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a b s t r a c t

Introduction: Although skin grafts are widely used in reconstruction of large skin defect and

complex wounds, many factors lead to suboptimal graft take. Negative-pressure wound

therapy (NPWT) reportedly increases the graft take rates when added to skin grafting, but a

summary analysis of the data of randomized controlled trials has yet to be performed. We

conducted this systematic review and meta-analysis of randomized controlled trials to

compare the effectiveness and safety of NPWT and non-NPWT for patients with skin grafts.

Methods: We searched PubMed, Embase, Cochrane Library, and CNKI for relevant trials based

on predetermined eligibility criteria from database establishment to February 2020. Two

reviewers screened citations and extracted data independently. The quality of the included

studies was evaluated according to the Cochrane Handbook, whereas statistical heteroge-

neity was assessed using chi-square tests and I2 statistics. Review Manager 5.3 was used for

statistical analysis.

Results: Ten randomized controlled trials with 488 patients who underwent NPWT or non-

NPWT were included. Compared with non-NPWT, NPWT yielded an improved the

percentage of graft take, a reduction in days from grafting to discharge, with lower relative

risk of re-operation, and no increased relative risk of adverse event. Further, the subgroup

analysis showed an improved the percentage of graft take in negative pressure of 80 mmHg,

and no improved the percentage of graft take in negative pressure of 125 mmHg.

Conclusion: NPWT is more effective than non-NPWT for the integration of skin grafts, and the

negative pressure of 80 mmHg can be recommended. Data on adverse events and negative

pressure are, however, limited. A better understanding of complications after NPWT and the

ideal negative pressure for the integration of skin grafts is imperative.
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1. Introduction

Wounds undergoing reconstruction are usually large skin
defect and complex wounds caused by diabetic foot ulcers,
burns, degloving, pressure sores, etc. One of the principal tools
of a the modern surgeon (such as burn surgeon, plastic
surgeon) is skin grafting. The skin graft to survive consists of
3 phases: serum imbibition, revascularization, and matura-
tion. The most critical phase is revascularization process, can
be affected by many factors. Common culprits of skin graft loss
are the result of the formation of seroma or of hematoma
under the graft which interfere directly with serum imbibition
and revascularisation, imprecise apposition of the graft to its
bed, shear forces between the graft and the bed, and infection
of the graft [1]. A method of wound coverage that prevents
these events has always been sought. However, nowadays, no
one method can close the skin defect and discharge the patient
successfully in all the cases and conditions.

The technique of negative-pressure wound therapy
(NPWT), is based on the use of a closed sealed system that
places continuous or discontinuous sub-atmospheric pressure
over a surface, initially used for better wound healing,
described by Morykwas et al. [2] in the United States in 1997.
Theoretical healing advantages of NPWT include increased
local blood flow to the wound, promoting angiogenesis,
stimulation and formation of healing granulation tissue [3].
NPWT covering and stabilizing the skin graft can be favorable
to wound healing by enhancing adhesion of the skin graft
through holding them firmly to the recipient site, reducing the
formation of seroma or of hematoma beneath the graft and
maceration under the dressing through exudate removal, and
maintaining a moist environment.

In view of this compelling rationale, a series of clinical
trials have assessed NPWT versus non-NPWT in the
integration of skin grafts to the recipient site. Recognising
that individual studies might not be able to provide
sufficient data on their own to affect practice, and two
previous meta-analyses have failed to demonstrate a
relatively reliable conclusion, because of various limitations
such as they have not included a relatively large number of
randomised controlled trials (RCTs), a pooled analysis of

days from grafting to discharge, in other words, this
important clinical question remains unaddressed [4,5], In
addition, three RCTs have been published recently [6�8]. We
sought to objectively assess the potential role of this
treatment versus conventional dressing methods in the
management of skin grafts. Outcome parameters of interest
for our search including: a subset of 9 studies reported the
percentage of graft take when NPWT was used after grafting.
In 3 studies the days from grafting to discharge was
provided. In 5 studies the re-operation rate was provided
and 6 studies reported adverse event. We therefore did a
systematic review and meta-analysis of RCTs to establish
the effectiveness and safety of NPWT versus non-NPWT on
the key outcomes of the percentage of graft take, days from
grafting to discharge, re-operation and adverse event in
patients with skin grafts.

2. Methods

2.1. Search strategy and selection criteria

This systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement [9], and was
registered at International Prospective Register of Systematic
Reviews (number CRD42020169538).

We selected relevant studies published from their earliest
available dates through February 2020, by searching PubMed,
Embase, Cochrane Library, and CNKI. We applied the restric-
tions of English-language text. Keywords according to Medical
Subject Heading terms(MESH) with Boolean operators were
impored. These search strategies retrived different records
which were combined with the Boolean operator “AND” to
obtain the first number of records. The bibliographies of
related systematic reviews and clinical guidelines were
searched, the reference section for each study was also
searched. We also did a manual search, using the reference
lists of key articles published in English. In addition, we
manually searched the Chinese databases of journals, dis-
sertations and magazines for related articles as well as the
references to these articles.
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2.2. Study selection and data extraction

We regarded studies as eligible for inclusion if they were
randomised clinical trials done in patients with skin grafts,
compared NPWT to non-NPWT, and reported changes in the
percentage of graft take or days from grafting to discharge or
re-operation or adverse event. Literature studies written in
English have been included in this manuscript.

The outcomes assessed were as follows: the difference
between two treatment modalities on the percentage of graft
take, days from grafting to discharge, re-operation and adverse
event were experienced by patients.

Two independent investigators (ZYJ, GHG) reviewed study
titles and abstracts, and studies that satisfied the inclusion
criteria were retrieved for full-text assessment. Trials selected
for detailed analysis and data extraction were analysed by two
investigators (XTY and XCL) with an agreement value (қ) of
96.5%; disagreements were resolved by a third investigator
(MZL).

Data of the independent variables included: publication
year, country of publication, sample size in each group, age of
participants, proportion of men and women, thickness of skin
grafts, mean size of the wound grafted, treatment interval,
negative pressure in NPWT, covering time of dressings, follow
up period and the values of the percentage of graft take and the
days from grafting to discharge were summarized. Total
numbers of participants with re-operation and adverse event
were extracted from both modalities. Two independent
reviewers (ZHF, DHM) assessed risk for bias according to the
PRISMA recommendations.

2.3. Assessment of risk of bias in included studies

The risk of bias in included studies was assessed by two
review authors independently according to the Cochrane
Handbook for Systematic Reviews of Interventions, which
included seven items: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting, and other sources of bias. Different
opinions were resolved by discussing with a third author.
Further more, in case of disagreements regarding the risk of
bias judgement, discussion was conducted until a consensus
was reached. All authors of this research had got the
certification from Chinese Clinical Trial Registry Training
Program. The quality of the systematic review and meta-
analysis was assessed using the A MeaSurement Tool to
Assess systematic Reviews (AMSTAR) 2 checklist [10].

2.4. Data analysis

We assessed the effectiveness and safety of NPWT versus non-
NPWT on four outcomes: the percentage of graft take, days
from grafting to discharge, re-operation and adverse event. We
analysed the percentage of graft take, days from grafting to
discharge at study end as continuous variables and calculated
as mean difference (MD). For analyses of the proportion of
participants needing for a 2nd coverage procedure and those
having complications, calculated as an overall odds ratio(OR).
We calculated the mean and variance from the reported

median, range, and sample size if the standard deviation of
continuous data was not reported in the published article [11].

We calculated pooled estimates of the mean differences
and corresponding 95% confidence intervals (CI) in the
percentage of graft take and days from grafting to discharge
between two treatments, respectively by using a random-
effects model and a fixed-effects model to adequately account
for the additional uncertainty associated with inter-study
variability in the effect of the two methods. For categorical
outcomes, we also calculated pooled estimates of the odds
ratio and 95% CI with a fixed-effects model. This comparison is
the most important clinical question pertaining to the role of
NPWT in the integration of skin grafts to the recipient site and
also reduced the heterogeneity of the treatment-induced
changes in outcomes in the comparator arm seen in the overall
analysis.

Odds Ratios (OR) and mean difference (MD), 95% CI were
calculated with Review Manager, version 5.3 (provided by the
Cochrane collaboration network). The I2 test for heterogeneity
and fixed-effects model (I2 < 50%) and random-effects model
(I2� 50%) were applied and P < 0.05 was considered to indicate
statistical significance.

3. Results

We identified 457 studies, including 168 from PubMed,
135 from EMBASE, 87 from Cochrane Library and 67 from
CNKI; 208 duplicated studies and non-English language
articles were deleted. At the stage of titles and abstracts
screen, 238 studies, including 138 related with NPWT in
traumatic wound, 67 related with NPWT in diabetic wound,
and 33 related with NPWT in pressure ulcers, were excluded
because they were not related with the efficacy and safety of
NPWT versus non-NPWT in the integration of skin grafts to the
recipient site, and the remaining 11 articles were retrieved for a
full-text review. However, 1 study [12] did not provide
sufficient data, so the study was excluded (Fig. 1A). Finally,
the 10 trials were all published between 2004 and 2019
(Table 1), one of the included RCTs originated from USA, one
of the included RCTs originated from China, one of the
included RCTs originated from France, one of the included
RCTs originated from New Zealand, one of the included RCTs
originated from Canada, one of the included RCTs originated
from England, one of the included RCTs originated from Chile,
three of the included RCTs originated from India and
compared NPWT versus non-NPWT for patients with skin
grafts. The following variables were extracted from the
included studies: publication year, country of publication,
sample size in each group, age of participants, proportion of
men and women, thickness of skin grafts, mean size of the
wound grafted, treatment interval, negative pressure in
NPWT, covering time of dressings, follow up period (Table 1).

3.1. Assessment of risk of bias of the included studies

Seven of the included studies [6,8,14�17,19] cited the method of
random sequence generation. Five of the included studies
[6,8,14�16] cited the procedure of allocation concealment. Only
one of the included studies [14] cited blinding of participants
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and personnel. Three of the included studies [6,13,15] cited
blindingofoutcomeassessment. Details ofassessment ofriskof
bias of included studies were shown in Fig. 1B.

In the pooled analysis results regarding effectiveness
after the treatment, nine randomised controlled studies
[6,7,13�19] provided effectiveness data in terms of the
percentage of graft take, which included 245 NPWT group
cases and 239 control group cases. A heterogeneity test
showed significant heterogeneity among the studies (I2 =
64%, P = 0.004). A pooled analysis showed that the difference
between the NPWT and control groups was significant (MD =
6.10, 95% CI [1.85 10.34], P = 0.005); hence, the NPWT group
exhibited superior results compared with the control group
(Fig. 2A). However, the study of Clark et al. [8] did not provide
concrete data of the percentage of graft take and was
excluded.

Further, assessment of four included studies [14,16,17,19]
with regard to the percentage of graft take by subgroup
analysis and showed no heterogeneity among the studies (I2 =
0%, P = 0.77), and significant differences between the NPWT
group and the control group in negative pressure of 80 mmHg
(MD = 9.51, 95% CI [6.51 12.51], P < 0.00001), the NPWT group
exhibited superior results compared with the control group.
However, we assessed three other included studies [6,7,15] by
subgroup analysis and showed significant heterogeneity
among the studies (I2 = 85%, P = 0.001), and no significant
differences between the NPWT group and the control group in
negative pressure of 125 mmHg (MD = 2.31, 95% CI [�8.61 13.23],
P = 0.68) (Fig. 2B).

Three randomised controlled studies [14,16,17] provided
useful data regarding significant decreases in days from
grafting to discharge. These studies included 86 NPWT group
cases and 85 control group cases. A heterogeneity test showed
no heterogeneity among the studies (P = 0.78, I2 = 0%). The
pooled analysis showed that the difference between the NPWT
group and the control group was significant (MD = �3.35, 95%
CI [�4.21 �2.49], P < 0.00001). The NPWT group exhibited
results that were superior to the control group (Fig. 3).
However, six of the included studies [7,8,13,15,18,19] did not
mention the days from grafting to discharge and the study of
Mohsin et al. [6] did not provide concrete data of the variable,
were excluded.

Five randomised controlled studies [6,8,13,14,17] provid-
ed effectiveness data in terms of re-operation following
treatment. These studies included 147 NPWT group cases
and 148 control group cases. A heterogeneity test showed no
significant heterogeneity between the studies (P = 0.58, I2 =
0%). The pooled analysis showed that the difference
between the NPWT group and the control group was
significant (OR = 0.25, 95% CI [0.10 0.61], P = 0.003). The
total event percentage (7/147) of the NPWT group was less
than that (23/148) of the control group, and similarly, the
NPWT group performed better than the control group
(Fig. 4). However, five of the included studies
[7,15,16,18,19] did not provide concrete data of re-operation,
were excluded.

Six randomised controlled studies [7,8,15,17�19] provided
effectiveness data in terms of adverse event following

Fig. 1 – (A) Study selection process. (B) Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.
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Table 1 – Characteristics of included studies.

Reference Year Funding Sample size
N/C

Age (years)N/C Gender (M/F)
N, C

Sort of wounds Skin thickness Grafted area (cm2)
N, C

Treatment N/C Negative
pressure
(mmHg)

Type and
company of

NWPT

Covering
Time
(days)

Followed
up

Moisidis et al.
[13]

2004 � 20/20 64 (27�88) 12/8 Acute, subacute or chronic
wounds

Split-thickness
11/1000 in., 1:1.5

128 (35�450) Topical negative pressure
dressing/standard bolster
dressing

Continuous,
�100

Kinetic concepts
International, San
Antonio, Texas

5 2 weeks

Llanos et al.
[14]

2006 � 30/30 34 (20�52)/34.5 (19
�58)

26/4, 24/6 Burns, exposed fractures,
loxoscelism, degloving,
other

Split-thickness
0.12 mm

33.8 (8.8�124.3),
31.2 (5.5�179.7)

Negative pressure closure
dressing/similar dressing
but without connection to
negative pressure

Continuous,
�80

The central aspi-
ration system

4 �

Chioet al. [15] 2010 None 23/27 62.1/58.1 14/9, 16/11 The radial forearmfree flap
donor site

Split-thickness
0.012 in.

72.9 (27�160), 69.3
(28�165)

Negative pressure dress-
ing/static pressure
dressing

�, �125 V.A.C. device;KCI,
San Antonio, TX

6 1 month

Petkar et al. [16] 2011 � 21/19 32 (7�68)/28.5
(7�60)

14/16 Acute and sub-acute burn
wounds, chronic ulcers af-
ter burn (>3 months), con-
tracture release and scar
excisions, dermabrasion

Split-thickness 244 (16�1200), 183
(16�1000)

Negative pressure dress-
ing/conventional dressing

�, �80 � 4 9 days

Petkar et al. [17] 2012 Fluid Grant,
CMC Vellore

35/36 34.08 (2�69)/35.14
(16�77)

20/15, 22/14 Fresh surgical wound,
acute wound, traumatic
wound, burn wound, dia-
betic wound, inflammato-
ry wound

Split-skin 239.77 � 299.50,
269.06 � 336.74

Vacuum closure/conven-
tional dressing

Continuous,
�80

� 4 3 weeks

Hsiao et al. [18] 2016 VGH-102-C-
153
and
103-V-B-063

14/14 (24�76) 14/0, 13/1 Donor site for free flap,
trauma wound

Split-thickness
0.15�0.20 mm
1:1.5

11 � 120 cm2 3 >

120 cm2, 9 � 120
cm2 5 > 120 cm2

Occlusive drainage sys-
tem/conventional indirect
wet dressing

�, � S56027 18FR,
PAHSCO, Taiwan

7 3 months

Leclercq et al.
[19]

2016 � 24/22 79.2 (63�89)/73.1
(38-100)

7/17, 6/16 Chronic leg ulcers Thickness of 4
mm

22.8 (1.3�57), 19.8
(2.9�77)

VAC/hydrocolloid
dressings

Continuous,
�80

� 5 3 months

Mohsinet al. [6] 2017 None 50/50 39.5 � 16.2/40.1 �
17.4

36/14, 39/11 Trauma, diabetes, burn,
after fasciotomy, infected
and frostbite wonds

Split-thickness 93.78 � 74.12,
135.68 � 122.82

Negative-pressure wound
therapy/convention-al
dress

�, �125 � 4 �

Vather et al. [7] 2018 � 28/21 68.1/74.7 14/14, 12/9 Wounds in lower limb skin
cancer

Split skin � Negative pressure device/
softban and crepe dressing

Continuous,
�125

� 5�7 12 weeks

Clark et al. [8] 2019 None 12/12 59.7 (12.6), 59.3
(11.8)

4/8, 10/2 The radial forearmfree flap
donor site

Split thickness 70.7 (24.9), 87.9
(44.3)

Negative pressure wound
dressings/static pressure
dressings

�, �80 PICOTM Smith &
Nephew, Hull, UK

7 3 months

N, the NPWT group; C, the control group; �, not available.
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treatment. These studies included 136 NPWT group cases and
132 control group cases. A heterogeneity test showed no
heterogeneity between the studies (P = 0.35, I2 = 9%). The
pooled analysis showed that no significant differences
between the NPWT group and the control group (OR = 1.07,

95% CI [0.54 2.12], P = 0.85). The total event percentage (26/136)
of the NPWT group was not significantly less than that (25/132)
of the control group (Fig. 5). However, four of the included
studies [6,13,14,16] did not provide concrete data of adverse
event, were excluded.

Fig. 2 – Meta-analyses of NPWT versus conventional dressing methods in the integration of skin grafts to the recipient site,
comparing the percentage of graft take.

Fig. 3 – Meta-analyses of NPWT versus conventional dressing methods in the integration of skin grafts to the recipient site,
comparing days from grafting to discharge.

Fig. 4 – Meta-analyses of NPWT versus conventional dressing methods in the integration of skin grafts to the recipient site,
comparing re-operation.
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4. Discussion

Our results show that, compared with conventional dressing
methods, NPWT was more effective in the integration of skin
grafts to the recipient site, with more significant improve-
ment in the percentage of graft take, a reduction in days from
grafting to discharge, lower relative risk of re-operation, and
no increased relative risk of adverse event. Further, the
subgroup analysis demonstrates an improved percentage of
graft take in �80 mmHg and no improvement of graft take in
�125 mmHg groups. These data thus lend support to
compared with conventional dressing methods, NPWT as a
more effective therapeutic strategy that can improve the
management of skin grafts, and �80 mmHg can be
recommended.

In the management of skin grafts, numerous modalities
have been described for covering and stabilizing the skin graft,
ranging from conventional dressing to innovations attempted,
such as non-adherent dressings along with cotton pads with or
without a tie-over bolster dressing, petroleum gauze, immo-
bilization with splints, hydrocolloid films and polyurethane
films, fibrin glue, staplers and plastic syringe, rubber bands,
etc. [20�22]. However, the optimal therapeutic strategy that
yields universally accepted treatment resulting in the integra-
tion of skin grafts to the recipient site, has not been
established. A ideal dressing material should not interfere
with the process of wound healing, what is more, provide a
good environment that prevents non-adherence of the graft,
and protect the graft from infection. Last but not least, it should
be comfortable and accessible for the patient [23].

The efficacy of NPWT for management of infected trauma
and chronic and burn wounds has been well recognised. NPWT
also known as vacuum-assisted closure, vacuum therapy and
topical negative-pressure therapy in different parts of the
world [24]. The device consists of a specialized pump system
delivering an continuous or discontinuous sub-atmospheric
pressure. The pump system is connected to a resilient,
reticulated open-pore foam-surface dressing over a surface
of soft tissues, covered with an adhesive drape to maintain a
closed sealed system, and a canister to collect wound exudate
[25]. Although NPWT has been demonstrated to improve
wound healing in a number of settings, negative pressure is the
critical factor affecting the therapeutic effect and should be
tailored to each specific condition [26]. The ideal negative

pressure of NPWT can increase local blood flow, stimulate
granulation tissue formation, improve its irrigation and
remove exudate, and decrease bacterial load within the
wound, hence providing a favorable wound healing environ-
ment [27].

Subsequently, some case series and reports have proposed
the use of NPWT as a modality for covering and stabilizing the
skin graft,and some of the studies have shown encouraging
results [28,29]. However, some studies showed that the NPWT
does not appear to offer a significant improvement over
conventional dressings in healing of skin graft [15,19].

Based on this, the study including 10 RCTs evaluating
NPWT versus non-NPWT in the integration of skin grafts to the
recipient site, has yielded robust and consistent findings that
lend support to NPWT is more effective than conventional
dressing in skin grafts. Moreover, compared with conventional
dressing methods, NPWT yielded no increased relative risk of
adverse event. Further, the subgroup analysis showed that for
the percentage of graft take, NPWT was superior to non-NPWT
in negative pressure of 80 mmHg, and NPWT was not superior
to non-NPWT in negative pressure of 125 mmHg. In other
words, the negative pressure of 80 mmHg can be recom-
mended for the integration of skin grafts to the recipient site.
This is consistent with the study led by Topaz [26]. Moreover,
AMSTAR 2 is a critical appraisal tool for systematic reviews, the
overall quality of our meta-review, rated via the AMSTAR-
2 tool, found that this review had no potential critical
problems. Indeed, this consistency is apparent despite the
fact that these studies differ in several ways, including the
baseline characteristics of wounds, covering time, and grafted
area. Taken together, these studies are supportive of the
generalisability across clinical settings of the observed more
suitable of NPWT. In addition, it is reassuring that, for the
percentage of graft take, the between-study heterogeneity that
likely reflected the differences in the negative pressure, and
four included studies [14,16,17,19] with regard to negative
pressure of 80 mmHg by subgroup analysis and showed no
heterogeneity among the studies.

However, based on a comprehensive analysis, several
limitations were found pertaining to these studies. First, the
ten articles included in this study primarily adopted random,
controlled research and design methods; however, for three of
the included studies the randomization method and allocation
concealment are not described in detail, which may result in
high risks of selection biases. Moreover, blinding was hard to

Fig. 5 – Meta-analyses of NPWT versus conventional dressing methods in the integration of skin grafts to the recipient site,
comparing adverse event.
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achieve due to the presence and application of the suction
device over patient’s wound. Second, the data on days from
grafting to discharge, re-operation and adverse event are not
collected as part of all the articles included. Third, the one
included study with a self-made occlusive drainage system did
not show the negative pressure. Fourth, the application time
for the NPWT was not uniform, which may have hindered the
synthesis of the results and analysis. Finally, it is difficult to
cover the recipient site that has not enough healthy skin for
draping in NPWT. For a large and irregular wound, maintaining
sufficient negative pressure in the whole wound can also be a
problem. Further study is needed in this case.

5. Conclusions

In conclusion, our study presents limited evidence from
10 individual trials that NPWT is more effective than non-
NPWT in the integration of skin grafts to the recipient site, with
more significant improvement in the percentage of graft take
and reduction in days from grafting to discharge, as well as
fewer re-operations and no increased relative risk of adverse
events. The negative pressure of 80 mmHg can be recom-
mended. Data on adverse event and negative pressure are,
however, limited. A better understanding of complications
after NPWT and the ideal negative pressure for the integration
of skin grafts is imperative.
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