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Abstract

Negative pressure wound therapy (NPWT) is a wound-dressing system that
applies sub-atmospheric pressure on the surface of a wound to promote heal-
ing. An evolution of this technology, NPWT with solution instillation and
dwell time (NPWTi-d), is increasingly being used to maximise wound closure
and reduce failure rates. However, there is still a lack of evidence concerning
its use in orthoplastic surgery. Therefore, the aim of this study is to compare
NPWTi-d with NPWT and standard of care for wound management in ortho-
plastic surgery. A comprehensive literature search using PubMed, Web of Sci-
ence, and Cochrane databases up to 15 March 2022 was performed, including
studies describing the outcomes of NPWTi-d for traumatic/orthopaedic injuries.
A meta-analysis on the number of surgical debridements, as well as the rate of
complete wound closure and complications was carried out, although for other
outcomes, a descriptive statistic was applied. Risk of bias and quality of evidence
were assessed using the Downs& Black's Checklist for Measuring Quality. Thir-
teen studies with a total number of 871 patients were included, in which
NPWTi-d demonstrated significantly higher primary wound closure and lower
complication rates (P < .05). No difference in the number of surgical procedures
required for final wound healing was observed. Moreover, five out of six studies
showed better results for NPWTi-d when the change of the bioburden and bacte-
rial count of the wound were analysed. A singular study investigating the length
of the hospital stay of patients treated with NPWTi-d showed a reduction in the
latter. The present meta-analysis proves that NPWTi-d is superior to NPTW or
conventional dressings in orthoplastic wound care management, in terms of
complete wound closure rate and the reduced number of complications. Still,
the limited quality of the studies analysed shows that future randomised studies
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are needed to confirm the benefits and to identify the most appropriate recom-
mendations for using NPWTi-d in orthoplastic surgery, as well as to investigate
the cost-effectiveness of this wound-dressing system.

negative pressure wound therapy, NPWT, NPWTi-d, acute wound, chronic wound, infection,

« negative pressure wound therapy (NPWT) is a wound-dressing concept used

worldwide that continuously or intermittently applies sub-atmospheric pres-
sure to the surface of a wound in order to promote healing

in addition to the known effects of standard NPWT, which boost healing
through increased local blood flow, reduced tissue edema, reduction of local
bacterial load and the possible development of tissue granulation, NPWTi-d
may provide complementary benefits when it comes to wound cleansing

the aim of this systematic literature review and meta-analysis is to compare
the various outcomes of NPWTi-d versus NPWT and standard of care from
the perspective of wound care in the field of orthoplastic surgery

the meta-analysis proves that NPWTi-d is superior to NPTW or conventional
dressings in orthoplastic wound care management, in terms of complete

1 | INTRODUCTION

Negative pressure wound therapy (NPWT), also called
vacuum-assisted wound therapy, is a wound-dressing
concept used worldwide that continuously or intermit-
tently applies sub-atmospheric pressure to the surface of
a wound in order to promote healing." An up-and-
coming extension of this technology, the so-called NPWT
with instillation and dwell time (NPWTi-d), has been
developed in recent years with the aim of maximising
outcomes and reducing failure rates (i.e. the impossibility
of achieving complete healing).

NPWTi-d consists of the local instillation of a solu-
tion and its dwelling for a planned interval of time.” In
addition to the known effects of standard NPWT,
which boost healing through increased local blood
flow, reduced tissue edema, reduction of local bacterial
load, and the possible development of tissue granula-
tion, NPWTi-d may provide complementary benefits
when it comes to wound cleansing.'” In fact, NPWTi-d
has been associated with an increased development of
granulation tissue and improved healing rate of
wounds that have not responded adequately to tradi-
tional NPWT.*® For all the above-mentioned reasons,
NPWTi-d continues to gain popularity and the list of
indications for its use has been steadily growing since
its first conception. Nowadays, it can be applied to the
treatment of a wide range of acute and chronic, closed

wound closure rate and the reduced number of complications

and open, infected and non-infected wounds, as well as
any combination thereof.”

Best practices for the use of the different forms of
NPWT have shifted in recent years, based on a growing
body of evidence and extensive worldwide experience
with this technology.® However, although there are sev-
eral published studies comparing NPWTi-d outcomes
with NPWT alone, there is a lack of broad-based evidence
regarding its benefits within the setting of orthoplastic
surgery, in particular with regard to a variety of complex
wound types in which wet-to-moist dressing changes or
advanced wound dressings are applied. Therefore, there
is a need to synthesise existing data across multiple stud-
ies, hence providing a more precise estimate of the effects
of NPWTi-d in this field.

The aim of this systematic literature review and meta-
analysis is to compare the various outcomes of NPWTi-d
versus NPWT and standard of care from the perspective
of wound care in the field of orthoplastic surgery.

2 | MATERIALS AND METHODS
2.1 | Literature search
A review protocol was developed based on the Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Www.prisma-statement.
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(Continued)

TABLE 1

Control

F-up

N° of pts.

Outcomes evaluated

Cause of injury

therapy

(months)

(case-control)

Design

Country

Study

recurrence of

osteomyelitis
Wound depth and % of

NPWTi-d: 12 PU, 4 DU, 2

NA NPWT

48 (24-24)

Prospective

Thailand

Burusapat et al., 2021

reduction, wound volume
and % of reduction,

pathogens

Tumour surgery, 4 NF, 2

Trauma
NPWT: 12 PU, 3 DU, 2

Comparative

Tumour surgery, 4 NF, 3

Trauma
NPWTi-d/NPWT: DFU,

Change in histological

NPWT

10 days

48 (25-23)

RCT

India

Giri et al., 2020%

parameters between day

Trauma, Insect/snake bite

1/10, comparison of CFU
and % of reduction in

wound size at day 1/ 10.

org) (Table 1). A comprehensive literature search was
performed by two independent authors (L.DP. and M.
DM.) in the bibliographic databases PubMed, Web of
Science, and Cochrane Library on 15 March 2022. The
following research terms were used: ‘NPWTid’ or
‘NPWTi-d” or ‘NPWT with instillation’ or ‘Negative
pressure wound therapy with instillation’. Randomised
controlled trials, case—control studies, prospective and
retrospective cohort studies, and case series with at least
five patients were included. Regarding the follow-up
period, there were no limitations. Studies not including
injuries of traumatic or orthopaedic origin were
excluded. Pre-clinical studies, ex-vivo studies, literature
studies, and studies in languages other than English
were also excluded.

2.2 | Data extraction

Two independent reviewers (L.DP. and M.DM.) screened
all the titles and abstracts. After this initial screening, the
articles that met the inclusion criteria were analysed for
full-text eligibility and excluded if they met any one of
the exclusion criteria (Figure 1). In case of disagreement
between the two reviewers, a third reviewer (P.F.) was
consulted in order to reach consensus.

An electronic table for data extraction was created
prior to the study using Excel (Microsoft). The follow-
ing data were extracted from each included
study: country; number of surgical procedures; num-
ber, gender and age of the participants; duration of
follow-up; wound characteristics; therapy settings;
infection rate; time until final wound closure in
days; complication rate; total duration of treatment in
days; and length of hospital stay in days. Following
this independent data collection, the reviewers com-
pared the extracted data.

2.3 | Assessment of risk of bias and
quality of evidence of the included studies

The Downs and Black's “Checklist for Measuring Qual-
ity” (PMID: 9764259) was used to evaluate the risk of
bias. The checklist contains 27 ‘yes’ or ‘no’ questions
across five sections. This checklist is easy to use and pro-
vides a numeric score out of a scale of 32 points. The five
sections include questions about the overall quality of the
study (10 items), the ability to generalise the findings of
the study (three items), the study bias (seven items), the
confounding and selection bias (six items), and the power
of the study (one item). Assessment of risk of bias and
quality of evidence were completed independently for all
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FIGURE 1 PRISMA of included p
. [ Identification of studies via databases ]
studies
_§ Records identified from: Records removed before
§ Databases (n = 949; screening:
(= Pubmed 581, Web of Duplicate records removed (n
§ Science 332, > = 285)
5 Cochrane 36)
. | 'Becoryiscrsensd L » | Records excluded (n =611)
(n =664)
. !
£
g
5 Reports sought for retrieval — | Reports not retrieved (n = 0)
(7] (n=53)
— i
Rebort d for eligibility Reports excluded: 40
eports assessed for eligibili Not in English
(n=53) Not clinical
No traumatic / orthopaedic
wounds
i No adequate control group
Studies included in qualitative
synthesis (n = 13)
Studies included in quantitative
synthesis (n = 8)
outcomes by two authors (L.DP. and P.F.) and a third 3 | RESULTS
author (M.DM.) resolved any discrepancies in reaching
Cconsensus. 3.1 | Literature search results

2.4 | Statistical analysis

The statistical analysis was carried out according to
Neyeloff et al.’ using Excel (Microsoft) by an indepen-
dent professional statistician. The Mantel-Haenszel
method was used to provide pooled rates across the
studies. A statistical test for heterogeneity was first
conducted with the Cochran Q statistic and 12 metric
and the presence of significant heterogeneity was con-
sidered with 12 values >25%. When no heterogeneity
was found with I2 < 25%, a fixed effect model was used
to estimate the pooled rates and 95% CIs. Otherwise, a
random-effect model was applied and an 12 metric was
evaluated for the random effect to check the correction
of heterogeneity. The studies confidence intervals were
carried out using the continuity-corrected Wilson
interval.

Initially, a total of 949 publications were identified
according to our inclusion criteria. After the removal of
duplicates and screening of the titles and abstracts,
53 articles were chosen for full-text review. Forty of these
did not meet the inclusion criteria, and, therefore,
13 studies (eight from the USA, two from Germany, one
from India, one from Thailand, and one from the
Netherlands) were included in this systematic review
(Figure 1 PRISMA). One study (Kim et al., 2020) was con-
sidered twice, because it included two NPWTi-d groups
with two different dwell times. Details of the included
studies are summarised in Table 1.

3.2 | Details of the included studies

A total of 871 patients were included in this review
(511 males, 317 females, and 43 gender unknown); of
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them, 393 patients were treated with NPWTi-d (237 males,
134 females, and 22 gender unknown), 478 patients
(274 males, 183 females, and 21 gender unknown) were in
the control group, being treated either with standard
NPWT (used as a control in 12 studies) or wet-to-moist
dressings and advanced wound dressings (each used once
as a control). ‘Advanced wound dressing’ was defined as
an alginate or collagen dressing, applied to a wound and
changed one to three times per week in accordance with
the manufacturers' instructions. The follow-up time
reported for each study varied significantly, from seven
days to 89 months (a mean of 2.3 months).

3.3 | Therapeutic settings

The mean length of therapy in the NPWTi-d groups was
10.3 days, resulting in a mean hospital stay of 21.3 days,
whereas NPWT was used for a mean of 20.9 days
(30.5 days in the hospital). Different instillation solutions
were used in the NPWTi-d groups, the most common one
being saline (five out of 13). Other forms of antibacterial
solutions were as follows: 1/8 and 1/4 Dakins solution
(dilute solution of sodium hypochlorite [0.4% to 0.5%] and
other stabilising ingredients), polyhexanide antiseptic solu-
tion, Prontosan wound cleansing solution, silver nitrate,
and tetrachloride deca oxygen-anion complex.

3.4 | Meta-analysis outcomes

Out of the 13 studies reviewed, six studies were suitable
for the meta-analysis regarding the rate of complete
wound closure: overall, there was a significantly higher
rate in NPWTi-d patients compared with the control
group (P =.023, O.R. 2.006, 95% C.I. 1.315-3.058)
(Figure 2). Patients who received NPWTi-d had a signifi-
cantly lower rate of complication compared with the con-
trol group (P =.025, O.R. 0.421, 95% C.I. 0.260-0.683)
(Figure 3), whereas there was no significant difference
statistically within the number of surgical debridements
performed in NPWTi-d patients compared with the con-
trol group (P = .2146, 95% C.I. 0.4-1.3) (Figure 4.).

No meta-analysis could be performed on the time to
readiness for surgical closure, length of therapy, costs of
the therapy modalities, and length of hospital stay due to
the heterogeneity of the data retrieved from the included
studies.

3.5 | Length of hospital stay and costs of
NPWTi-d

The length of recovery is the time until the final surgical
procedure, which within the study published by Kim
et al., 2014, is shown to be significantly shorter for the

15

14

13

12

11

10

Kim 2020
Pooled OR

Gabriel 2008 +—<Q>

@
@
@ s S
s g 5
b4
FIGURE 2 Rate of primary closure of patients treated with NPWTi-d
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FIGURE 3 Rate of surgical debridements of patients treated with NPWTi-d

6- and 20-minute dwell time groups (7.8 + 5.2 and
7.5 + 3.1 days, respectively) compared with the standard
NPWT group (9.23 + 5.2 days) (P < .05).2

With regard to the cost-effectiveness of NPWTi-d and
NPWT, only one study compared the two therapeutic
approaches. Gabriel et al. used a theoretical economic
model, which took the costs of the therapy unit, the
canisters used, and the dressings for both treatment
modalities into consideration.'* The authors showed
that the daily cost of NPWTi-d amounted to $194.80
per patient, whereas the daily cost of NPWT without
instillation amounted to $106.08. However, the
reduced rate of surgical debridements (a mean of two
debridements in the NPWTi-d group versus 4.4
debridements in the NPWT group), as well as the possi-
ble reduced need to use the operating theatre associ-
ated with a decreased total length of treatment and
potentially decreased reduction in the length of hospi-
tal stay (NPWTi-d 8.1 day versus NWPT: 27.4 days)
resulted in an overall reduced treatment cost of $799
for NPWTi-d treatment compared with $2217 for
NPWT."! No cost-effectiveness comparison between
NPWTi-d and other methods was feasible.

3.6 | Change in bioburden and clinical
infection

Six studies reported on clinical signs of infection and
change in the bioburden of the wound, where ‘biobur-
den’ is defined as the number of bacteria living on a sur-
face that has not been sterilised. Gabriel et al. showed a
significant reduction in the time required for wounds to
be clear of clinical infection (25.9 + 6.6 d NPWTi-d versus
6.0 + 1.5 d standard moist wound care therapy P < .01).>
Although the culture number for Gram+ bacteria was
significantly higher for the six-minute dwell time group
compared with the non-instillation group (90% versus
63%, P < .OS),2 the results of Schreiner et al. showed only
a trend to a lower bacterial presence in the NPWTi-d
group (nine out of 11 patients) compared with the NPWT
group (eight out of 16 patients), but without this reaching
statistical significance (P = .093).° Kim et al. achieved
similar results, showing a significant mean decrease in
the total bacterial count between the time of initial surgi-
cal debridement of the wound and the first dressing
change in NPWTi-d subjects (n = 69) compared with
NPWT subjects (n = 63) (—0.18 Log'® CFU/g versus 0.6
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Cole

Chowdry '—‘

Schreiner

FIGURE 4 Rate of complications of patients treated with NPWTi-d

Log'® CFU/g, respectively; P =.02)." This was also

shown with the results of Goss et al., which demonstrated
a significant difference between the mean absolute reduc-
tion in bioburden for the NPWTi-d group (10.6 x 10°6
bacteria/g of tissue) and the mean absolute increase for
the NPWT group (28.7 x 10°6 bacteria/g of tissue)
(P = .016).> On the other hand, one study by Fluieraru
et al. in 2013 described no statistically-significant differ-
ence in the reduction of the microbial load of the wound
between the two groups.” It was not possible to meta-
analyse the outcomes of these five studies as they
reported different outcomes with regard to both the clini-
cal signs of infection and changes in the bioburden of the
wound.

4 | DISCUSSION

The main finding of this systematic review and meta-
analysis is that NPWTi-d has been shown to produce
significantly higher primary wound closure and lower
complication rates (P < .05) compared with routine care,
in the setting of orthoplastic wound care. Moreover, five
out of six studies showed better results for NPWTi-d
when analysing the change in the bioburden and bacte-
rial count of wounds. A singular study investigating the

3.0

25

2.0

1.5

1.0

0.5

<o—i

0.0

Kim 2020 (2)
Timmers
Pooled OR

length of the hospital stay of patients treated with
NPWTi-d showed a reduction in the latter.

Many factors are taken into account by surgeons
when it comes to choosing the appropriate therapy for
a patient: the first is most likely the complete wound
closure rate of the wound, which is crucial, as it means
the possibility of closing the wound without further
revision. Our current study found a significant advan-
tage in terms of the complete wound closure rate in
favour of NPWTi-d, further elaborating previous litera-
ture suggesting that NPWTi-d used as a supplement
was superior in the treatment of complex orthoplastic
cases compared with the wound dressings currently
used, as demonstrated in the management of osteomye-
litis of the proximal femur and spinal wounds.*® Sec-
ondly, the rate of complications is of importance,
because it is directly correlated with the risks for the
patient and treatment cost, both in the short-term and
the long-term. The analysis demonstrated a decreased
rate of complications when using NPWTi-d, although
the literature does not differentiate between major and
minor complications. Moreover, the current analysis
confirmed the previous findings of Gabriel et al., Goss
et al., and Kim et al,>'>'” namely that NPWTi-d was
superior in reducing the bacterial load of wounds com-
pared with NPWT.
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The present study found no difference in the number
of surgical debridements, another important aspect,
between NPTWi-d and conventional methods. This find-
ing is interesting given the fact that previous meta-
analyses reported the number of surgical debridements to
be lower in NPTWi-d settings.>** However, the present
study was conducted in the specific setting of orthoplastic
wounds. Therefore, it would be interesting to understand
why there is no difference between NPTWi-d and NPTW
in the number of debridements in orthopaedic injuries.
In fact, the lack of difference could either be due to the
heterogeneity and poor quality of the studies—as demon-
strated by the risk of bias evaluation and as suggested by
the significant benefits documented in terms of primary
closures—or also the possibility of having heterogeneous
outcomes in different patients. Future studies should bet-
ter explore the specific orthoplastic settings in which it is
best to use NPTWi-d.

Future studies also ought to target the lack of evi-
dence regarding the appropriate duration of dwell time,
with the current ranges proposed by literature varying
from one second to 30 minutes.'>*>*° Initially, based on
the positive outcomes obtained in the first applications of
these therapeutic devices, a shorter span of dwell time,
lasting around six minutes, was implemented.'>*® This
recommendation was sustained by the concern of longer
dwell times increasing the risk of fluid leakage and mac-
eration of the surrounding tissues in contact with the irri-
gation fluid. These problems have not been clearly
documented, and 10- to 30-minute dwell intervals have
also been proposed,>*****’ although unfortunately, cur-
rent literature makes it difficult to draw definitive conclu-
sions in this regard. In detail specifically, Lehner et al.,
when studying the treatment of periprosthetic implant
infections, reported 5-30 min of dwell time infiltrating
polyhexanide 0.04%, resulting in a salvage rate of 80% for
acute and 86.4% for chronic infections.”® Another study
reporting a longer dwell time is the one conducted by
Timmers et al. using 10-15 min of polyhexanide 0.04%
for traumatic bone infections.”® In this study, a recur-
rence rate of infection of 10% in the NPWTi-d group is
clearly in contrast with a rate of 58.5% in the controls
treated with NPWT or ‘classic’ wound dressings. Further-
more, this study also demonstrated a significantly shorter
hospital stay (36 versus 73 days) and a lower number of
surgical procedures (2 versus 5) required to achieve com-
plete wound closure. A similar result was shown in the
study of Kim et al. in which the time until final surgical
procedure was proven to be significantly shorter for
groups treated with either a dwell time of six or
20 minutes (7.8 + 5.2 and 7.5 + 3.1 d, respectively), com-
pared with the non-instillation group (9.23 + 5.2 days)
(P < .05).> Based on the wide range of dwell times leading
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to positive outcomes that have been reported, it is to be
assumed that a specific dwell time (out of the time range
analysed in literature) may not be a crucial factor in the
overall effectiveness of NPWTi-d.

The choice of instillation solution is another debated
aspect in NPWTi-d treatment. The ideal solution for topi-
cal instillation should, on one hand, be effective at reduc-
ing wound bioburden and, on the other hand, should
induce limited cytotoxicity locally.">*® Achieving this bal-
ance is quite difficult, as bactericidal agents commonly
inhibit the cellular growth of normal, healthy tissue.**'
An agent used on a regular basis is Prontosan, composed
of 0.1% polyhexanide, thus implying antimicrobial quali-
ties, and 0.1% betaine as a surfactant. Prontosan has a
high tolerability profile with in vivo and in vitro benefits
at low concentrations and at the same time is highly
effective against a wide variety of pathogens.*> However,
a variety of other solutions and combinations of these
have been reported, including Dakin's solution, silver
nitrate, and mixed antibiotic solution.>*>° For example,
in the study of Goss et al., a dilute solution of sodium
hypochlorite (0.4% to 0.5%) and other stabilising ingredi-
ents (Dakin's solution) has proven successful in the bac-
terial clearance of large wounds of the lower extremity,
with only minimal local tissue toxicity.'” Other studies
have suggested the use of normal saline as an instilla-
tion solution, showing no significant difference in the
endpoints compared with Dakin's solution.?*%¢
Another study suggesting favourable results for the use
of normal saline as instillation liquid is the randomised
controlled trial of Kim et al., who compared the use of
normal saline versus 0.1% polyhexadine plus 0.1% beta-
dine solution in a total of100 patients, where the saline
group was found to require less time to complete
wound closure (5.6 d versus 7.5 d, P = .04) as well as
no significant differences within length of hospital stay
(d), proportion of wounds with complete closure, and
number of subsequent debridements required.*® This
may indicate that the combination of negative pressure
on the wound tissues and repeated cycles of instillation
of the wound may enhance wound closure, rather than
the specific instillation solution.

Finally, cost-effectiveness analysis is another impor-
tant matter of debate, because it allows for an under-
standing of the sustainability of a medical or surgical
procedure. Up to now, literature has not provided any
evidence of the cost-effectiveness of NPTWi-d compared
with other approaches of wound management in differ-
ent fields. This is also in line with the current meta-anal-
ysis, in which the data regarding the cost-effectiveness of
NPWTi-d is based on a single study only. Future studies
should be conducted specifically on this important
aspect, where the costs resulting from its consumables
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may be outweighed by the higher effectiveness in achiev-
ing final wound closure.

The current study shows interesting findings, never-
theless, several limitations must be highlighted. Firstly,
the studies using NPWTi-d applied the latter to differ-
ent anatomical regions of the body, treating wounds of
variable size and comparing different wound closure
techniques. Secondly, many different wound care prod-
ucts were used throughout the studies with regard to
the control group, which may also have had an influ-
ence on the results. Several studies with a shorter
follow-up time that did not report on the duration of
treatment may have biased the results by under-
reporting the complication rate in the long run.
Finally, the overall heterogeneity of the available stud-
ies and their limited quality made it difficult to prop-
erly investigate all outcomes related to these kind of
treatments. In view of this, a meta-analysis could only
be performed on several of the outcomes. Future stud-
ies are needed to confirm the study findings, as well as
to better document and quantify the potential benefits
of NPWTi-d for wound care in the orthoplastic field.

5 | CONCLUSIONS

The present meta-analysis proves that NPWTi-d is supe-
rior to NPTW or conventional dressings in orthoplastic
wound care management, in terms of complete wound
closure rate and the reduced number of complications.
Still, the limited quality of the studies analysed shows
that future randomised studies are needed to confirm the
benefits and to identify the most appropriate recommen-
dations for using NPWTi-d in orthoplastic surgery, as
well as to further investigate the cost-effectiveness of this
wound-dressing system.
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