-treated breasts (113; 56.8%) as
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compared with standard care of adhesive
strips covered with gauze or a nonad-
herent dressing (123; 61.8%; P =.004).
As observed by day 21, NPWT also low-
ered the incidence of dehiscence (32 pa-
tients; 16.2%) vs the 52 patients (26.4%)
who received standard care by day 21
(P <.001). In a pilot study (N = 10),
Fang et al”® used sSNPWT on deep infe-
rior epigastric perforator flap abdominal
donor site incisions for reconstructions.
The flap harvest site creates a large inci-
sion, and the authors found significant
improvement in scar pigmentation, vas-
cularity, and pliability over time with no
SSC noted in the treatment group.

Risk factors for SSC in breast recon-
struction after mastectomy are similar to
other types of surgeries—namely diabe-
tes, obesity, and nicotine use, with the
added challenge of cancer treatments in-
cluding perioperative radiation and che-
motherapy.”” Timely healing after breast
reconstruction facilitates prompt com-
mencement of adjuvant therapy. Authors
of a small case study® suggested SNPWT
would help reduce healing time and pre-
vent complications.

In addition, plastic surgeons often are
called upon to assist other specialties in
the closure of complex orthopedic, on-
cological, or general surgical procedures,
some of which could be contaminated
after trauma or from abdominal contents.

Recommendation:  Patients  requiring
plastic surgery and who may have operative
risk factors for SSC could benefit from using
SNPWT to decrease infection, antibiotic use,

reoperation, and hospital stay.

Inclusion of SNPWT in Care
Bundles
Clinical care

The panel agreed that designing clinical
systems using risk stratification, a bundled
perioperative approach, and team commu-
nication can greatly decrease surgical com-
plications. An increasing number of clinical

groups and hospitals have employed a care

Supported by Smith+Nephew.

bundle approach for perioperative man-
agement and/or to predict postoperative
complications. Critical to a bundle ap-
proach is that all elements of the bundle
must be performed to see a difference in
outcomes; preventing SSC by utilizing a
stratified, proactive approach is the primary
goal of the care bundle.

Risk stratification. The CDC Nation-
al Healthcare Safety Network'' includes
guidance for developing a risk stratifi-
cation protocol for specific procedures
and documenting and reporting surgical
complications. Programs using a formal
risk assessment process should delineate
team members (ie, surgeons, nurses, ad-
vanced practice professionals) to deter-
mine which patients will benefit from
using SNPWT. The key should be inter-
disciplinary collaboration; the panel sug-
gests meetings as frequently as every 2
weeks to discuss patient outcomes, com-
plications, and strategies for improvement.

Recommendation: The panel believed
identifying patients at risk _for complications is
paramount to demonstrating where SNPW'T

can be most effective.

Care team approach. Perioperative suc-
cess should include a collaborative team
approach among all team members,
the

nurses, surgical

including surgeon, perioperative

trainees, nutritionists,
endocrinologists (to manage diabetes),
and wound care specialists (hospital and
community) for pre- and post-procedure
evaluation and management. Identifying
wound irregularities early in the post-
operative course by patients, caregivers,
home nurses, or general practitioners can
prevent future serious complications.

A retrospective review” and a clinical
trial”* demonstrated safety interventions
that combine teamwork training and sys-
tems rationalization are more effective
than either approach alone. Therefore,
developing a program comprising quan-
titative results with explanations of the

causal relationship between interventions
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and outcomes may positively influence
surgical outcomes.” A qualitative study”
has shown that although surgeons often
are identified as key players in adherence,
they are not always aware of compliance
with guidelines for SSI prevention, de-
spite the preponderance of evidence.
They may feel challenged to change per-
sonal and professional behavior to comply
with protocols and checklists. Providing
an environment and culture focused on
safety may help offset clinician reticence
to adopt protocol changes.”
Recommendation: All players on the
health care team must understand and accept
their roles and the rationale for the interven-

tions that need to be put in place.

Single-use NPWT as part of
surgical care bundles

Single-use NPWT has become a note-
worthy part of these protocols.®*®! A re-
cent consensus document,”
sive meta-analyses,” and the UK NICE*

review of the published clinical evidence

comprehen-

recommend using SNPWT for patients at
risk of developing SSC, as does a system-
atic literature review and meta-analysis.”
Although clear in their conclusions, these
publications do not offer explicit guidance
on how to successfully adopt and incor-
porate the use of SNPWT in their organi-
zations. The presence of preoperative risk
factors, as identified by the CDC Hospital
Infection Control Advisory Committee,”
the Society for Healthcare Epidemiology
of America,” Infectious Diseases Society
of America,® and ACS and Surgical In-
fection Society guidelines," support using
sNPWT postoperatively.
Recommendation: Panel members agreed
that a canister-free SNPW'T device should be

used as part of a surgical bundle.

Examples of bundles. Care bundles uti-
lized to decrease SSI include a protocol
for colorectal care™ and scheduled cesare-
an sections.® Institutions may use a formal

ERAS™ protocol to minimize the risk of
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+ Comprehensive pre-operative testing

+ SSCrisk factor identification

* Nasal decolonization \
+ Blood glucose optimization

+ Chlorhexidine gluconate wipes night
before surgery

+ Clear liquids after midnight (not NPO)
+ Skin closure with sutures

+ Appropriate use of perioperative
antibiotics

+ Maintenance of warm OR temperature /

+ Standardizing incisional management
with SNPWT

+ Early referral to wound care team if
complication

+ Education of care givers, patient, family

S~

Insights From an International Panel

Risk Factors for SSC

Diabetes
Obesity (BMI>35)

Poor nutrition
Immunosuppression
Nicotine use
Advanced age
Long perioperative hospital stay
Emergency procedure
Presence of hardware
Previous MRSA infection

Figure 1. Care bundle for surgical procedures. Risk factors for surgical site compli-
cations can be identified as part of the care bundle and used to support incisional

management with SNPWT.

BMI: body mass index; MRSA: methicillin-resistant Staphylococcus aureus; NPO: not to
eat or drink after midnight the night before surgery; OR: operating room; sSNPWT: sin-
gle-use negative pressure wound therapy; SSC: surgical site complication

SSC that includes early patient identifica-
tion, comprehensive preoperative testing,
clear liquids after midnight instead of nil
by mouth, strict glucose management, an-
timicrobial wipes (either total body or sur-
gical site depending on hospital protocol),
maintenance of normothermia (>36°C),
warm room temperatures during surgery,
and standardized dressings using SNPWT
(Figure 1). Procedures for the cesarean
section bundle might describe: nasal de-
colonization, blood glucose optimization,
a chlorhexidine gluconate wash chin to
toes the night before surgery, skin closure
with sutures (vs staples), perioperative
antibiotics given at the appropriate time,
sNPWT dressing applied to the incision
for up to 7 days, wound specialist consult
immediately (should an issue arise), and
patient and family education.

A study involving 7 hospitals’”® demon-
strated a decreased incidence of SSI was
achieved when a strong workplace safety
culture was cultivated among the surgical
team. A few of the changes implemented
were feedback and communication about
error, continuous improvement initia-

tives, and administrative support.

Supported by Smith+Nephew.

The patient’s role

As part of the care bundle, patients
should be educated about early recog-
nition of wound infection and how to
report symptoms immediately for treat-
ment. Any dressing that protects the
wound by keeping it covered and sealed,
such as sSNPWT, may help avoid the need
for systemic antibiotics beyond perioper-
ative use. Surgeons and others involved
in perioperative care should be acutely
aware of being good stewards of postop-
erative antibiotic use.

Recommendation: Care team members
need to ensure suigical patients are informed
about and involved in their care and monitored

throughout the healing process.

The need to reassess

Periodic and thoughtful reassessment
is essential to any care bundle. Evaluat-
ing the preoperative assessment tool for
thoroughness is critical, allowing for revi-
sion as needed. Monitoring whether the
surgical team routinely reviews all preop-
erative data to develop a comprehensive
perioperative risk assessment is essential.

For example, the incision (regardless of
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¢ Inform administration e Patient data collected e Patients do well

e Procedures e Edema postoperatively
* Joint replacements * Range of motion * High patient
e SNPWT * Pain satisfaction

e Targeted surgeons,
nurse managers,
hospital managers

e Administration willing

reduces edema,
discomfort/pain

e Earlier mobilization
and better range of

mobility

motion to support use of
e Earlier hospital device
discharge

Figure 2. Example of steps to take to include sNPWT in a care bundle for joint replace-
ment, including identifying stakeholders and elucidating goals, collecting data and
reporting results.

SNPWT: single-use negative pressure wound therapy

¢ High rate of infection o SNPWT * Readmission rate
noted « Evaluate as part of substantially decreased

o1 year duration routine clinical practice * Cost- benefit analysis

* Readmissions for SSC on 90 at-risk patients positive in high risk

e Risk factors ¢ Data collected on patients
readmissions for SSC e Data presented to

* Obesi
. Immutr:locompromise rEEe i

. ¢ Administration agrees to
¢ diabetes

establish use of SNPWT
e Phenomenographic
analysis 2 years later
o Patients with high
satisfaction rate

Figure 3. Sample audit and pilot program using sSNPWT for gynecological/obstetrical
surgeries including purpose of the program, specific risk-based protocol and data
points, and review of results.

SSC: surgical site complication; SNPWT: single-use negative pressure wound therapy

Define the clinical Implement SNPWT
population at risk within the peri-operative
care pathway

Establish the financial case
for change

«Procedural volume for the defined
population
#SSC incidence in the defined population

«Current expenditure for the episode of
care {treatment of the SSCs)
*LoS / bed days
*Readmission
*Re-intervention
*Qut-patient follow-up care
*Community follow-up

e Risk factors
* Patient
® Procedural
* Perioperative
e Intra-operative

* Capture all patients in
the defined population
through pre-operative
screening and
identification

* Apply SNPWT as
Vs standard of care in the
define population in
*Cost difference of SNPWT compared
theatre

with current incisional dressing in the

defined population * Embed practice change

with continual
communication and
education

Figure 4. Establishing and embedding the use of prophylactic, incisional single-use
negative pressure wound therapy as the standard postoperative management for the
prevention of surgical site complications, including infection.

LoS: length of stay; SSC: surgical site complication; SNPWT: single-use negative pressure
wound therapy
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sSNPWT should be

evaluated postoperatively at regular inter-

implementation)

vals, and the patient, family, and/or nurses
educated on the identification of compli-
cations, such as redness, blistering (around
or under the dressing), pain, itching, or
fever. Because the adhesive drape of the
sNPWT device is transparent, any skin
changes can be observed. Patients should
be provided written educational mate-
rials specific to incision care and infor-
mation on the SNPWT device, including
contact information on who can answer
questions or concerns.

Recommendation. Care team members
need to ensure the bundle is working to achieve

good outcomes.

Follow-up

Some panel members noted that post-
operative follow-up could fall below the
standard expectations unless there is a
commitment from all perioperative team
members and education of the patient,
family, and caretakers. In some sectors,
sNPWT is used indiscriminately with no
standardization.

Recommendation. Postoperative care should
include monitoring the extended use of SNPWT

Health economics

Adding SNPW'T to a care bundle: panel
members” experiences. The panel identified
several barriers to change related to con-
vincing clinical and administrative stake-
holders to change practice and standard
of care. Individual panel members expe-
rienced varying success while attempting
to provide SNPWT for all (or at least the
highest risk) patients. Several panelists
were required to make a formal request
to their hospital/institution’s value anal-
ysis commiittee.

Demonstrating value must go beyond
a like-for-like cost per unit comparison
as a function of procedural volume. The
upfront cost of purchasing an sNPWT
device for a specific patient population

should be compared with the current
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expenditure for treating SSCs (including
infection). Considerations include the
clinical and financial burdens of additional
inpatient days, readmissions, and/or surgi-
cal reintervention in that same population
(le, cost-effectiveness). Not all surgeons
consider efficacy compared with the stan-
dard practice. Often, the conversation be-
gins by citing a complicated surgical pa-
tient on whom sNPWT was applied with
good results. Once information is shared
regarding successful sSNPWT use on a
broader range of patients, skeptical clini-
cians may be asked instead to explain why
they would choose not to use SNPWT.
Some panel members advocated limit-
ing SNPWT use to the patients at highest
risk because it may not be cost-effective
for all patients. For example, routine pro-
cedures on healthy patients who, in ag-
gregate, do not carry a high risk of com-
plications may not have the same rate of
SSC and hence not benefit from sNPWT.
The use of sSNPWT was advocated in
high-consequence patients, such as a
healthy patient undergoing joint replace-
ment, who may not necessarily be at high
risk for SSI, but where the consequences
of a deep infection could be catastrophic.
In some settings, a more defined ap-
proach to wound management may be
better than providing SNPWT across the
board. If sNPWT use has been identified
for a patient preoperatively, the device
and dressings could be sent to the oper-
ating room along with the patient. If the
patient was identified as not needing the
device, no device would be readily avail-
able, thus preventing indiscriminate use.
Gaining acceptance. Several panelists de-
scribed that once the financial data were
presented to hospital administration with
cost savings described, including prevent-
ing emergency room visits and readmis-
sions for infection or other complications,
sNPWT usually was approved. Surgeons
on the panel in private practice, where no
formal vetting process must be approved,

had more freedom to use a new product.
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However, additional costs associated with
SSC can be much more burdensome in
private practice. It was noted that rural
health care systems and those in a public
health domain receive less funding than
their counterparts in private systems. In
public hospitals, the decision-making
process is much more rigorous; adding
sNPWT to the formulary is much more
challenging.

Overall, the panel concluded that using
sNPWT can potentially reduce postoper-
ative expenses, which can far outweigh the
initial outlay of funds.'* Some surgeons on
the panel hoped to use their own surgical
specialty clinical and cost data to support
the use of sSNPWT throughout their hos-
pital system as a whole. Examples of care
bundles are presented for orthopedics and
obstetrics in Figures 2 and 3.

In summation, strong economic evi-
dence and clinical data reviewed regularly
are critical to incorporating an sSNPWT
device into a care bundle or protocol
(Figure 4). Current informed opinion and
research support incorporating sSNPWT

into surgical site care bundles.
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