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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-
=.00001

and P = .002, respectively) when compared to low-pressure ciNPT (80 mmHg) and

nificantly fewer overall complications and persistent wound drainage (
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stays. (P = .005).

joint arthroplasty.
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1 | INTRODUCTION

Surgical site complications (SSCs)— including delayed incision healing,
prolonged incision drainage, seromas and hematomas, incision
abscesses, and surgical site infections (SSls)—are potential adverse
outcomes occurring after orthopedic surgeries. In chronic cases, this
can cause physical, mental, or emotional disability.® Between the
years of 1993 and 2005, the need for THA and TKA in the
United States almost doubled.? During a similar 10-year period in
Canada, there was an 86.6% increase.’> A significant increase in the
need for THA and TKA between the years of 2005 to 2012 was also
observed in Europe.* As a result, patient hospital stays increased,
which in turn raised healthcare costs.> 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.> 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.”

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 $5Cs.2 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).®°
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.!® 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.’*> The Food and Drug Administration (FDA)

conventional dressings. In addition, ciNPT is associated with shorter hospital

Conclusion: When compared to conventional wound dressing and —80 mmHg
ciNPT, the use of —125 mmHg ciNPT is recommended in patients undergoing total

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

approved only six low-dose ALBCs to be used in the second stage
surgery of a two-stage exchange for periprosthetic joint infection
(Pa). 1"

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.'®
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.'* Several
studies have shown the benefits of ciNPT in patients undergoing
primary elective hip and knee arthroplasties.*>"*” Reduction in SSI,
hospital stays, hematoma and seroma formation, and healthcare
costs have been observed in trauma arthroplasty and spinal frac-
tures.'®1® 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

21 | 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.'? 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:

e Population: All RCTs, prospective non-randomized, and retrospec-
tive cohort studies that included patients underwent Hip and knee
surgeries.

¢ Intervention: ciNPT

e Comparison; conventional dressings

e Outcome:

o Primary outcomes:

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

of the following:
e Overall complications
e Persistent wound drainage
e Wound infection
e Wound blistering
e Wound dehiscence
e wound seroma

¢ Wound hematoma

o Secondary outcomes:
e Re-admission rate
e Length of hospital stay (LOHS)

Open Access

24 | 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
bias!? 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 (Cls) were
generated for continuous outcome data, and risk ratios (RRs) with 95%
Cls were generated for dichotomous data. A P value less than .05 was
considered statistically significant. > values were calculated to estimate
the heterogeneity among the included studies. In the presence of homo-
geneity (12 < 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).



ELHAGE ET AL

Open Access

40f15 WI LEY—HeaIth Science Reports

VN VN VN

VN VN VN VN
sixejAydoud

AU VN 12 N

pue [es1way) VN €€ VN

VN 0§ VN

VN VN 0§ VN

VN VN 0 6 0L

VN VN VN 0 0T 0L

(OIMZ) WL 0 9L 9¢ 0S ¢ Ly €S
/(S199M 1)
VHL

‘unedexouy 0 €L A 4 € 9% 89

4 €C €T S T L 6C

VN LT €c €1 S T 8 0¢

Jo20304d siayjo sajdels sainng pasn Y0 VS VO
uopje|nseod uteiqg
-nuy

2INSO[2 PUNopp JnaYIsauy

VN
VN

VN
VN

(93

LT

61

LT

€
€

(ueaw)
sal}ipiqJowod
JON

VN
VN
VN
VN
VN
VN
99 €l
(074 (09
1T 09 €¢
IT 69 ¢
91 LT ¢
11 ¢¢ ¢

€ ¢ 1

uonesiisse[d
VSv

vHL VYNVN VN 2T99 6
Aewnd VN VN VN S0ZOT
WL 1z
Aewnd 6T vT 6£'6C 99 €¢
6T T€ L'[T 99 0S
vrl
uoisiAy 8T ¢€ ¢'8C 899 0S
o 6€ 61€ S9 6L
Vil S¥ S€  vee S9 08
6 €5 T0E 69 TOT
vrl
Aewud S5 2§ 8T T69 LOT
vva ) .
ypy 0C ST 66T 8¢€9sE
Aewnd /T 8T 86C GT9SE

AR8ing |A 4 (ueaw) (uesw)

INg 98y
Xas

S91pN3s papn[dul JO S3|qelIeA pue ‘sd13siialdeleyd uoiuaAIajul ‘9dAy Auadins ‘ejep oiydesSowaq

N uoneinp
uesj

‘Aysejdodayiue juiof |e303 ‘yrl ‘yoeoudde
Jouaiue 10a41p-Asejdoayie diy [e101 ‘Yyd-vHL ‘Adesayl aunssaad aAizeSsauU UoIsSIdUI-Pasold ‘| dNID :3UISSaJp [BUOIIUSAUOD ‘(D Xapul ssew Apoq ‘|INg ‘$1SI130]01saylsaue JO A1D100S uedLIsWY ‘YSY :SUOlIelnaIqqy

(VSN ‘oluojuy ues
‘103) ‘Adetayl DVA
3uissaip Aiq

(vsn

‘oluojuy ues ‘10)
wa)sAs YNIATYd
3uissaip Aig

™In

IINH ‘MaydaN 9
Yiws) 8uissaip ODlId

Sulssaip punom

yojed pue azned
2UIPOI-aUOPIAOd

SHWW GZT

8 SHww GZT

/[ 3Hww Q8

(vsn

‘oluojuy ues ‘|D3)
wa3sAs YNIAIYd
3v 130VNOV

oIn

IINH ‘MaydaN
Yiws) uissaip ODlId

(waspeda] Jo

2Joday) Buissaip
[eUOIIUSAUOD

Z< SHWW GZT

L SHww g

‘Oin

INH ‘maydaN 3
G SHww g Yyuws)3uissaip ODId
3u1SSaup plo||020pAH
(SHww)
ainssaid

1dNIP

an Aueus . Axsmoyoed

1dNP
an

1dNIP

a

1dNP
an

1dNIP

a

1dNP
a

BIleSNY

Aey

vsn

AN

eljessny

s8uissaiqg sdnoi Anuno)

Nr_m‘_mr_OCm—\/_

ZZlUIuueID

1zUBWMAN

opPPBIIEN

0z21ds3]11D

2dUai=jal
loyany

1 37avl



ELHAGE ET AL

Health Science Reports

—WI ]_EyJL“S

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 (KCl, 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 RCTs'¢2%2! (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).

33 |
studies

Geographical distribution of the included

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)°%%® of the studies were conducted in Australia,
whereas the other four trials came from the United States (1/6)2*
United Kingdom (1/6),%¢ Italy (1/6),? and Germany (1/6).2*

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.}*2°2* However, alloca-

tion concealment was not clearly described. High-performance and

Open Access

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 studies'®2%2* (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

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

All six studies¢20-24

reported the incidence of complications. There
was statistically significant heterogeneity in the studies (P = .0004; I
= 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% Cl: 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,!6212324

which included 325 patients, reported the inci-
dence of persistent wound drainage. There was no statistically significant
heterogeneity in the studies (P = .60; I> = 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

16,20,21

Three studies, which included 438 patients, reported inci-

dence of wound infection. There was no statistically significant
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heterogeneity in the studies (P =.72; I> = 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% Cl: 0.17 to 0.94;
P = .04) (Table 4 and Figure 3C).

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

162123 \which included 522 patients, reported wound

Four studies,
blistering. There was statistically significant heterogeneity in the stud-
ies (P = .007; I? = 75%). Using the random effects model, the results

revealed no statistically significant difference in the incidence of

FIGURE1 FI hart
c 2947# of records identified: 14# of additional chowine search s:r\;vti @ "
9 PubMed= 2319 records identified ng search strategy ar
"&; ) o study identification, inclusion,
3 Web of Science= 244 manual retrieving and exclusion
= EMBASE= 384
)
c
o I
= I
2659# of records after
duplicates removed
o1}
£
c
(]
Qv 2659%# of records 2116# of records
3 screened | excluded
447# of full-text articles excluded, with
reasons:

- PICO-based
b=
E @ Irrelevent population= 176
‘o 453# of full-text @ Irrelevent Intervention= 248
o articles assessed @ Irrelevent Comparison= 5

for eligibility @ Irrelevent OQutcome= 18

6# of studies

included in

qualitative
= synthesis
S
(7]
=)
5] 1
c .
- 6# of studies

included in

quantitative

synthesis

(meta-analysis)

blistering between ciNPT and conventional dressing (OR = 1.51; 95%
Cl: 0.16 to 13.82; P = .72) (Table 4 and Figure 3D).

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

20.21 which included 229 patients, reported the inci-

Two studies,
dence of wound dehiscence. There was no statistically significant
heterogeneity in the studies (P = .44; 1> = 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% ClI: 0.07 to 2.07; P = .27) (Table 4

and Figure 3E).
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FIGURE 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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TABLE 2 Sensitivity analysis of ciNPT at —125 mmHg

Sensitivity analysis of ciNPT at —125 mmHg

Statistic Value 95% Cl

Sensitivity 25.76% 15.78% to 38.01%

Specificity 44.58% 36.87% to 52.48%

Positive likelihood ratio 0.46 0.30t0 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% ClI

Sensitivity 45.07% 33.23% to 57.34%

Specificity 49.68% 43.96% to 55.40%

Positive likelihood ratio 0.9 0.68 to0 1.18

Negative likelihood ratio 1.11 0.87 to 1.40
41.6 | Meta-analysis of non-stratified incidence of

wound seroma

Two studies,2°%?

which included 89 patients, reported the incidence
of wound seroma. There was no statistically significant heterogeneity
in the studies (P = .02; I> = 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% Cl: 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, 142921

which included 438 patients, reported the inci-
dence of wound hematoma. There was no statistically significant het-
erogeneity in the studies (P = .53; 12 = 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%

Cl: 0.32t0 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

421 | Meta-analysis of stratified incidence of
complications using the —125 mmHg ciNPT system

21,23,24

Three studies, 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; I? = 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% Cl: 0.10 to 0.41; P < .00001)
(Table 4 and Figure 5A).

422 | Meta-analysis of stratified incidence of
persistent wound drainage using the —125 mmHg
CiNPT system

Three studies,?12324

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; I = 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% Cl: 0.09 to 0.59; P = .002) (Table 4

and Figure 5B).

423 | Meta-analysis of stratified incidence of
blistering using the —125 mmHg ciNPT system

Two studies,?>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; I* = 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% Cl: 0.18 to 8.50; P = .83) (Table 4 and Figure 5C).

424 | Meta-analysis of stratified incidence of
complications using the —80 mmHg ciNPT system

Three studies,*®?%??which included 379 patients, reported the
incidence of complications using the —80 mmHg ciNPT system.
There was statistically significant heterogeneity in the studies
(P = .002; I?> = 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% Cl: 0.12 to 3.32; P = .58) (Table 4 and Figure 5D).

425 | Meta-analysis of stratified incidence of
blistering using the —80 mmHg ciNPT system

Two studies,*¢??

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; I*> = 91%).
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(A) The non-stratified incidence of overall complications
ciNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
Giannini 2019 6 &0 15 50 20.0% 0.32[0.11, 0.91] — [ 1T 5L E
Gillespie 2015 24 35 15 35 20.4% 2.91 [1.08, 7.74] — 000060
Karlakki 2016 2 102 9 107 16.6% 0.22[0.05, 1.03] —_—
Manoharan 2016 1 1 33 9.8% 1.60 [0.09, 27.05] 2097200
Newman 2019 12 789 39 80 21.7% 0.19 [0.08, 0.40] — (11111}
Pachawsky 2012 4 a a 10 11.5% 0.09(0.01,1.03] * ®20000
Total {95% Cl) 296 315 100.0% 0.42[0.13,1.33] g
Total events 49 EE]
Heterageneity: Tau®= 1.43; Chi*= 22.73, df= 5 (P = 0.0004); F= 78% n ot D=1 150 100:
Testfor overall effect 2=1.47 (P=014) Favours [ciNPT] Favours [Conventional Dressing]
(B) The non-stratified incidence of Persistent Wound Drainage
ciNPT Conventional Dressings Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
Karlakki 2016 2 49 3 44 126%  0.58[0.09, 3.65] —_—
Manoharan 2016 o2 1 33 48% 0.50[0.02,12.95)
MNewrnan 2019 5 79 16 80 B1.9%  0.27[0.09,0.78] ——
Pachowsky 2012 i ] 5 10 207%  005[000,114] —=—T7
Total {95% CI) 158 167 100.0%  0.28[0.12,0.63] e
Total events 7 25
ihe 2= - - SR = I I I |
Heterogeneity: Chi = 1.88, df=3{(P=060), F=0% I 10 100
Test for overall effect: Z2=3.06 (P=0.002) Favours [ciNPT] Favours [CD]
(©) The non-stratified incidence of Wound Infection
ciNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEFTF
Gillespie 2015 2 34 3 35 158%  06A[010,413) S E—
Karlakki 2016 1 102 5 107 27.0%  0.20[0.02,1.76] e —
Mewrman 2019 5 79 11 B0 57.2%  0.42[0.14,1.29)] ——
Total (95% CI) 216 222 100.0%  0.40[0.17,0.94] <l
Total events 8 149
o o i = . L ! 1
Heterogeneity: Chi*= 065, df=2(P=072), F=0% T 10 100

Testfor overall effect Z=210(F=0.04)
(D) The non-stratified incidence of Wound Blistering

Favours [ciNPT] Favours [CD]

Risk of Bias

ciNPT CcD Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl ABCDEF
Giannini 2019 6 50 15 50 327% 0.32[0.11,0.81] —— @®7?27207
Karlakki 2016 11 102 1107 27.0% 1281 [1.62,101.16] ——— @90000®
Manoharan 2016 1 21 0 33 201% 4.90[0.19, 126.11] + 99200
Mewman 2019 079 180 20.2% 0.33[0.01, 8.31] T+ @@+ w
Total (95% CI) 252 270 100.0% 1.51 [0.16, 13.82] —conR———
Tatal events 18 17
Heterogeneity: Tau®= 3.62; Chi*=12.20, df= 3 (P = 0.007); F= 75% IIII o1 051 150 1EID=
Testfor overall effect Z=036(F=0.72) 'Favouré [CiNPT] Favours [CD]

(E) The non-stratified incidence of Wound Dehiscence

ciNPT cD Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI ABCDEFTF
Gillespie 2015 1 35 1 35 19.8% 1.00(0.06, 16.65) L I
Mewiman 2019 179 4 80 B802%  0.24[0.03 227 —— 200006
Total {95% CI) 114 115 100.0%  0.39 [0.07, 2.07] ~ll—
Total events 2 5

s _ _ s t } f !

Heterogeneity: Chi*=0.60, df=1{FP=0.44), F=0% TIEE 10 100

Testfor overall effect Z=110(P=0.27)

FIGURE 3

Favours [ciNPT] Favours [CD]

(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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TABLE 4 Significant results from non-stratified (A) and stratified (B) meta-analyses
Difference between approaches Heterogeneity
Outcome Number of Studies Statistic Model OR/MD 95% Cl P value 1% (%) P value
A. Non-stratified meta-analysis of ciNPT vs conventional dressings
Favors ciNPT system
Persistent wound drainage 4 Fixed 0.28 0.12t0 0.63 .002** 0% .60
Length of Hospital Stay 3 Fixed -0.81 —1.37to —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 0.10to 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; Chi?, chi-square test; Cl, confidence interval; ciNPT, closed-incision negative pressure therapy;

M-H, Mantel-Haenszel test; OR, odds ratio, Tau?, variance.
**P < .01, ***P < .001.

2, heterogeneity;

(A) The non-stratified incidence of Wound Seroma
ciNPT CD Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl ABCDEF
Gillespie 2015 3 35 0 35 481%  7.65[0.38,153.75] ] - 2000606
Mewrnan 2019 4 g 9 10 51.9% 0.09[0.01,1.03 +——B—— ++ 0@+
Total (95% CI) 44 45 100.0% 0.76 [0.01, 62.60] e —
Total events 7 g
Heterogeneity: Tau 58.22; Chif=5.21,df=1(P=0.02); F=81% ra— Py
Test for averall effect Z=0.12 (P = 0.90) Favours [NPT] Favows [CD]
(B) The non-stratified incidence of Wound Hematoma
CiNPT Conventional Dressings Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEFTF
Gillespia 2015 3 35 1 35 27.3% 2.10[0.32, 32.24] — BT T e
Karlakki 2016 0 102 1 107 43.5%  0.35[0.01, 8.60] = (11 111]
Mewman 2019 1 79 1 80 28.3% 1.01 (0.0, 16.48] T 2004 @®
Total (95% CI) 216 222 100.0%  1.32[0.32,5.43]
Total events 4 3
Heterogeneity: Chi®=1.26, df= 2 (P = 0.53); F= 0% =D T 051 150 1DD:

Test for averall effect: Z=0.38 (F=0.70)

FIGURE 4

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

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

16.20.24 \yhich included 205 patients, reported the inci-

Three studies,
dence of complications following THA. There was no statistically sig-
nificant heterogeneity in the studies (P = .010; I? = 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% Cl: 0.55 to 2.46; P = .70) (Table 4 and Figure 6A).

Favours [ciNPT] Favours [CD]

(A) Forest plots showing non-stratified incidence of wound seroma, (B) non-stratified incidence of wound hematoma

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

Two studies*®?® which included 147 patients, reported the incidence of
complications following TKA. There was no statistically significant hetero-
geneity in the studies (P = .29; I? = 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% ClI: 0.10 to 1.64; P = .21) (Table 4 and Figure 6B).

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

Two studies,*®?* which included 275 patients, reported the incidence
of wound infection following THA. There was no statistically
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Stratification based on the applied pressure of (-125 mmHg) ciNPT system

(A) The stratified incidence of complications using high pressure (-125 mmHg) ciNPT
system

PREVENA™ system  Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
Manoharan 2016 1 21 1 33 1.9% 1.60[0.09,27.05] 09200
Newman 2019 12 79 39 80 B857%  0.19[0.09,0.40] - 0020000
Pachowsky 2012 4 g g 10 124%  0.09[0.01,1.03 ——=—— 720000
Total {95% Cl) 109 123 100.0% 0.20[0.10, 0.41] “
Total events 17 44
Heterogeneity: Chi®=2.52 df=2 (F=028),F=21% {D m 051 130 1EID=
Test for overall effect: Z=4.53 (P = 0.00001) Favours ['PRE‘V'ENA-‘T” system] Favours [CD]

(B) The stratified incidence of Persistent Wound Drainage using high pressure (-125
mmHg) ciNPT system

ciNPT Conventional Dressings Odds Ratio Odds Ratio Risk of Bias

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI ABCDEF
Manaharan 2016 0 1 13 55% 0.50[0.02,12.85] @P207200
Newrnan 2019 5 79 16 80 70.8%  0.27[0.08, 0.78] —— *
FPachowsky 2012 0 9 8 10 237% 0.05([0.00,1.14) —8%——
Total (95% CI) 109 123 100.0% 0.23 [0.09, 0.59] -
Total events L 22

ity: Chi®= =2{P= F= ; f } |
T

estfor overall effect Z=3.05 (P =10. ) Favours [ciNPT] Favours [CD]

(C) The stratified incidence of Wound Blistering using high pressure (-125 mmHg) ciNPT
system

PREVENA™ system CcD Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
Manoharan 2016 1 | 0 33 19.8% 4.90[0.19,126.11] + 29927200
Newrnan 2018 0 79 1 B0 BO2%  0.33[0.01,831] L Y 1
Total (95% CI) 100 113 100.0%  1.24[0.18, 8.50] e mi———
Total events 1 1
Heterogeneity: Chi®=1.33, df=1 (P = 0.25); F= 25% ID o D=1 150 1DIJ=
Testfor overall effect 2= 0.22 (F = 0.83) Favours [PREVENA™ system] Favours [CD]

Stratification based on the applied pressure of (-80 mmHg) ciNPT system
(D) The stratified incidence of complications using low pressure (-80 mmHg) ciNPT system

PICO™ system  Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI ABCDEFTF
Giannini 2019 6 50 15 50 34.8% 0.32[0.11, 0.91] —— 92720
Gillespie 2015 24 35 15 35 35.4% 2.91[1.09, 7.74] —— e0000e®
Katlakki 2016 ) 102 g 107 28.9% 0.22 [0.05, 1.03] —— 9200060
Total (95% Cl) 187 192 100.0% 0.62[0.12, 3.32] = ==
Total events 32 39
Heterogeneity, Tau®=1.82; Chi*=12.38, df= 2 (P = 0.002); F= 84% IEI 0 U§1 150 1001
Test for overall effect: Z=0.56 (P = 0.58) Favoufs [PICO{” system] Favours [CD]

(E) The stratified incidence of Wound Blistering using low pressure (-80 mmHg) ciNPT
system

PICO system cD Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
Giannini 2019 6 50 15 50 527% 0.32 [0.11, 0.91] —a— CT Y E
Karlakki 2016 1 102 1 107 47.3%  12.81[1.62,101.16] —a— 0900008
Total (95% CI) 152 157 100.0% 1.82 [0.04, 81.46]  — e —
Total events 17 16
Heterogeneity: Tau®= 6.84; Chi®=10.80, df=1 (P = 0.001); IF= 91% I t t |
Test for averall effect: Z=0.31 (P = 0.76) 0.01 2.1 gl o

. Favours [PICQO System] Favours [CD]

FIGURE 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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Stratification based on the type of Arthroplasty

(A) The stratified incidence of complications in THA population

ciNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDEF
Gillespie 2015 24 35 15 35 37.3% 2.91[1.09, 7.74] —
Karlakki 2016 1] 53 3 B3 251% 016 [0.01,3.200 4 b
Pachowsky 2012 4 g g 10 37.5% 0.09[0.01,1.03 ——®%—
Total (95% CI) 97 108 100.0% 1.16 [0.55, 2.46] i
Total events 28 27

FTn = o _ DR — I | 1 1
Heterogeneity: Chi = 929 df=2(P=0010), F=78% 'U.U1 Elf1 110 1EID'
Testfor overall effect: Z=039(F=0.70) Favours [ciNPT] Favours [CD]

(B) The stratified incidence of complications in TKA population

ciNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl ABCDEF
Karlakki 2016 2 49 B 44 B91%  0.27[0.05,1.41] —l— *2008a
Manoharan 2016 1 1 33 10.9%  1.60(0.09, 27.05] e 220700
Total (95% CI) 70 77 100.0%  0.41[0.10,1.64] B o
Total events 3 7
Heterogeneity: Chi =.1.14, df=1(P=029),F=12% Tl 01 10 100
Testfor overall effect Z=1.26 (F=0.21) Favours [ciNPT] Favours [CD]

(C) The stratified incidence of Wound Infection in THA population

CiNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI ABCDETF
Karlakki 2016 0 53 1 63 11.7%  0.39[0.02,9.76] 200060
Newman 2019 5 79 11 80 88.3%  0.42[0.14,1.28] — ++ 0@+ +
Total (95% CI) 132 143 100.0%  0.42[0.15,1.20] el
Total events 5 12
Heterogeneity: Chi®= 0.00, df=1 (P = 0.96); F= 0% f t t {
Test for overall effect Z=1.63 {P=010) D.E;'v'ou?;[ciNPﬂ Fa'v'our1sD[CD] 10

Secondary Outcomes

(D) The non-stratified rate of re-admission

cCiNPT Conventional Dressing Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI ABCDEETF
Gillespie 2015 4 35 0 35 2.8% 10.14 [0.53, 185.91] 900600
Mewman 2019 16 74 19 80 97.2% 0.82 [0.38,1.73] EREX I s
Total (95% CI) 114 115 100.0% 1.08 [0.54, 2.15]
Total events 20 19
Heterogeneity: Chi =_2.?3,df=1 (P=010), F=63% 'EI.IJ1 IJT1 11 1'D 1E|CI'
Test for overall effect Z= 0.21 (P = 0.83) Favours [GiNPT] Favours [CD]

(E) Length of Hospital Stay between ciNPT and Conventional Dressings

ciNPT CcD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gillespie 2015 5 27 a5 6 27 35 199% -1.00[2.27 0.27] —
Karlakki 2016 3.78 188 102 471 624 107 208% -093[217 03] T
Mewman 2019 az 21 74 44 26 80 A9.2% -0.70[-1.43 0.03] —
Total (95% CI) 216 222 100.0% -0.81[-1.37,-0.24] -
Heterogeneity: Chi®=0.21, df= 2 (P = 0.90); F= 0% 54 12 3 é j‘

Test for averall effect Z= 2.80 (P = 0.005) Favours [GNPT] Favours [CD]

FIGURE 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; I> = 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,2%2*

which included 229 patients, reported the
readmission rate. There was no statistically significant heterogeneity
in the studies (P = .10; I?> = 63%). The fixed effects model revealed
that there was no statistically significant difference in the rate of
ciNPT use and dressing

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

readmission between conventional

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

Three studies'2-2

reported the length of hospital stay in ciNPT and
conventional dressings groups. There was no statistically significant
heterogeneity in the studies (P = .90, I> = 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% Cl: —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,?> suggesting that the application

Open Access

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 O to —400 mmHg with 25 mmHg increments. They found that
maximum blood flow was achieved at —125 mmHg pressure.?® Higher
pressures were found to be effective in keeping a drier wound envi-
ronment due to stronger sucking action reaching deeper in the
wounds.?” 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.2®?’ 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 edema®® 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.3! 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.®2 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 SSlIs as compared to conventional dressings.>*** 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.3®
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.®*
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 2015.2%12 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.?>"*”35 Data in the literature suggest that the average cost
for ciNPT is about 10 times higher than conventional dressings.2%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.3¢

One potential complication of ciNPT use is the formation of skin
blisters, usually found in the peri-wound skin away from the surgical
incision.*>?237 This may be related to improper application technique
and friction of negative pressure dressing on skin.1>*® Blisters are

more common in patients undergoing TKA37-38

and with the applica-
tion of polyurethane foam.?2%” Efforts have been aimed at developing

a new kind of silicone foam to decrease blister formation in TKA.??
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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.>’ 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.®° 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.
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