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Abstract

Background: Closed-incision negative pressure wound therapy (ciNPT) has shown

promising effects for managing infected wounds. This meta-analysis explores the cur-

rent state of knowledge on ciNPT in orthopedics and addresses whether ciNPT at

�125 mmHg or �80 mmHg or conventional dressing reduces the incidence of surgi-

cal site complications in hip and knee arthroplasty.

Methods: This meta-analysis was conducted according to the Preferred Reporting

Items for Systematic Review and Meta-analysis (PRISMA) guidelines and Cochrane

Handbook. Prospective randomized controlled trials (RCTs) with ciNPT use compared

to conventional dressings following hip and knee surgeries were considered for inclu-

sion. Non-stratified and stratified meta-analyses of six RCTs were conducted to test

for confounding and biases. A P value less than .05 was considered statistically

significant.

Results: The included six RCTs have 611 patients. Total hip and knee arthroplasties

were performed for 51.7% and 48.2% of the included population, respectively. Of

611 patients, conventional dressings were applied in 315 patients and 296 patients

received ciNPT. Two ciNPT systems have been used across the six RCTs; PREVENA

Incision Management System (�125 mmHg) (63.1%) and PICO dressing (�80 mmHg)

(36.8%). The non-stratified analysis showed that the ciNPT system had a statistically

significant, lower risk of persistent wound drainage as compared to conventional

dressing following total hip and knee arthroplasties (OR = 0.28; P = .002). There was

no difference between ciNPT and conventional dressings in terms of wound hema-

toma, blistering, seroma, and dehiscence. The stratified meta-analysis indicated that

patients undergoing treatment with high-pressure ciNPT (120 mmHg) displayed sig-

nificantly fewer overall complications and persistent wound drainage (P = .00001

and P = .002, respectively) when compared to low-pressure ciNPT (80 mmHg) and
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conventional dressings. In addition, ciNPT is associated with shorter hospital

stays. (P = .005).

Conclusion: When compared to conventional wound dressing and �80 mmHg

ciNPT, the use of �125 mmHg ciNPT is recommended in patients undergoing total

joint arthroplasty.

K E YWORD S

conventional dressing, negative pressure wound therapy, surgical site complications, total hip
arthroplasty, total knee arthroplasty

1 | INTRODUCTION

Surgical site complications (SSCs)— including delayed incision healing,

prolonged incision drainage, seromas and hematomas, incision

abscesses, and surgical site infections (SSIs)—are potential adverse

outcomes occurring after orthopedic surgeries. In chronic cases, this

can cause physical, mental, or emotional disability.1 Between the

years of 1993 and 2005, the need for THA and TKA in the

United States almost doubled.2 During a similar 10-year period in

Canada, there was an 86.6% increase.3 A significant increase in the

need for THA and TKA between the years of 2005 to 2012 was also

observed in Europe.4 As a result, patient hospital stays increased,

which in turn raised healthcare costs.5 In 2017, the Centers for Dis-

eases Control and Prevention (CDC) published guidelines for the pre-

vention of surgical infection on the basis of a literature search and

review of studies published from 1998 to 2014.6 Recommendations

included that patients should shower or bathe with soap or an anti-

septic wash before surgery. Antimicrobial prophylaxis is advised and

might be administered in a timed modality for different surgical inci-

sions, such as adding a bactericidal agent at the time of the incision.

The implementation of perioperative glycemic control is advised;

using blood glucose target levels less than 200 mg/dL is advised as

diabetes is a significant risk factor for SSI.7

Guidelines are uncertain for prosthetic joint arthroplasty, with

the exception of blocking the use of additional antimicrobial treat-

ment in the operating room (OR) after incisions are closed. Past

protocols have used several perioperative and postoperative pro-

cedures to avoid SSCs.8 Open wounds have been treated with a

cotton gauze dressing soaked with a variety of antiseptic solutions,

such as Lavasept 0.04%, hydrogen peroxide 3%, Octenisept 0.1%,

povidone-iodine 10%, and chlorhexidine digluconate 20%, to

decrease bacterial load during total joint arthroplasty (TJA).6,9

Various types of wound dressings have been used, including glue-

based and hydrofiber dressings with or without silver impregna-

tion. In particular, a silver hydrofiber dressing (Aquacel Ag Surgical

Dressing, ConvaTec, Princeton, NJ) has been studied for its effec-

tiveness to prevent infection.10 Antibiotic-loaded bone cement

(ALBC) has wide use in Europe8 but remains controversial in the

United States of America due to potential resistance and toxicity

of antibiotics.11 The Food and Drug Administration (FDA)

approved only six low-dose ALBCs to be used in the second stage

surgery of a two-stage exchange for periprosthetic joint infection

(PJI).11

In orthopedics, closed-incision negative pressure therapy

(ciNPT) was first documented in 2006.12 It was recommended for

use in patients at risk of developing postoperative incision infec-

tion in 2016 by an international multidisciplinary consensus.13

Saleh et al found that postoperative drainage at 5 days or greater

was associated with a 12.7 times increased likelihood to develop

PJI in patients undergoing knee and hip arthroplasties.14 Several

studies have shown the benefits of ciNPT in patients undergoing

primary elective hip and knee arthroplasties.15-17 Reduction in SSI,

hospital stays, hematoma and seroma formation, and healthcare

costs have been observed in trauma arthroplasty and spinal frac-

tures.16-18 Few different portable ciNPT systems that have been

commercially available. Both systems are disposable battery

powered device with an absorbent layer-based peel-and-place

dressing primarily designed for closed incisions. However, these

systems vary in the applied pressure (at �125 mmHg vs

�80 mmHg) and design characteristics. Although there is current

solid evidence that supports the superiority of any of these sys-

tems, there are few randomized controlled trials comparing each

ciNPT system with conventional dressings. Further studies are

needed to assess the efficacy of ciNPT and stratify the outcome

based on the applied pressure. Thus, the aim of this study was to

perform a meta-analysis exploring the current state of knowledge

on the application of ciNPT in orthopedics and to address whether

ciNPT at �125 mmHg or �80 mmHg or conventional dressing

reduces the incidence of surgical site complications in hip and knee

arthroplasty.

2 | MATERIALS AND METHODS

2.1 | Protocol

This systematic review and meta-analysis were conducted according

to the preferred Reporting Items for Systematic Review and Meta-

analysis (PRISMA) guidelines and the Cochrane Handbook.19 This

meta-analysis is exempt from ethics approval because we collected
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and synthesized data from previous clinical trials in which informed

consent has already been obtained by the trial investigators.

2.2 | Literature search

A detailed comprehensive literature search was performed twice in

PubMed, Web of Science, and EMBASE in the time period between

January and August 2020. The following keywords were used:

(“negative pressure wound therapy” OR “negative pressure therapy”
OR “vacuum-assisted closure” OR “NPWT”) OR “closed incision

negative pressure wound therapy” OR “closed incision negative

pressure therapy”) AND (“Arthroplasty, Replacement, Knee” OR

“Arthroplasty, Replacement, Hip”[Mesh] AND “total knee”[All
Fields] OR “total hip”[All Fields]. Time frame keywords were not

included in search terms.

2.3 | Eligibility criteria

Exclusion and inclusion were derived from PICO [Population, Intervention,

Comparison and Outcome] and non-PICO-based exclusion taxonomy (eg,

language, article not available or duplicate data/study). All prospective ran-

domized controlled trials (RCTs) published in the English language, regard-

less of number of patients investigating the use of ciNPT following hip

and knee surgeries, as compared to conventional dressings were consid-

ered for inclusion. Exclusion criteria applied were studies in languages

other than English, meta-analysis studies, pre-clinical studies (ie, animal or

bench studies), veterinary studies, conference abstracts, reviews, expert

opinions, protocols; non-clinical reports, and unpublished studies.

PICO criteria:

• Population: All RCTs, prospective non-randomized, and retrospec-

tive cohort studies that included patients underwent Hip and knee

surgeries.

• Intervention: ciNPT

• Comparison; conventional dressings

• Outcome:

� Primary outcomes:

• Non-stratified and stratified meta-analysis of the incidence

of the following:

• Overall complications

• Persistent wound drainage

• Wound infection

• Wound blistering

• Wound dehiscence

• wound seroma

• Wound hematoma

� Secondary outcomes:

• Re-admission rate

• Length of hospital stay (LOHS)

2.4 | Study selection

Two independent reviewers screened abstracts and manuscripts

derived by the search and selected eligible papers based on the eligi-

bility criteria. Some articles were excluded by reviewing the inclusion

criteria in the title or abstract. All other studies required full text

review in order to determine relevance.

2.5 | Data glean from eligible studies

Two reviewers (KE and MEA) extracted information from all eligi-

ble publications independently. A data collection sheet was

established to sort quantitative and qualitative information for

analysis. The data were extracted using the following variables:

(a) demographics and characteristics (author, country of trial, year

of publication, patients number, age, sex, and BMI). (b) surgery

characteristics (type of surgery, type of anesthesia, and postopera-

tive drain); and (c) intervention characteristics (type of system,

pressure, conventional dressing, and therapy duration). In addition,

primary outcome variables (incidence of infection, blistering,

dehiscence, seroma, bruising, hematoma, persistent wound drain-

age, drop in hemoglobin level, and transfusion rate) and secondary

outcomes (length of hospital stay and rate of readmission) were

also extracted (Table 1).

2.6 | Risk of bias assessment of randomized
controlled trials

We used the Cochrane collaboration's assessment tool for risk of

bias19 to assess the methodological bias of included RCTs. The follow-

ing items that were assessed included the randomization, allocation

concealment, blinding, incomplete outcome data (attrition bias), and

selective reporting (reporting bias).

2.7 | Synthesis of results

We used Prism (version 5.0.0, graphpad) to analyze the data. We reported

descriptive statistics including the mean, SD, range, and median. We used

a Pearson correlation coefficient for normally distributed data. Mean dif-

ferences with their corresponding 95% confidence intervals (CIs) were

generated for continuous outcome data, and risk ratios (RRs) with 95%

CIs were generated for dichotomous data. A P value less than .05 was

considered statistically significant. I2 values were calculated to estimate

the heterogeneity among the included studies. In the presence of homo-

geneity (I2 < 50%), the fixed effects model was used to estimate the over-

all effects. If there was significant heterogeneity among included studies,

the random effects model was used. The meta-analysis was undertaken

using RevMan 5.3 software. We analyzed sensitivity and specificity by

using an online tool (MedCalc Diagnostics, MedCalc software).
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3 | RESULTS

3.1 | Literature search and study selection

Our search strategy identified 2947 publications for possible meta-

analysis inclusion. A manual search through the screened publications

produced an additional 14 articles. After duplicates were removed,

453 full-text articles were screened for eligibility to the inclusion criteria.

After screening, 447 studies were excluded due to irrelevant population

(n = 176), intervention (n = 248), comparison (n = 5), or outcome

(n = 18). After eligibility screening, six RCTs met the inclusion criteria

(Figure 1).

3.2 | Characteristics of included studies

The six included RCTs assessed 611 patients. Total hip and knee

arthroplasties were performed for 51.7% and 48.2% of the included popu-

lation, respectively. The mean age across the included studies was

66 years old, ranging from 62.5 to 70.5 years. Fifty-two percent of the

included population were female across the RCTs. The average body mass

index (BMI) was 29.8 across the studies. Of the 611 patients, conventional

dressings were applied in 315 patients, and 296 patients received ciNPT.

Two ciNPT systems were used across the six RCTs; PREVENA Incision

Management System (KCI, San Antonio, TX) (�125 mmHg) (63.1%) and

PICO Single Use Negative Pressure Wound Therapy (Smith & Nephew,

Hull, UK) (�80 mmHg) (36.8%). In three RCTs, the conventional dressing

used was dry sterile dressing (DSD). Hydrocolloid dressing, Mepore/

Tegaderm, and Aquacel (ConvaTec, Princeton, NJ) were represented in

the other three RCTs16,20,21 (Figure 2A). The average length of hospital

stays in ciNPT and conventional dressing (CD) groups was 4.16 ± 0.72

and 5.03 ± 0.84 days, respectively (Figure 2C). The incidence of complica-

tions within ciNPT and CD groups was 16.7% and 29.7%, respectively.

The �125 mmHg ciNPT use was associated with lower rate of complica-

tions (15.5%), as compared to the�80 ciNPT use (23.8%) (Figure 2B).

3.3 | Geographical distribution of the included
studies

Six RCTs (611 patients) with study periods between 2012 and 2019

have compared ciNPT to CD following total hip and knee arthroplasties.

A total of 33.3% (2/6)20,23 of the studies were conducted in Australia,

whereas the other four trials came from the United States (1/6),21

United Kingdom (1/6),16 Italy (1/6),22 and Germany (1/6).24

3.4 | Risk of bias assessment of randomized
controlled trials

Of the six RCTs, all studies reported the methodology of the random

sequence generation either briefly or in detail.16,20-24 However, alloca-

tion concealment was not clearly described. High-performance and

detection biases were noted across the six trials. Notably, blinding of

participants and personnel was quite difficult. Regarding attrition bias,

there were missing data and reported loss to follow-up in half of the

included studies16,20,21 (Figure 2D).

3.5 | Sensitivity analysis

Using MedCalc, we calculated the sensitivity, specificity, and positive

and negative likelihood ratios of both �125 mmHg and �80 mmHg

compared to conventional dressings. The sensitivity of �125 mmHg

ciNPT system as a tool to reduce the incidence of surgical site compli-

cations across the studies was 74.24%, and the specificity was

55.42%. However, the sensitivity of �80 mmHg ciNPT system across

the studies was 54.93%, and the specificity was 50.32%, as compared

to the conventional dressings (Tables 2 and 3).

4 | PRIMARY OUTCOMES

4.1 | The non-stratified meta-analysis of
complications between ciNPT and conventional
dressings

4.1.1 | Meta-analysis of non-stratified incidence of
complications

All six studies16,20-24 reported the incidence of complications. There

was statistically significant heterogeneity in the studies (P = .0004; I2

= 78%). Using the random effects model, the outcome results rev-

ealed that conventional dressings had a higher risk of complications as

compared to ciNPT following total hip and knee arthroplasties. How-

ever, there was no statistically significant difference between groups

(OR = 0.42; 95% CI: 0.13 to 1.33; P = .14) (Figure 3A).

4.1.2 | Meta-analysis of the non-stratified incidence
of persistent wound drainage

Four studies,16,21,23,24 which included 325 patients, reported the inci-

dence of persistent wound drainage. There was no statistically significant

heterogeneity in the studies (P = .60; I2 = 0%). Using the fixed effects

model, the outcome results revealed that the ciNPT system had a statisti-

cally significant lower risk of persistent wound drainage as compared to

conventional dressing following total hip and knee arthroplasties

(OR = 0.28; 95% CI: 0.12 to 0.63; P = .002) (Table 4 and Figure 3B).

4.1.3 | Meta-analysis of non-stratified incidence of
wound infection

Three studies,16,20,21 which included 438 patients, reported inci-

dence of wound infection. There was no statistically significant

ELHAGE ET AL. 5 of 15



heterogeneity in the studies (P = .72; I2 = 0%). Using the fixed

effects model, the conventional dressings had higher risk of wound

infection as compared to ciNPT following total hip and knee

arthroplasties. However, there was no statistically significant dif-

ference between groups (OR = 0.40; 95% CI: 0.17 to 0.94;

P = .04) (Table 4 and Figure 3C).

4.1.4 | Meta-analysis of non-stratified incidence of
wound blistering

Four studies,16,21-23 which included 522 patients, reported wound

blistering. There was statistically significant heterogeneity in the stud-

ies (P = .007; I2 = 75%). Using the random effects model, the results

revealed no statistically significant difference in the incidence of

blistering between ciNPT and conventional dressing (OR = 1.51; 95%

CI: 0.16 to 13.82; P = .72) (Table 4 and Figure 3D).

4.1.5 | Meta-analysis of non-stratified incidence of
wound dehiscence

Two studies,20,21 which included 229 patients, reported the inci-

dence of wound dehiscence. There was no statistically significant

heterogeneity in the studies (P = .44; I2 = 0%). Using the fixed

effects model, the outcome results revealed no statistically signifi-

cant difference in the incidence of wound dehiscence between

ciNPT and conventional dressing following total hip and knee

arthroplasties (OR = 0.39; 95% CI: 0.07 to 2.07; P = .27) (Table 4

and Figure 3E).

F IGURE 1 Flowchart
showing search strategy and
study identification, inclusion,
and exclusion

6 of 15 ELHAGE ET AL.



F IGURE 2 (A) Bar graphs showing characteristics of included studies including distribution of the included
population, (B) incidence of wound complications, (C) length of hospital stay, (D) risk of bias assessment of randomized control
trials (RCTs)
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4.1.6 | Meta-analysis of non-stratified incidence of
wound seroma

Two studies,20,21 which included 89 patients, reported the incidence

of wound seroma. There was no statistically significant heterogeneity

in the studies (P = .02; I2 = 81%). Using the random effects model,

there was no statistically significant difference in the incidence of

wound seroma between ciNPT and conventional dressing following

total hip and knee arthroplasties (OR = 0.76; 95% CI: 0.01 to 62.69;

P = .90) (Table 4 and Figure 4A).

4.1.7 | Meta-analysis of non-stratified incidence of
wound hematoma

Three studies,16,20,21 which included 438 patients, reported the inci-

dence of wound hematoma. There was no statistically significant het-

erogeneity in the studies (P = .53; I2 = 0%). Using the fixed effects

model, the results revealed no statistically significant difference in the

incidence of wound hematoma between ciNPT and conventional

dressing following total hip and knee arthroplasties (OR = 1.32; 95%

CI: 0.32 to 5.43; P = .70) (Table 4 and Figure 4B).

4.2 | The stratified meta-analysis of complications
between ciNPT and conventional dressings based on
the applied pressure and type of surgery

4.2.1 | Meta-analysis of stratified incidence of
complications using the �125 mmHg ciNPT system

Three studies,21,23,24 which included 232 patients, reported the inci-

dence of complications using �125 mmHg ciNPT. There was no

statistically significant heterogeneity in the studies (P = .28; I2 = 21%).

Using the fixed effects model, the outcome results revealed that the

�125 mmHg ciNPT system had a statistically significant, lower risk of

complications as compared to conventional dressings following total hip

and knee arthroplasties (OR = 0.20; 95% CI: 0.10 to 0.41; P < .00001)

(Table 4 and Figure 5A).

4.2.2 | Meta-analysis of stratified incidence of
persistent wound drainage using the �125 mmHg
ciNPT system

Three studies,21,23,24 which included 232 patients, reported the inci-

dence of persistent wound drainage using the �125 mmHg ciNPT

system. There was no statistically significant heterogeneity in the

studies (P = .55; I2 = 0%). Using the fixed effects model, the results

revealed that �125 mmHg ciNPT system use had a statistically signifi-

cant lower risk of persistent wound drainage as compared to conven-

tional dressing (OR = 0.23; 95% CI: 0.09 to 0.59; P = .002) (Table 4

and Figure 5B).

4.2.3 | Meta-analysis of stratified incidence of
blistering using the �125 mmHg ciNPT system

Two studies,21,23 which included 213 patients, reported the incidence

of blistering using the �125 mmHg ciNPT system. There was no sta-

tistically significant heterogeneity in the studies (P = .25; I2 = 25%).

Using the fixed effects model, the outcome results revealed no statis-

tically significant difference in the incidence of blistering between the

�125 mmHg ciNPT system and conventional dressing (OR = 1.24;

95% CI: 0.18 to 8.50; P = .83) (Table 4 and Figure 5C).

4.2.4 | Meta-analysis of stratified incidence of
complications using the �80 mmHg ciNPT system

Three studies,16,20,22which included 379 patients, reported the

incidence of complications using the �80 mmHg ciNPT system.

There was statistically significant heterogeneity in the studies

(P = .002; I2 = 84%). Using the random effects model, the outcome

results revealed that there was no statistically significant difference in

the incidence of complications between the �80 mmHg ciNPT system

and conventional dressing following total hip and knee arthroplasties

(OR = 0.62; 95% CI: 0.12 to 3.32; P = .58) (Table 4 and Figure 5D).

4.2.5 | Meta-analysis of stratified incidence of
blistering using the �80 mmHg ciNPT system

Two studies,16,22 which included 309 patients, reported the incidence

of blistering using the �80 mmHg ciNPT system. There was statisti-

cally significant heterogeneity in the studies (P = .001; I2 = 91%).

TABLE 2 Sensitivity analysis of ciNPT at �125 mmHg

Sensitivity analysis of ciNPT at �125 mmHg

Statistic Value 95% CI

Sensitivity 25.76% 15.78% to 38.01%

Specificity 44.58% 36.87% to 52.48%

Positive likelihood ratio 0.46 0.30 to 0.72

Negative likelihood ratio 1.67 1.33 to 2.08

TABLE 3 Sensitivity analysis of ciNPT at �125 mmHg

Sensitivity analysis of ciNPT at �80 mmHg

Statistic Value 95% CI

Sensitivity 45.07% 33.23% to 57.34%

Specificity 49.68% 43.96% to 55.40%

Positive likelihood ratio 0.9 0.68 to 1.18

Negative likelihood ratio 1.11 0.87 to 1.40
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F IGURE 3 (A) Forest plots showing non-stratified incidence of overall complications, (B) non-stratified incidence of persistent wound
drainage, (C) non-stratified incidence of wound infection, (D) non-stratified incidence of wound blistering, (E) non-stratified incidence of wound
dehiscence
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Using the random effects model, the outcome results revealed no sta-

tistically significant difference in the incidence of blistering between

the �80 mmHg ciNPT system and conventional dressing (OR = 1.82;

95% CI: 0.04 to 81.46; P = .76) (Table 4 and Figure 5E).

4.2.6 | Meta-analysis of stratified incidence of
complications following THA

Three studies,16,20,24 which included 205 patients, reported the inci-

dence of complications following THA. There was no statistically sig-

nificant heterogeneity in the studies (P = .010; I2 = 78%). Using the

fixed effects model, the outcome results revealed that there was no

statistically significant difference in the incidence of complications

between the ciNPT system and conventional dressing following THA

(OR = 1.16; 95% CI: 0.55 to 2.46; P = .70) (Table 4 and Figure 6A).

4.2.7 | Meta-analysis of stratified incidence of
complications following TKA

Two studies16,23 which included 147 patients, reported the incidence of

complications following TKA. There was no statistically significant hetero-

geneity in the studies (P = .29; I2 = 12%). Using the fixed effects model,

there was no statistically significant difference in the incidence of compli-

cations between the ciNPT system and conventional dressing following

TKA (OR = 0.41; 95% CI: 0.10 to 1.64; P= .21) (Table 4 and Figure 6B).

4.2.8 | Meta-analysis of stratified incidence of
wound infection following THA

Two studies,16,21 which included 275 patients, reported the incidence

of wound infection following THA. There was no statistically

TABLE 4 Significant results from non-stratified (A) and stratified (B) meta-analyses

Outcome Number of Studies Statistic Model

Difference between approaches Heterogeneity

OR/MD 95% CI P value I2 (%) P value

A. Non-stratified meta-analysis of ciNPT vs conventional dressings

Favors ciNPT system

Persistent wound drainage 4 Fixed 0.28 0.12 to 0.63 .002** 0% .60

Length of Hospital Stay 3 Fixed �0.81 �1.37 to �0.24 0.005** 0% .90

Stratified meta-analysis of ciNPT based on the applied pressure

Favors high pressure (-125 mmHg ciNPT system)

Overall complications 3 Fixed 0.20 0.10 to 0.41 <.00001*** 21% .28

Persistent wound drainage 3 Fixed 0.23 0.09 to 0.59 .002** 0% .55

Note: Applies to all legends with forest plots.

Abbreviations: CD, conventional dressing; Chi2, chi-square test; CI, confidence interval; ciNPT, closed-incision negative pressure therapy; I2, heterogeneity;

M-H, Mantel-Haenszel test; OR, odds ratio, Tau2, variance.

**P ≤ .01, ***P ≤ .001.

F IGURE 4 (A) Forest plots showing non-stratified incidence of wound seroma, (B) non-stratified incidence of wound hematoma
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F IGURE 5 (A) Stratified incidence of complications using (�125 mmHg) closed-incision negative pressure wound therapy (ciNPT),
(B) stratified incidence of persistent wound drainage using �125 mmHg ciNPT, (C) Forest plots showing stratified incidence of wound blistering
using �125 mmHg ciNPT, (D) stratified incidence of complications using (�80 mmHg) ciNPT, (E) stratified incidence of wound blistering using
�80 mmHg ciNPT
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F IGURE 6 (A) Stratified incidence of complications in total hip arthroplasty (THA) population (B) stratified incidence of complications in total
knee arthroplasty (TKA) population, (C) and stratified incidence of wound infection in THA population, (D) Forest plots showing non-stratified rate
of re-admission (E) length of hospital stay between ciNPT and conventional dressings
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significant heterogeneity in the studies (P = .96; I2 = 0%). Using the

fixed effects model, there was no statistically significant difference in

the incidence of wound infection between the ciNPT system and con-

ventional dressing following THA (OR = 0.42; 95% CI: 0.15 to 1.20;

P = .10) (Table 4 and Figure 6C).

5 | SECONDARY OUTCOMES

5.1 | Meta-analysis of the readmission rate

Two studies,20,21 which included 229 patients, reported the

readmission rate. There was no statistically significant heterogeneity

in the studies (P = .10; I2 = 63%). The fixed effects model revealed

that there was no statistically significant difference in the rate of

readmission between ciNPT use and conventional dressing

(OR = 1.08; 95% CI: 0.54 to 2.15; P = .83) (Table 4 and Figure 6D).

5.2 | Meta-analysis of length of hospital
stay (LOHS)

Three studies16,20,21 reported the length of hospital stay in ciNPT and

conventional dressings groups. There was no statistically significant

heterogeneity in the studies (P = .90, I2 = 0%). When the fixed effects

model was used, the results indicated that the ciNPT group had a

shorter length of stay (19.44 hours less) as compared to the conven-

tional dressing group (MD = �0.81; 95% CI: �1.37 to �0.24;

P = .005) (Table 4 and Figure 6E).

6 | DISCUSSION

In this study, we performed a stratified and non-stratified meta-

analysis of six RCTs. The stratified meta-analysis was based on the

pressure applied and on the type of surgery performed. To our knowl-

edge, this is the first meta-analysis investigating the efficacy of

�125 mmHg ciNPT compared to �80 mmHg ciNPT and conventional

dressing. The non-stratified meta-analysis showed a significant

decrease in the incidence of wound drainage and LOS in patients

treated with ciNPT compared to patients treated with conventional

dressings. In contrast, no significant decrease in the incidence of

wound complications in general, and, in particular, of infection, blister-

ing, dehiscence, seroma, hematoma, and readmission was found.

However, in several meta-analyses, risks of developing a certain con-

dition were lower, although not significant, such as in the case of

wound complications and infections. Readmission rates were also

lower compared to patients treated with conventional dressing. The

stratified meta-analysis showed that �125 mmHg ciNPT significantly

decreased the incidence of wound complications and drainage com-

pared to conventional dressings. Recently, it has been observed that

the amount of drainage from wounds is a predictor of wound infec-

tions and prosthetic joint infection,25 suggesting that the application

of �125 mmHg ciNPT might be consequential in preventing an envi-

ronment favorable to bacterial growth. Requirements of a higher pres-

sure for better outcomes were already shown in 2001, when

Morykwas et al investigated the effect of negative pressures ranging

from 0 to �400 mmHg with 25 mmHg increments. They found that

maximum blood flow was achieved at �125 mmHg pressure.26 Higher

pressures were found to be effective in keeping a drier wound envi-

ronment due to stronger sucking action reaching deeper in the

wounds.27 This is essential for certain types of hydrophilic dressings

that are known to retain more liquids and have been shown to stabi-

lize the wound and decrease pain.28,29 Stratified meta-analysis based

on THA or TKA showed no statistically significant differences in the

incidence of complications between ciNPT and conventional dressing

following total hip or knee arthroplasties. Regarding wound infections,

the stratified meta-analysis did not show statistical significance.

Closed incision negative pressure therapy can be used over a vari-

ety of incisions and has been shown to help hold incision edges

together, act as a barrier to external contamination, decrease lateral

tension of sutured or stapled incisions, and reduce edema30 Some

data are controversial because they are not consistent with a general

improvement of SSC in using ciNPT even though a trend toward

decreased infections is observed.31 A 2018 Cochrane study reporting

three mortality studies, 25 SSI studies, and 14 dehiscence studies

showed uncertainty regarding a significant benefit of ciNPT when

compared to control-treated patients.32 However, two recent meta-

analyses conducted by Singh et al in 2019 demonstrated that ciNPT

usage was associated with statistically significant reductions in rates

of SSIs as compared to conventional dressings.33,34 Specifically, for

the surgical procedure analysis that included THA, TKA, and hip and

knee periprosthetic fracture surgery, the results showed a significant

effect in favor of ciNPT over traditional dressings in reducing SSIs.33

Furthermore, the meta-analysis from the second Singh et al study

reported that patients in the control group were 3.17 times more

likely to develop an SSI compared with patients in the ciNPT group.34

Therefore, the need for additional data and studies has arisen.

In orthopedics, as well as in other surgical interventions, the appli-

cation of ciNPT was recommended by a panel analyzing the results of

100 publications between 2000 and 2015.10,13 Several studies have

shown the benefits of ciNPT in postoperative orthopedic surgery of

patients undergoing primary elective hip and knee arthroplasties and

revision surgeries including SSI, hospital stay, and healthcare cost

reductions.15-17,35 Data in the literature suggest that the average cost

for ciNPT is about 10 times higher than conventional dressings.20,23

Our results confirmed a shorter length of stay for patients treated

with ciNPT, which may balance the more expensive treatment, as

suggested in the literature.36

One potential complication of ciNPT use is the formation of skin

blisters, usually found in the peri-wound skin away from the surgical

incision.15,22,37 This may be related to improper application technique

and friction of negative pressure dressing on skin.15,38 Blisters are

more common in patients undergoing TKA37,38 and with the applica-

tion of polyurethane foam.22,37 Efforts have been aimed at developing

a new kind of silicone foam to decrease blister formation in TKA.22
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Our meta-analysis did not find any significance association between

blister formation and ciNPT use compared to conventional dressings,

regardless of the pressure applied, suggesting that a stratified analysis

may give more reliable and specific results. A meta-analysis by Awad

et al investigating published clinical trials on autologous bone marrow

mesenchymal stem cells in the repair of cartilage lesions of the knee

has proposed recommendations and guidelines for the required data

to be reported in future clinical trials.39 The authors proposed guide-

lines to the orthopedic research community to assure repeatability

and reproducibility of data. We propose that similar consistent guide-

lines should be implemented in clinical trials investigating ciNPT, such

as study design, patient characteristics, type of surgery, type of ciNPT

application, modality of the application, and postoperative protocol.

There are limitations to consider regarding this study. There were

inherent limitations within the current literature that compromised

our analyses. The literature lacks clinical studies that specifically com-

pare the two pressure systems to each other. Further RCTs comparing

both systems are required to make a clinically appropriate choice

between �125 mmHg and �80 mmHg ciNPT. The data may be het-

erogeneous, including demographic data, conventional dressing

applied, and follow-up information. The sample size becomes rela-

tively small when the stratified analysis is performed. Consistency is

another limitation - our data are not stratified by revision or primary

surgery and patients are not divided according to their comorbidities,

both of which have been shown to have a significant effect on compli-

cations.30 There was potential for bias in analyses deriving large pro-

portions of their sample size from a single study. In addition, each

individual study contained biases which may have affected this study's

outcomes, including attrition bias, reporting bias, detection bias, and

performance bias.

7 | CONCLUSION

Comparing outcomes in postoperative orthopedic patients in a strati-

fied and non-stratified meta-analysis, our findings suggest that ciNPT

displayed great benefits for patient quality of life and healthcare cost.

The stratified meta-analysis indicated that patients undergoing treat-

ment with �125 mmHg ciNPT displayed significantly fewer overall

complications and persistent wound drainage when compared to con-

ventional dressings, suggesting that �125 mmHg ciNPT might pre-

vent infections at a higher rate. Thus, it is recommended that

orthopedic surgeons utilize �125 mmHg ciNPT for postoperative

wound care in patients undergoing THA or TKA. Future studies that

account for comorbidities, have greater sample sizes, and stratifiy by

revision or primary surgery may be beneficial to the literature.

ACKNOWLEDGMENT

We thank and acknowledge the scientific insights and language edits

that have been done by Mr. Ricardo R Martinez, Dr. Julie Robertson,

Dr. Ms. Amy Law, Mr. Mark Morken, and Dr. Julissa Ramos (3 M Med-

ical Solutions Division).

CONFLICT OF INTEREST

Dr Saleh serves as a paid consultant for Aesculap/B.Braun, CONMED

Linvatec, 3 M-KCI foundation, and Ranfac Corp. Other co-authors

have no conflict of interest to disclose.

AUTHOR CONTRIBUTION

Conceptualization: Furqan Irfan, Joshua Lumbley, Gamal Mostafa,

Khaled J Saleh

Data Curation: Kareem Elhage, Mohamed Awad

Formal Analysis: Kareem Elhage, Mohamed Awad

Investigation: Furqan Irfan, Joshua Lumbley, Gamal Mostafa, Khaled J

Saleh

Project Administration: Furqan Irfan, Joshua Lumbley, Gamal Mostafa,

Khaled J Saleh

Supervision: Furqan Irfan, Joshua Lumbley, Gamal Mostafa, Khaled J

Saleh

Writing – Original Draft Preparation: Kareem Elhage, Mohamed Awad

Writing – Review & Editing: Furqan Irfan, Joshua Lumbley, Gamal

Mostafa, Khaled J Saleh

TRANSPARENCY STATEMENT

The authors affirm that this manuscript is an honest, accurate, and

transparent account of the study being reported; that no important

aspects of the study have been omitted; and that any discrepancies

from the study as planned (and, if relevant, registered) have been

explained. The contents of this systematic review do not neither

include any data from nor represent the views of the Department of

Veterans Affairs or the United States Government.

ORCID

Kareem G. Elhage https://orcid.org/0000-0002-2637-9341

Khaled J. Saleh https://orcid.org/0000-0002-7734-1933

REFERENCES

1. Andersson AE, Bergh I, Karlsson J, Nilsson K. Patients' experiences of

acquiring a deep surgical site infection: an interview study. Am J Infect

Control. 2010;38(9):711-717.

2. Tian W, DeJong G, Brown M, Hsieh CH, Zamfirov ZP, Horn SD. Looking

upstream: factors shaping the demand for postacute joint replacement

rehabilitation. Arch Phys Med Rehabil. 2009;90(8):1260-1268.

3. CJRR. Hip and Knee Replacements in Canada. Canadian Joint

Replacement Registry; 2006.1-73.

4. Lubbeke A, Silman AJ, Prieto-Alhambra D, Adler AI, Barea C, Carr AJ.

The role of national registries in improving patient safety for hip and

knee replacements. BMC Musculoskelet Disord. 2017;18(1):414.

5. Scalise A, Calamita R, Tartaglione C, et al. Improving wound healing

and preventing surgical site complications of closed surgical incisions:

a possible role of incisional negative pressure wound therapy. A sys-

tematic review of the literature. Int Wound J. 2016;13(6):1260-1281.

6. Berrios-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Dis-

ease Control and Prevention guideline for the prevention of surgical

site infection, 2017. JAMA Surg. 2017;152(8):784-791.

7. Marchant MH Jr, Viens NA, Cook C, Vail TP, Bolognesi MP. The

impact of glycemic control and diabetes mellitus on perioperative out-

comes after total joint arthroplasty. J Bone Joint Surg Am. 2009;91(7):

1621-1629.

14 of 15 ELHAGE ET AL.

https://orcid.org/0000-0002-2637-9341
https://orcid.org/0000-0002-2637-9341
https://orcid.org/0000-0002-7734-1933
https://orcid.org/0000-0002-7734-1933


8. Suleiman LI, Mesko DR, Nam D. Intraoperative considerations for

treatment/prevention of prosthetic joint infection. Curr Rev Mus-

culoskelet Med. 2018;11(3):401-408.

9. van Meurs SJ, Gawlitta D, Heemstra KA, Poolman RW, Vogely HC,

Kruyt MC. Selection of an optimal antiseptic solution for intraoperative

irrigation: an in vitro study. J Bone Joint Surg Am. 2014;96(4):285-291.

10. Kuo FC, Chen B, Lee MS, Yen SH, Wang JW. AQUACEL(R) ag surgical

dressing reduces surgical site infection and improves patient satisfac-

tion in minimally invasive Total knee arthroplasty: a prospective, ran-

domized. Controlled Study Biomed Res Int. 2017;2017:1262108.

11. Jiranek WA, Hanssen AD, Greenwald AS. Antibiotic-loaded bone

cement for infection prophylaxis in total joint replacement. J Bone

Joint Surg Am. 2006;88(11):2487-2500.

12. Gomoll AH, Lin A, Harris MB. Incisional vacuum-assisted closure ther-

apy. J Orthop Trauma. 2006;20(10):705-709.

13. Willy C, Agarwal A, Andersen CA, et al. Closed incision negative pres-

sure therapy: international multidisciplinary consensus recommenda-

tions. Int Wound J. 2017;14(2):385-398.

14. Saleh K, Olson M, Resig S, et al. Predictors of wound infection in hip

and knee joint replacement: results from a 20 year surveillance pro-

gram. J Orthop Res. 2002;20(3):506-515.

15. Kim JH, Kim HJ, Lee DH. Comparison of the efficacy between closed

incisional negative-pressure wound therapy and conventional wound

management after Total hip and knee arthroplasties: a systematic

review and meta-analysis. J Arthroplasty. 2019;34(11):2804-2814.

16. Karlakki SL, Hamad AK, Whittall C, Graham NM, Banerjee RD,

Kuiper JH. Incisional negative pressure wound therapy dressings

(iNPWTd) in routine primary hip and knee arthroplasties: a random-

ised controlled trial. Bone Joint Res. 2016;5(8):328-337.

17. Redfern RE, Cameron-Ruetz C, O'Drobinak SK, Chen JT, Beer KJ.

Closed incision negative pressure therapy effects on postoperative

infection and surgical site complication after Total hip and knee

arthroplasty. J Arthroplasty. 2017;32(11):3333-3339.

18. Nordmeyer M, Pauser J, Biber R, et al. Negative pressure wound ther-

apy for seroma prevention and surgical incision treatment in spinal

fracture care. Int Wound J. 2016;13(6):1176-1179.

19. Cochrane Handbook for Systematic Reviews of Interventions version

6.1: Cochrane; Sepetmber, 2020.

20. Gillespie BM, Rickard CM, Thalib L, et al. Use of negative-pressure

wound dressings to prevent surgical site complications after primary

hip arthroplasty: a pilot RCT. Surg Innov. 2015;22(5):488-495.

21. Newman JM, Siqueira MBP, Klika AK, Molloy RM, Barsoum WK,

Higuera CA. Use of closed incisional negative pressure wound ther-

apy after revision Total hip and knee arthroplasty in patients at high

risk for infection: a prospective, randomized clinical trial.

J Arthroplasty. 2019;34(3):554-9.e1.

22. Giannini S, Mazzotti A, Luciani D, et al. Postoperative wound manage-

ment with negative pressure wound therapy in knee and hip surgery:

a randomised control trial. J Wound Care. 2018;27(8):520-525.

23. Manoharan V, Grant AL, Harris AC, Hazratwala K, Wilkinson MP,

McEwen PJ. Closed incision negative pressure wound therapy vs con-

ventional dry dressings after primary knee arthroplasty: a randomized

controlled study. J Arthroplasty. 2016;31(11):2487-2494.

24. Pachowsky M, Gusinde J, Klein A, et al. Negative pressure wound

therapy to prevent seromas and treat surgical incisions after total hip

arthroplasty. Int Orthop. 2012;36(4):719-722.

25. Kremers K, Leijtens B, Camps S, Tostmann A, Koeter S, Voss A. Evalu-

ation of early wound leakage as a risk factor for prosthetic joint infec-

tion. J Am Assoc Nurse Pract. 2019;31(6):337-343.

26. Morykwas MJ, Faler BJ, Pearce DJ, Argenta LC. Effects of varying

levels of subatmospheric pressure on the rate of granulation tissue

formation in experimental wounds in swine. Ann Plast Surg. 2001;

47(5):547-551.

27. Huan S, Tay L. Four curious cases of closed-incision negative pressure

therapy (ciNPT). Cureus. 2020;12(5):e8193.

28. Fernandez LG, Matthews MR, Sibaja Alvarez P, Norwood S,

Villarreal DH. Closed incision negative pressure therapy: review of

the literature. Cureus. 2019;11(7):e5183.

29. Irwin TJ, Orgill D. Closed incision negative pressure wound therapy

after resection of large, radiated, soft tissue sarcomas. Cureus. 2020;

12(5):e8055.

30. Nam D, Sershon RA, Levine BR, Della Valle CJ. The use of closed inci-

sion negative-pressure wound therapy in Orthopaedic surgery. J Am

Acad Orthop Surg. 2018;26(9):295-302.

31. Ingargiola MJ, Daniali LN, Lee ES. Does the application of incisional

negative pressure therapy to high-risk wounds prevent surgical site

complications? A systematic review. Eplasty. 2013;13:e49.

32. Webster J, Liu Z, Norman G, et al. Negative pressure wound therapy

for surgical wounds healing by primary closure. Cochrane Database

Syst Rev. 2019;3:CD009261.

33. Singh DP, Gabriel A, Parvizi J, Gardner MJ, D'Agostino R Jr. Meta-

analysis of comparative trials evaluating a single-use closed-incision

negative-pressure therapy system. Plast Reconstr Surg. 2019;143(1S

Management of Surgical Incisions Utilizing Closed-Incision Negative-

Pressure Therapy):41S-46S.

34. Singh DP, Gabriel A, Silverman RP, Griffin LP, McGowan LD,

D'Agostino RB Jr. Meta-analysis comparing outcomes of two differ-

ent negative pressure therapy Systems in Closed Incision Manage-

ment. Plast Reconstr Surg Glob Open. 2019;7(6):e2259.

35. Cooper HJ, Bas MA. Closed-incision negative-pressure therapy ver-

sus antimicrobial dressings after revision hip and knee surgery: a com-

parative study. J Arthroplasty. 2016;31(5):1047-1052.

36. Stannard JP, Robinson JT, Anderson ER, McGwin G Jr, Volgas DA,

Alonso JE. Negative pressure wound therapy to treat hematomas and

surgical incisions following high-energy trauma. J Trauma. 2006;60(6):

1301-1306.

37. Howell DH, Hadley S, Strauss E, Pelham FR. Blister formation with

negative pressure dressings after total knee arthroplasty. Curr Orthop

Pract. 2011;22(2):177-179.

38. Wang L, Xu X, Cao JG, Liu J. Negative pressure wound therapy in

total hip and knee arthroplasty: a meta-analysis. J Comp Eff Res. 2019;

8(10):791-797.

39. Awad ME, Hussein KA, Helwa I, et al. Meta-analysis and evidence

base for the efficacy of autologous bone marrow mesenchymal stem

cells in knee cartilage repair: methodological guidelines and quality

assessment. Stem Cells Int. 2019;2019:3826054.

How to cite this article: Elhage KG, Awad ME, Irfan FB,

Lumbley J, Mostafa G, Saleh KJ. Closed-incision negative

pressure therapy at �125 mmHg significantly reduces surgical

site complications following total hip and knee arthroplasties:

A stratified meta-analysis of randomized controlled trials.

Health Sci Rep. 2022;5:e425. doi:10.1002/hsr2.425

ELHAGE ET AL. 15 of 15

info:doi/10.1002/hsr2.425

	Closed-incision negative pressure therapy at -125mmHg significantly reduces surgical site complications following total hip...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Protocol
	2.2  Literature search
	2.3  Eligibility criteria
	2.4  Study selection
	2.5  Data glean from eligible studies
	2.6  Risk of bias assessment of randomized controlled trials
	2.7  Synthesis of results

	3  RESULTS
	3.1  Literature search and study selection
	3.2  Characteristics of included studies
	3.3  Geographical distribution of the included studies
	3.4  Risk of bias assessment of randomized controlled trials
	3.5  Sensitivity analysis

	4  PRIMARY OUTCOMES
	4.1  The non-stratified meta-analysis of complications between ciNPT and conventional dressings
	4.1.1  Meta-analysis of non-stratified incidence of complications
	4.1.2  Meta-analysis of the non-stratified incidence of persistent wound drainage
	4.1.3  Meta-analysis of non-stratified incidence of wound infection
	4.1.4  Meta-analysis of non-stratified incidence of wound blistering
	4.1.5  Meta-analysis of non-stratified incidence of wound dehiscence
	4.1.6  Meta-analysis of non-stratified incidence of wound seroma
	4.1.7  Meta-analysis of non-stratified incidence of wound hematoma

	4.2  The stratified meta-analysis of complications between ciNPT and conventional dressings based on the applied pressure a...
	4.2.1  Meta-analysis of stratified incidence of complications using the -125mmHg ciNPT system
	4.2.2  Meta-analysis of stratified incidence of persistent wound drainage using the -125mmHg ciNPT system
	4.2.3  Meta-analysis of stratified incidence of blistering using the -125mmHg ciNPT system
	4.2.4  Meta-analysis of stratified incidence of complications using the -80mmHg ciNPT system
	4.2.5  Meta-analysis of stratified incidence of blistering using the -80mmHg ciNPT system
	4.2.6  Meta-analysis of stratified incidence of complications following THA
	4.2.7  Meta-analysis of stratified incidence of complications following TKA
	4.2.8  Meta-analysis of stratified incidence of wound infection following THA


	5  SECONDARY OUTCOMES
	5.1  Meta-analysis of the readmission rate
	5.2  Meta-analysis of length of hospital stay (LOHS)

	6  DISCUSSION
	7  CONCLUSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTION
	  TRANSPARENCY STATEMENT
	REFERENCES


