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Abstract

To determine the effective indications of closed-incisional negative-pressure

wound therapy (ciNPWT) following total hip or knee arthroplasty, this system-

atic review and meta-analysis was conducted. The systematic search was per-

formed on MEDLINE, Embase, and Cochrane Library, and 11 studies were

included. The studies comparing between ciNPWT and conventional dressings

were categorised into following subgroups based on patient risk and revision

procedures: routine vs high-risk patient; primary vs revision arthroplasty.

Pooled estimates were calculated for wound complication and surgical site

infection (SSI) rates in the subgroup analyses using Review Manager. In high-

risk patients, the overall rates of wound complication (odds ratio [OR] = 0.38;

95% confidence interval [CI] 0.15-0.93; P = .030) and SSI (OR = 0.24; 95%

CI = 0.09-0.64; P = .005) were significantly lower in the ciNPWT; however,

there were no differences in routine patients. In cases involving revision

arthroplasties, the overall rates of wound complication (OR = 0.33; 95%

CI = 0.18-0.62; P < .001) and SSI (OR = 0.26; 95% CI = 0.11-0.66; P = .004)

were significantly lower in the ciNPWT; however, there were no differences in

cases involving primary arthroplasties. In summary, ciNPWT showed a posi-

tive effect in decreasing the rates of wound complication and SSI in high-risk

patients and in revision arthroplasties.
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1 | INTRODUCTION

Total hip arthroplasty (THA) and total knee arthroplasty
(TKA) are the most common and successful operations in
modern medicine.1,2 However, persistent surgical site
complications (SSCs), such as wound complications and
surgical site infection (SSI) after THA and TKA, are

major sources for periprosthetic joint infection (PJI) and
remain concerns to orthopaedic surgeons.3-6 Despite the
low incidence, deep PJI has a devastating impact on not
only the heath burden but also the distress or the eco-
nomic burden to patients.3,7-9

Given its considerable burden, great efforts to identify
preoperative risk factors and to prevent SSCs and PJI in
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various ways have been made to date. Previous studies
have demonstrated that the risk of SSCs and PJI can be
significantly different based on the individual patient and
the surgical risk factors.2,6,10,11 Tan et al2 demonstrated
that a patient's comorbidities and the revision procedures
should be considered as valid risk factors for PJI and the
incidence of developing PJI can vary from 0.6% to 20.6%
based on the risk factors. Because patients with certain
risk factors are frequently associated with SSCs, a variety
of dressing materials were applied to prevent SSCs.4,12,13

However, the proper indication and the best choice of
dressing materials for wound management after THA
and TKA still remains unclear.

Closed-incisional negative-pressure wound therapy
(ciNPWT) has been recently developed and has shown
better efficacy in decreasing SSCs than conventional
dressings after THA or TKA.3,4,10,14 Although a recent
study showed the routine application of ciNPWT to all
patients to be a cost-effective intervention to reduce SSCs
after primary THA and TKA,15 the cost of ciNPWT appli-
cation is substantially increased over that of conventional
dressings.

Therefore, we designed a systematic review and meta-
analysis to determine the effective indication for ciNPWT
in wound management following THA or TKA. We asked
the following questions: Does the use of ciNPWT follow-
ing THA or TKA compared with conventional dressings
reduce the incidence of wound complication or SSI in
(a) high-risk patients compared with routine patients?
and (b) revision arthroplasties compared with primary
arthroplasties?

2 | MATERIALS AND METHODS

2.1 | Literature search

The present systematic review followed the recommenda-
tion of the Cochrane review methods. Based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines,16 multiple comprehensive
literature databases, including PubMed (MEDLINE),
Embase, and the Cochrane Library were searched for
studies that reported on the outcomes of ciNPWT in
wound management following THA or TKA up to
September 1st, 2019 using a prior search strategy. There
were no restrictions on language or the year of publica-
tion. The search terms used in the title, abstract, Medical
Subjects Heading, and keywords fields included the fol-
lowing search methodology: (“ciNPT” OR “ciNPWT” OR
“closed incisional negative pressure therapy” OR “closed
incisional negative wound therapy” OR “negative pres-
sure wound therapy” OR “NPWT” OR “vacuum assisted

closure” OR “VAC”) AND [(“TKA” OR “total knee
arthroplasty” OR “total knee replacement” OR
“arthroplasty, replacement, knee”) OR (“THA” OR “total
hip arthroplasty” OR “total hip replacement” OR
“arthroplasty, replacement, hip”)]. Manual searches were
also performed for articles that could have been missed
by the electronic search.

2.2 | Study selection

Two reviewers independently evaluated titles and
abstracts of the identified studies and selected eligible
studies for a full review. If the abstract showed insuffi-
cient information for a decision, the full text of the article
was reviewed. Articles that satisfied the following criteria
were selected in this systematic review: (a) patients who
underwent THA or TKA using ciNPWT for their surgical
incisions; (b) studies that directly compared ciNPWT and
conventional dressings in terms of wound complications
and SSI; and (c) studies that fully reported the complete
numbers of patients or enabled the calculation of the
number and proportion of patients regarding wound
complications and SSI. Studies not clearly reporting data
regarding either wound complication or SSI, indicating
vague definition of terms between wound complication
and SSI, biomechanical and cadaveric studies, technical

Key Messages

• the application of closed-incisional negative-
pressure wound therapy (ciNPWT) reduced the
incidence of wound complication and surgical
site infection (SSI) in high-risk patients and in
revision procedures after total hip arthroplasty
or total knee arthroplasty compared with con-
ventional dressings

• our findings would support the evidence to
determine effective indication for ciNPWT
application in high-risk patients and in revi-
sion arthroplasties

• the wound complication and SSI were signifi-
cantly less likely to occur in the high-risk
patients or in revision arthroplasties using
ciNPWT compared with conventional
dressings

• there were no significant differences of wound
complication and SSI in routine patients or in
primary arthroplasties between ciNPWT and
conventional dressings
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notes, letters to the editor, expert opinions, review arti-
cles, meta-analyses, scientific conference abstracts, and
case reports were excluded. A study of cohorts undergo-
ing ciNPWT for periprosthetic fractures of THA and TKA
was also excluded.

2.3 | Data extraction

Two investigators independently extracted data from
each article using a predefined data extraction form. Any
disagreements between two reviewers were solved by dis-
cussion. The extracted outcomes were SSCs including
wound complications and SSI. Wound complications
included wound discharge, wound dehiscence, hema-
toma, and seroma. The number of overall wound compli-
cations was reported in most included studies, if not, we
added the number of specific wound complications. SSIs
included both superficial and deep infection. Patient
demographic, characteristic, and population data includ-
ing sample size, mean age, sex, mean body mass index
(BMI), and follow-up period were recorded for each
included study. If the follow-up periods for wound com-
plications and SSI were different, each follow-up period
was separately recorded. Details of wound management
such as the specific material and duration of dressing
changes were extracted from each included study. Details
of study indications were also extracted from pooled stud-
ies such as whether routine patients were included or
high-risk patients having comorbidities were included,
and whether primary and/or revision and THA and/or
TKA was performed.

2.4 | Assessment of methodological
quality

Two investigators independently assessed the methodo-
logical quality of each study using the methodological
index for non-randomised studies (MINORS).17 Using the
MINORS checklist, the maximum score is 24 for a com-
parative study. Furthermore, MINORS has validity to
assess the qualities of randomised controlled trials
(RCTs) as well as non-randomised studies. Any discrep-
ancies in the scores between the two reviewers were
resolved by discussion.

3 | STATISTICS

Wound complication and SSI data recorded in the
included studies were pooled. The main outcomes of
the present study were mean differences in wound

complication and SSI between ciNPWT and conventional
dressings based on subgroups of patients as follows: rou-
tine patients vs high-risk patients; primary arthroplastis
vs revision arthroplastis. Thus, subgroup analyses of the
studies were performed to determine the effective indica-
tion of ciNPWT after THA or TKA. Random-effects meta-
analyses were performed to pool the outcomes across the
included studies. Binary outcomes, such as the rates of
wound complication and SSI were reported as odds ratios
(ORs) and 95% confidence intervals (CIs). Heterogeneity
was determined by estimating the proportion of between-
study inconsistencies because of actual differences
between studies, rather than differences because of ran-
dom error or chance, using the I2 statistic, where 25%
was considered low heterogeneity, 50% was considered
moderate heterogeneity, and 75% was considered high
heterogeneity. Forest plots were used to show the out-
come, pooled estimate of effect, and overall summary
effect of each study and constructed using the Review
Manager software (RevMan version 5.3; Copenhagen,
The Nordic Cochrane Centre, The Cochrane Collabora-
tion). A meta-regression analysis was performed to assess
the effects of age, sex, and follow-up period on wound
complication and SSI. Analyses were performed using
RevMan version 5.3 and Open Meta-Analyst (http://
www.cebm.brown.edu/openmeta). Statistical significance
was set at P < .05.

4 | RESULTS

4.1 | Identification of studies

Figure 1 shows the detail of the study identification,
inclusion, and exclusion. An electronic search yielded
51 studies in PubMed (MEDLINE), 31 in Embase, and
35 in the Cochrane Library. An additional study was
identified through manual searching. After removing
52 duplicate studies, 66 studies remained. After screening
the titles and abstracts, and reading the full text, 55 stud-
ies were excluded. Thus, 11 studies were finally included
in the present study, of which eight RCTs3,4,18-23 and
three cohort studies10,14,24 were eligible for data extrac-
tion and meta-analysis.

4.2 | Study characteristics and
methodological quality assessment

A total of 1997 cases of THA or TKA were reported
including 763 cases with ciNPWT management and
1234 cases with conventional wound management. The
details of the study design and patient and population
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characteristics including age, percentage of female, mean
BMI, follow-up period, and MINORS quality score of
each included study are summarised in Table 1. The
median MINORS score of the included studies was 20 of
24 (range 16-24). The details of wound management in
ciNPWT and conventional wound dressings, the specific
study indications for patients at risk, and the type of sur-
gery are described in Table 2. Publication bias was not
investigated for as it is not generally necessary when
meta-analyses include fewer than 10 studies.25

4.3 | Routine patients vs high-risk
patients

In terms of wound complication, there were 6 studies
with a total of 548 and 801 routine patients who received

ciNPWT and conventional dressings, respectively. The
overall rate of wound complication in routine patients
was not significantly different between the ciNPWT and
the conventional dressings (OR= 0.52; 95% CI = 0.21-1.33;
P = .17). Four studies included a total of 165 and
383 high-risk patients for wound complication who
received ciNPWT and conventional dressings, respec-
tively. The overall rate of wound complication in high-
risk patients was significantly lower in the ciNPWT group
than in the conventional dressings, and the summary OR
was 0.38 (95% CI = 0.15-0.93; P = .03) (Figure 2A). In
terms of SSI, there were five studies with a total of
539 and 791 routine patients who received ciNPWT and
conventional dressings, respectively. The overall rate of
SSI in routine patients was not significantly different
between the ciNPWT and the conventional dressings
(OR = 0.49; 95% CI = 0.22-1.11; P = .09). Five studies

FIGURE 1 Flow diagram

showing the Preferred Reporting Items

for Systematic Reviews and Meta-

Analyses (PRISMA) methodology
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included a total of 215 and 433 high-risk patients who
received ciNPWT and conventional dressings, respec-
tively. The overall rate of SSI in high-risk patients was
significantly lower in the ciNPWT group than in the con-
ventional dressings, and the summary OR was 0.24 (95%
CI = 0.09-0.64; P = .005) (Figure 2B).

4.4 | Primary arthroplasty vs revision
arthroplasty

In terms of wound complication, there were 8 studies
with a total of 561 and 955 patients who received
ciNPWT and conventional dressings, respectively, follow-
ing primary arthroplasty. The overall wound complica-
tion rate in primary arthroplasty was not significantly
different between the ciNPWT and the conventional
dressings (OR = 0.59; 95% CI = 0.25-1.40; P = 0.23).
Three studies included a total of 152 and 229 patients for
wound complication who received ciNPWT and conven-
tional dressings, respectively, after revision arthroplasty.
The overall wound complication rate in revision
arthroplasty was significantly lower in the ciNPWT group
than in the conventional dressings, and the summary OR
was 0.33 (95% CI = 0.18-0.62; P < .001) (Figure 3A). In
terms of SSI, there were 7 studies with a total of 552 and
945 patients who received ciNPWT and conventional
dressings, respectively, following primary arthroplasty.
The overall rate of SSI in primary arthroplasty was not
significantly different between the ciNPWT and the con-
ventional dressings (OR = 0.54; 95% CI = 0.26-1.12;
P = .10). Four studies included a total of 202 and
279 patients who received ciNPWT and conventional
dressings, respectively, following revision arthroplasty.
The overall rate of SSI in revision arthroplasty was signif-
icantly lower in the ciNPWT group than in the conven-
tional dressings, and the summary OR was 0.26 (95%
CI = 0.11-0.66; P = .004) (Figure 3B).

4.5 | Meta-regression analysis

The results of the meta-regression analyses are shown in
Table 3. Patient characteristics including age, sex, and
follow-up were not significantly associated with the rates
of wound complication and SSI.

5 | DISCUSSION

Recent studies, differing in indications of surgical or
patient risk factor, have reported outcomes of ciNPWT
after THA or TKA. Although most outcomes were shownT
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to be effective, the application of ciNPWT to all postoper-
ative wounds would lead to considerable economic bur-
den. Therefore, we performed this systematic review and
meta-analysis to assess the effective indications for
ciNPWT in wound management following THA or TKA.
The most important findings of this study are that wound
complication and SSI were significantly less likely to
occur in high-risk patients or in revision arthroplasties
using ciNPWT compared with conventional dressings.
Conversely, there were no significant differences of
wound complication and SSI in routine patients or in pri-
mary arthroplasties between ciNPWT and conventional
dressings.

The number of the arthroplasties is expected to
increase dramatically with the ageing population of
late,26 and the ageing population is likely to have several
comorbidities. Patients with comorbidities have been
shown to increase the risk of both SSC and PJI2,6,27; thus,
accurate risk stratification of patients for SSC and PJI fol-
lowing THA or TKA is essential. Bozic et al28 identified
specific patient comorbidities such as rheumatoid dis-
ease, obesity, coagulopathy, and preoperative anaemia
that were independently associated with an increased
risk of PJI following THA. Namba et al27 analysed 56 216
TKAs and demonstrated obesity, diabetes mellitus,
male sex, American Society of Anesthesiologists score
of ≥3, and posttraumatic arthritis are patient factors
associated with PJI. Furthermore, several studies have
similarly shown that comorbidities associated with
immune deficiency, such as renal, rheumatologic, and
liver disease, are related with SSC and PJI.2,29-31

Although many studies have sought to identify risk
factors for SSC and PJI, there are relatively little stud-
ies that have suggested a method to reduce SSC and
PJI in patients having those risk factors, except for
controlling or compensating for the comorbidities.
Thus, the results of our study indicate that ciNPWT
could be a new solution for reducing the wound com-
plication and SSI risk in high-risk patients with comor-
bidity after THA or TKA.

The prevalence of revision THA and TKA have been
increasing with time as primary arthroplasties that have
been performed in the past decades require revision and
the surgical indications for primary arthroplasties had
been broadened recently.10,14,26,32 Compared with primary
arthroplasties, the revision procedure of THA or TKA
requires a longer surgical time, has a longer surgical inci-
sion and results in more difficult wound healing because
of the previous scar, which frequently causes SSC and con-
sequently increases the risk of PJI.2,4,10,18,33 Many studies
have identified that the revision procedure is one of the
most crucial risk factors for SSC and PJI after THA or
TKA, resulting in poorer clinical outcomes, longer hospitalT
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stay, and greater economic burden.1,2,28,34-36 Although sev-
eral attempts to decrease the infection risk during the revi-
sion procedure have been shown such as using antibiotic-
laden cement, an irrigation solution of antibiotics, and
prophylactic antibiotics, the efficacy of those attempts
remains unclear.27,37,38 Given wound-related complica-
tions are a great concern for revision arthroplasty, our

results identified that ciNPWT significantly reduced
wound complication and SSI in revision THA or TKA
compared with conventional dressings.

Increasingly, ciNPWT systems have been applied to
high-risk wounds in various fields and showed a notable
efficacy of reducing SSC.39-42 Specific to patients follow-
ing THA or TKA in our study, the use of ciNPWT

FIGURE 2 Forest plots showing the overall rates of wound complication, A, and surgical site infection (SSI), B, between the ciNPWT

and control groups in routine patients and high-risk patients. In routine patients, there were no differences in the rates of wound

complication and SSI between the two groups. However, in high-risk patients, the overall rates of wound complication (odds ratio

[OR] = 0.38; 95% CI = 0.15-0.93; P = .03) and SSI (OR = 0.24; 95% CI = 0.09-0.64; P = .005) were significantly lower in the ciNPWT group.

ciNPWT, closed-incisional negative-pressure wound therapy
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similarly showed significantly lower rates of wound com-
plication and SSI in high-risk patients and in revision
arthroplasties than with conventional dressings. Clearly,
ciNPWT offers several potential benefits to improve
wound healing and prevent SSI of closed surgical inci-
sions. One important explanation may be a reduction of
the relative motion on incisional edges by mechanical
stabilisation.43,44 Another explanation includes reducing
dead space, subcutaneous hematoma, and seroma, and

improving perfusion and lymphatic flow, all of which
contribute to a better environment for wound
healing.23,44,45 Other explanations may include that
ciNPWT keeps surgical wounds sterile in the role of a
mechanical barrier and requires fewer dressing changes
and a longer duration from the initial application.10,46-48

We acknowledge several limitations of this study. The
heterogeneity of the demographic data among included
studies, including differences in age, sex distribution, as

FIGURE 3 Forest plots showing the overall rates of wound complication, A, and surgical site infection (SSI), B, between the ciNPWT

and control groups in primary arthroplasty and revision arthroplasty. In primary arthroplasty, there were no differences in the rates of

wound complication and SSI between the two groups. However, in revision arthroplasty; the overall rates of wound complication (odd ratio

[OR] = 0.33; 95% CI = 0.18-0.62; P < .001) and SSI (OR = 0.26; 95% CI = 0.11-0.66; P = .004) were significantly lower in the ciNPWT group.

ciNPWT, closed-incisional negative-pressure wound therapy
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well as differences in follow-up duration, may be poten-
tial confounding factors. However, our meta-regression
analysis showed that age, sex distribution, BMI, and
follow-up were not significantly associated with rates of
wound complication and SSI. Although surveillance for
the first 12 months after THA and TKA is
recommended,49,50 only three included studies3,10,20 had
more than 12 months of follow-up. However, wound-
related SSI is likely to occur in the acute setting51 and a
follow-up duration of less than 12 months might be
acceptable to evaluate the efficacy of the ciNPWT system
on wound management. Second, studies differing in the
indication of patient comorbidities might include selec-
tion bias. Although a small difference in the specific indi-
cation of comorbidities might be a potential selection
bias, the details of the indication had a similarity among
the included studies of high-risk patients according to
Table 2. Third, included studies were fewer in subgroups
of high-risk patients and revision arthroplasty than in the
subgroups of routine patients and primary arthroplasty,
which might include confounding factors. However, the
present study has a strength as the first systematic review
and meta-analysis regarding this topic because ciNPWT
has recently started to be administered to patients under-
going THA or TKA. Finally, we could not perform a cost-
effectiveness analysis of the ciNPWT system because of a
lack of published studies.

In conclusion, the current study showed that the
application of ciNPWT reduced the incidence of wound
complication and SSI in high-risk patients and in revision
procedures after THA or TKA compared with conven-
tional dressings. Our findings suggest that ciNPWT
should be considered for high-risk patients and in revi-
sion procedures for wound management following THA
or TKA.
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