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Abstract

This study evaluates the current clinical evidence of Negative Pressure Wound

Therapy with Instillation and dwell time (NPWTi-d) to establish its clinical

application and efficacy. MEDLINE, EMBASE, and CENTRAL databases were

searched from 1946 to July 2019 for studies reporting clinical outcomes on

wounds treated with NPWTi-d. The primary outcome was proportion of

wounds with complete healing. The secondary outcomes were mean time for

healing, NPWTi-d settings, cost, length of stay, and adverse events. Thirteen

articles were included with a total of 624 wounds in 542 patients involving

wounds of various aetiology. The pooled proportion of wound that achieved

complete healing was 93.65% (95%CI: 84.02-99.04). Normal saline was the most

commonly used instillation solution with the mean dwell time of

14.23 minutes (95%CI: 10.88-17.59) and instillation cycle every 4.17

± 2.32 hourly. The mean therapy duration was 10.69 days (95%CI: 10.46-10.91)

with daily cost of $194.80. The mean hospital stay was 18.1 days (95%CI:

17.20-19.00). There were no severe adverse effects reported. NPWTi-d is an

adjuntive therapy to aid complete healing of the vast majority of wounds.

However, the current data are limited by the lack of level 1 evidence.
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1 | INTRODUCTION

Negative pressure wound therapy (NPWT) is a
recognised, widely applied adjunct in the management of
complex wounds since 1997.1,2 An important evolution of
the NPWT, first introduced in 2004, involves instillation
of a topical solution with a period of dwell which is
followed by its removal via negative pressure cycles,

termed NPWT with instillation and dwell time (NPWTi-
d).3,4 This technology promotes wound healing and its
cyclical cleaning reduces the bacterial bioburden.5,6

The NPWTi-d is currently used in a varied clinical set-
ting, and several studies report of its superiority as an
adjunct of managing a heterogenous variety of wounds.
NPWTi-d has been suggested to be a more effective man-
agement for trunk and extremity wounds, in terms of
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time taken to complete wound healing, compared with
NPWT alone and standard wet-to-moist dressing
changes.7-10 Further, NPWTi-d has been proposed as a
treatment in complex wounds where currently used
adjuncts are ineffective, such as in the management of
invasive osteomyelitis of the proximal femur and complex
spine wounds.11,12 Significantly, in the recent Medtech
Innovation Briefing (MIB) developed by the National
Institute for Health and Care Excellence (NICE), the
NPWTi was advised to have a role in replacing normal
NPWT in standard care in people with open infected
wounds or chronic wounds that do not respond to stan-
dard care.13

Although there are several reports on the successful
management of infected wounds with NPWTi-d, the evi-
dence on the efficacy of this technology for wound
healing has yet to be outlined. The reports of wounds
treated with this technology have been heterogeneous in
nature, across the fields of plastic, general, orthopaedic,
and spinal surgery, with no consensus on what type of
wounds would benefit most from this treatment. As a
result, the clinical indication and outcomes of using this
technology are variable, and its use in clinical practice is
guided largely by expert preference rather than evidence-
based recommendations. A recent international consen-
sus guideline (2019) on the general framework of
NPWTi-d use was developed by a consensus panel com-
posed of experts on this topic which updated the earlier
consensus guideline published in 2013, however, this evi-
dence is limited as it is an expert opinion and the current
available evidence has yet to be synthesised in a system-
atic manner.4,14

This systematic review aims to synthesise the current
evidence on the current clinical use NPWTi-d and to
establish the efficacy of this technology by measuring the
outcome of wounds treated with NPWTi-d. The current
clinical usage of NPWTi-d will also be summarised.

2 | METHODS

The protocol for this systematic review was
registered with PROSPERO international prospective reg-
istration of systematic reviews (registration number:
CRD42019140918). This systematic review was conducted
and reported according to the Meta-Analysis of Observa-
tional Studies in Epidemiology (MOOSE) guidelines.15

2.1 | Search strategies

A systematic review of the literature was performed using
the MEDLINE (OvidSP), EMBASE (OvidSP) and

Cochrane databases from 1946 to July 2019 to identify
studies of relevance to this review. The search strategy
included a combination of text words and Medical Sub-
ject Headings (MeSH) terms. No language or publication
restrictions were applied.

A sample search strategy for MEDLINE (OvidSP) is
shown and similar strategy was adapted for other
databases:

1) [“negative pressure wound therapy”] AND [“instil-
lation” OR “irritation” OR “dwell”] OR [“veraflo”] OR
[“NPWTi-d”]

2.2 | Inclusion criteria

All primary studies involving adult patients (>18 years
old) with wounds of any size and aetiology treated by
NPWTi-d were included.

2.3 | Exclusion criteria

The exclusion criteria were case series of less than
10 cases, studies describing NPWTi-d only without clini-
cal outcome data, review articles, non-English language
articles, laboratory studies, and studies involving animal
models. Abstracts and conference proceedings without
full text were not included because of the difficulty in
evaluating incomplete information. Ongoing trials with-
out complete data were not included.

2.4 | Outcome measures

The primary outcome measure was the proportion of
wound with complete closure. Wound closure is defined

Key Messages

• This review focuses on the clinical effective-
ness of Negative Pressure Wound Therapy with
Instillation and dwell time (NPWTi-d).

• This is the first systematic review and meta-
analysis on this wound care adjunct.

• NPTWi-d assists in achieving complete wound
closure in 93.65% of wounds of all aetiologies.

• The mean time to wound healing was
8.49 days, with a hospital stay duration of
18.1 days.
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as 100% re-epithelialization or closure without further
need for wound dressing.12

The secondary outcome measures were the mean
time for wound closure, proportion of wounds with failed
treatment, mean dwell time, mean dwell frequency,
mean instillation time, type of instillation solution, mean
number of dressing changes, mean therapy duration, dif-
ference in cost, length of stay, and adverse events.

2.5 | Study selection and data
management

Study selection was conducted in a two-stage process.
The titles and abstracts were initially screened by two
reviewers (NK and AM) for potential eligibility, after
excluding duplicate records. Next, studies identified as
relevant underwent full-text review by both reviewers.
Any discrepancies between the reviewers were resolved
by discussion or referring to a third reviewer (MK). The
data from all full-text articles accepted for the final analy-
sis were independently retrieved by NK and AM using a
standardised data extraction form. Any discrepancies
between the reviewers were resolved by discussion or
referring to MK. The search results, including abstracts,
full-text articles, and record of reviewer's decisions,
including reasons for exclusion, were recorded in End-
note X8 (Clarivate Analytics). Extracted data are
summarised in Table 1. Data were extracted from the
studies as presented or were calculated (e.g. mean age
and mean wound size).

2.6 | Assessment of risk of bias of
included studies

A formal risk of bias assessment was not performed as
the included studies were mostly small case series.

2.7 | Data analysis and synthesis

The main outcome measures of the included studies were
the pooled estimate of the proportions of wounds with
complete closure, proportion of wounds with failed treat-
ment, and the mean wound healing time with the
corresponding 95% confidence intervals (CI).

A meta-analysis of proportion was performed for the
proportion of wound closure. A meta-analysis of sum-
mary was performed for the mean time for wound clo-
sure, mean dwell time, mean frequency of instillation
cycle, mean therapy duration, and length of stay. Narra-
tive synthesis was performed to summarise the different

NPWTi-d settings used, cost evaluation, length of hospital
stay, and adverse events. The outcomes were analysed
using Stats-Direct Statistical software (StatsDirect statisti-
cal software, version 2�8�0; StatsDirect, Altrincham, UK).

3 | RESULTS

3.1 | Literature search results

We found 165 articles in the MEDLINE database search,
141 articles in the EMBASE database search, and 17 arti-
cles in the CENTRAL database search. References from
these three searches were combined, and after removing
the duplicates, 227 articles were available for title and
abstract reviewing. Of these, 191 articles did not meet the
inclusion criteria and were excluded. Following full-text
review of the remaining 36 articles, 24 articles were
excluded as the inclusion criteria were not met. A total of
13 articles were included and formed the basis of this sys-
tematic review (Figure 1). Cross-checking of the refer-
ence list revealed that no article was missed by the initial
search. Details of the included studies were summarised
in Table 1.

3.2 | Clinical application of NPWTi-d

A total of 624 wounds in 542 patients were treated with
NPWTi-d. The mean age of the patients was 56.67
± 1.06 years.

NPWTi-d was used on wounds of varying aetiologies
and was reported in 521 wounds. These included surgical
wounds (n = 186), trauma (n = 112), pressure ulcers
(n = 73), neuropathic (n = 56), infection (n = 28), dia-
betic ulcers (n = 20), necrotizing fasciitis (n = 19), burns
(n = 15), venous (n = 10), and vasculitis (n = 2).

3.3 | Wound closure outcome

Wounds treated with NPWTi-d achieved complete clo-
sure via several different techniques, with the commonest
being split-thickness skin graft (n = 126) followed by
local/free flap (n = 99), primary closure (n = 45), and sec-
ondary intention (n = 32). Data on the method of wound
closure and number of wounds were reported in
8 studies.

The pooled proportion of wounds that achieved com-
plete closure was 93.65% (95% confidence interval:
84.02-99.04) (Figure 2). Data on the number of wounds
with complete closure were reported in 11 studies, involv-
ing 333.4 wounds. Meanwhile, the pooled proportion of

1950 KANAPATHY ET AL.
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wounds that failed treatment was 6.35% (95% confidence
interval: 0.96-15.98). Data on the number of wounds that
failed treatment were reported in nine studies, involving
11 wounds.

The pooled mean time for wound closure for all
wound was 8.49 days (95% confidence interval:
5.09-11.90) (Figure 3). The mean time for wound closure
was reported in 9 out of the 13 included studies.

3.4 | NPWTi-d settings

Most of the included studies reported data on the
NPWTi-d settings and instillation solution used. The pool
mean dwell time was 14.23 minutes (95% confidence
interval: 10.88 to 17.59) with a mean frequency of instilla-
tion cycle of every 4.17 ± 2.32 hourly.

With regards to the type of instillation solution, Nor-
mal Saline Solution (NSS) was the commonest used
(7 out 12 studies). Other solutions used included these
antimicrobials: 0.1% polyhexadine plus 0.1% betaine solu-
tion, mafenide solution, 1/4 and 1/8 Dakins solution,
0.02% polyhexadine and silver nitrate. In a randomised
controlled trial comparing NSS and 0.1% polyhexadine
plus 0.1% betaine solution in 100 patients, the NSS group
was found to require less time to complete wound closure
(5.6 days versus 7.5 days, P = .04) as well as no

significant differences in length of hospital stay, propor-
tion of wounds with complete closure and number of
subsequent debridements required.16

The mean frequency of NPWTi-d dressing changes, as
reported in four studies, was every 2.75 ± 0.43 days. The
mean therapy duration, reported in 11 studies, was
10.69 days (95% confidence interval: 10.46-10.91).

3.5 | Cost of NPWTi-d

Only one study discussed the cost of NPWTi-d, which
was compared to the cost of NPWT.6 In this retrospective
study, Gabriel et al used a theoretical economic model,
which incorporated the costs of the therapy unit, cannis-
ters used, and dressings for both treatment modalities.
The daily cost of NPWTi-d was reported to be $194.80,
while the daily cost of NPWT was $106.08. However,
throughout the length of treatment, NPWTi-d was
reported to be more cost effective by $1418 because of the
reduced duration of hospital stay in the NPWTi-d groups
(NWPTi-d:8.1 day versus NWPT:27.4 days). Further,
there was an estimated savings of $8143 by using
NPWTi-d because of the fewer surgical debridements
needed in this group (mean of two debridements in the
NPWTi-d group versus 4.4 debridements in the NPWT
group).

FIGURE 1 The PRISMA (preferred

reporting items for systematic reviews

and meta-analyses) flow diagram
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3.6 | Length of stay

The length of hospital stay varied greatly according to
the aetiology of the wound. The pooled mean length of
hospital stay in 184 patients with wounds in the torso
and limbs was 18.1 days (95% confidence interval:
17.2-19 days). However, the length of hospital stay in
patients with burns and necrotising fasciitis was
reported to be much longer, with an average length of
hospital stay of 30.7 ± 29.2 days and 35.2 ± 17.8 days,
respectively.13 One study reported that patients with
abdominal wound dehiscence with mesh exposure to
have a longer length of stay with a median of 66 days.9

3.7 | Adverse events

Out of 12 studies reviewed, adverse events and com-
plications were reported in only 2 papers.9,13 Pain
was one of the adverse events reported in a retro-
spective study involving 21 patients, which recorded
mild pain with mean of 2.95 ± 2.40 in a 10-point
Likert scale (3.20 ± 2.18 for burns patients and 2.33
± 3.01 for necrotizing fasciitis patients).13 In another
study, which evaluated the use of NPWTi-d in
11 patients with abdominal wound dehiscence with
mesh exposure, a new wound dehiscence was
reported in 1 patient.9

(A)

(B)

FIGURE 2 A, Pooled estimate of the

proportion of wounds that achieved complete

closure (random-effects plot). B, Pooled estimate

of the proportion of wounds that failed

treatment (random-effects plot). Proportions are

shown with 95% confidence intervals
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4 | DISCUSSION

The aim of this systematic review was to evaluate the effi-
cacy of using negative pressure wound therapy with
instillation for wound healing by synthesising the current
available evidence on NPWTi-d. We found 13 articles,
and no randomised controlled trials comparing NPWTi-d
against NPWT or other dressings. We found one article
which was a randomised effectiveness study comparing
outcomes for different types of instillation solutions in
NPWTi-d but no comparison was made with other mode
of treatment. A majority of the current evidence involves
retrospective analyses and prospective case series.

We found that complete healing was achieved in
93.65% (95% confidence interval: 84.02-99.04) of the
wounds, with a mean time to complete healing of
8.49 days (95% confidence interval: 5.09-11.90). The fail-
ure rate of wounds to achieve complete healing was
6.35% (95% confidence interval: 0.96-15.98). However, the
quality of these results is limited, as the studies employed
NPWTi-d on wounds of various aetiology and sizes along
with different wound closure techniques, often collec-
tively analysed in the same study. Nevertheless, this find-
ing demonstrates the ability of this technology to
improve wound healing in a broad range of wounds with
several indications. Furthermore, a direct comparison
between NPWTi-d and NPWT or standard moist wound
care therapy was not performed in a prospective
randomised controlled trial to establish the difference in
outcome. Similar to the included studies, the recent inter-
national consensus on NPWTi-d agreed on its use for a
broad range of wound aetiology, however, highlighted
that NPWTi-d does not replace debridement or

appropriate surgical care but can be used as adjunct for
debridement and wound bed preparation.4 Importantly,
the panel highlighted a range of wounds that is contra-
indicated for NPWTi, which includes wounds with pres-
ence of exposed, unprotected organs and vessels, wounds
with presence of undrained abscess, over split-thickness
skin grafts, over dermal substitutes, and in acutely
ischaemic wounds.4

In terms of NPWTi-d settings, the pool mean dwell
time was 14.23 minutes (95% confidence interval:
10.88-17.59) with a mean frequency of instillation cycle
of every 4.17 ± 2.32 hourly. Kim et al compared a dwell
time of 6 to 20 minutes in 68 wounds of varying aetiol-
ogies, and there were no statistically significant differ-
ences in hospital stay, time to complete wound healing,
percentage of failed treatments, and number of subse-
quent debridements required.9,16 The international con-
sensus recommended instillation solution dwell time of
10 minutes to allow adequate time to cleanse the wound.4

In addition, the panel recommended considering shorter
dwell times in wounds that are challenging to seal and
longer dwell times in wounds with areas of fibrinous
tissue.4

The choice of the instillation solution in the studies
was varied with no clear evidence supporting the choice
of solutions used. Normal Saline solution was the most
commonly used irrigation solution, with reported similar
wound outcomes when compared to the antiseptic 0.1%
polyhexadine plus 0.1% betaine solution in a randomised
controlled trial.16 The recent international consensus rec-
ommends the use of either of the following five solutions
for installation: normal saline, hypochlorous acid solu-
tion, sodium hypochlorite solution (dilute Dakin's

FIGURE 3 Pooled estimate of the mean

time for wound closure (random-effects plot)

with 95% confidence intervals
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solution 0.125% or quarter strength), acetic acid solution
(0.25%-1.0%), and polyhexamethylene biguanide (0.1%)
+ betaine (0.1%).4,13 However, due to lack of comparative
studies comparing the outcomes of these solutions
against normal saline, the highest level of current evi-
dence, supported by the single randomised controlled
trial, would recommend the use of normal saline as the
instillation solution.

NPWTi-d adds a new dimension to the standard
NPWT in that there is a combined action of negative
pressure therapy with intermittent instillation of solution
into the wound bed, resulting in extended wound cleans-
ing as a component of the wound therapy.17 This results
in the dilution and removal of wound exudate and infec-
tious materials, maintains a clean wound environment,
and so the cellular metabolic resources are utilised in the
healing pathway (for example, cell proliferation, and
matrix deposition) instead of excessive inflammatory and
immune reaction.18 The superiority of this technology
over NPTW in promoting wound healing via increased
granulation was initially demonstrated in porcine animal
models by Lessing et al18. NPTWi was reported to result
in 44% more granulation tissue and decreased wound
perimeter and surface area compared with different set-
tings of NPWT (continuous, intermittent, and dynamic)
at day 7 of treatment.18 These data suggest that the
increased granulation tissue response with NPTWi-d is
due to the extended wound cleansing after debridement
rather than the intermittent nature of negative pressure
therapy alone.

The evidence in this study is limited by the lack of
high-quality level 1 evidence. The existing studies were
mostly small retrospective case series, which are often at
high risk of bias. Formal bias assessment was not per-
formed because of this reason. There were no prospec-
tive, randomised control studies with direct comparison
of NPWTi-d to NPWT or standard moist dressing
changes, which limits our comparison of this new ther-
apy to currently used adjuncts. Besides that, our search
criteria excluded case series of lesser than 10 cases which
may have eliminated report on the use of this technology
in our clinical settings. Further, the proportions of
wounds with complete healing were reported collectively
for all wound sizes and aetiologies, rather than per-
forming a subgroup analysis, because of incomplete
reporting of the included studies. Moreover, despite
wounds of various aetiologies were included in the stud-
ies, more than half of the study population involved sur-
gical and traumatic wounds, potentially limiting the
generalisability of the results. Similarly, the different
types of instillation solutions in NPWTi-d were assumed
to produce similar wound outcomes for the purposes of
this review, however, this is potentially not the case and

further studies need to evaluate the exact effect of various
therapeutics. Lastly, the data on NPTWi-d cost analysis
included in this review was based on reports from a sin-
gle study; hence, despite giving an idea on the average
cost, it may not be representative to all settings.

5 | CONCLUSION

In conclusion, NPWTi-d offers a high proportion of
wounds with complete healing and has versatility to
improve wound healing in a broad range of wounds.
However, our conclusions are limited by the lack of high-
quality evidence. Randomised controlled trials evaluating
the efficacy of NPWTi-d against NPWT or standard dress-
ings is required to outline the wound closure outcome,
NPWTi-d settings and its cost effectiveness.
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