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Negative-pressure Therapy versus Conventional Therapy on Split-thickness Skin
Graft: a systematic review and meta-analysis
Abstract:
Objective: To compare the clinical outcomes of negative-pnessuound therapy
(NPWT) versus conventional therapy on split-thidsekin after grafting surgery.
Design: Meta-analysis
Background: Split-thickness skin grafts are widely used inorestruction of large
skin defects. Conventional therapy causes paimduiiessing changing. NPWT is an
alternative method to cover the wound bed.
Methods: The Pubmed, Embase, and Cochrane databases warehexk for
randomized controlled trials (RCTs) or cohort séisdior articles published between
1993 and April 2017 comparing NPWT to conventionabund therapy for
split-thickness skin grafts. The rate of graft takas the primary outcome of this
meta-analysis. Wound infection and reoperation cdt¢he wound were secondary
outcomes. Data analysis was conducted using theeWwdwanager 5.3 software.
Results: Five cohort studies and seven RCTs including &&epts were eligible for
inclusion. Patients treated with NPWT had a sigalffitly higher rate of graft take
compared to those treated with conventional thefiy=7.02, (95% CI 3.74, 10.31)]
(P=0.00). NPWT was associated with a reductioreoperation [RR=0.28, (95% CI
0.14, 0.55)] (P=0.00). The reduction in wound itif@t was not significant [RR=0.63,
(95% CI1 0.31, 1.27)] (P=0.20).
Conclusion: Compared with conventional therapy, NPWT signifitamcreases the
rate of graft take and reduces the rate of reojperathen applied to cover the wound
bed with split-thickness skin graft. No significamipact on wound infection was
found in this study.
Keywords. negative-pressure therapy; conventional theraplif-thickness skin;
meta-analysis
1. Introduction:

Soft tissue coverage for skin defect wounds remaimchallenging therapeutic

problem for patients sustaining traumatic injuri@&d burns. Postoperative
1
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complications can prolong the hospital stay, insee@ospital expense and lead a
lower quality of life.(1) Hence, the method of walrcoverage has become
increasingly important, especially in orthopaedigagery.(2) Split-thickness skin
grafting is a fundamental technique widely usedhi@ reconstruction of large skin
defects. It is very important to explore the mditient way to cover the grafted skin
and maximize the rate of graft take. The graftad blas to go through three stages to
survive: serum imbibition, revascularization, andtuanation.(3) Revascularization is
the most critical and is easily influenced by emédrfactors. The determinants of
skin-graft take include the thickness of graft, #adt tissue bed and the coverage
technique. The common causes of skin graft lossgheeesult of the formation of
hematoma under the graft, infection of the grafskth and shear forces of the
interface. If the grafted skin has a large area,ltsen a second surgery is needed to
remedy the wound bed.

Conventional postoperative recipient site care aberusually refers to a
protective layer of petroleum gauze and cotton gaammbined with tie-over dressing
technique. The disadvantages of conventional teciasi of skin grafting includes
suboptimal graft take due to hematoma under théegrakin and shearing of the
interface, which would hinder the skin survivaltie bed. To achieve drainage of the
hematoma and immobilization, conventional dressargsused with the cotton gauze
and tie-over technique. However, this conventioma¢thod of covering and
stabilizing the skin graft is unwieldy and ineffieet To maintain a moist condition
for the grafts to take, saline-moistened gauzepatitbleum gauze need to be changed
frequently. Replacement of the dressings can cpasein patients and increase the
workload of medical staff.

The technique of negative-pressure wound therapd¥{) has been reported as
a good alternative to conventional dressing forgpi@-thickness grafts. The efficacy
of NPWT was initially described by Morykwas and Arga in the United States.(4)
In addition, NPWT also has been used to preparendidneds for the grafting of flap
closure.(5, 6) The negative pressure closure isdas the use of Vacuum Assisted

Closure (VAC) that places negative pressure over wlound surface, producing
2
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compression in soft tissues and improving its atign. Several studies have been
reported the usage of NPWT over grafted skin, amdesof these studies have shown
encouraging results.(3, 7-12) However, there wasneta-analysis incorporating all
these studies to compare the NPWT with the coneealtidressing technique. The
present study was performed to fill this blank aondprovide evidence-supported
answers to the questions about the cover of $ptikihess graft skin.

2. Materialsand Methods:

This meta-analysis was performed by the PreferregdoRing ltems for Systematic
Reviews and Meta-Analyses (PRISMA) (13) reportingdglines for the conduct of
meta-analysis of intervention trials.

2.1 Literature Search Strategy

Pubmed, Embase and Cochrane Library were searabrecoimparative studies
published before April 2017 involving VAC in the megement of split-thickness skin
grafts. The search terms were as follows: “vacuwsiséed closure” or “negative
pressure” or “subatmospheric pressure” “suctionssirgy” or “topical negative
pressure” or “VAC” or “vacuum therapy” AND “gauzeiion” or “conventional
gauze therapy” or “conventional treatment” or “centional dressing” or “wound
therapy” or “standard wound care” AND “skin trareqmiation” or “dermatoplasty” or
“skin grafts” or “skin grafting”.

2.2 Inclusion criteria and study selection

We identified randomized controlled trials (RCTs) olinical cohort studies
comparing NPWT versus the conventional method dirthiickness skin grafts. Only
English-language articles were included by us. i8tuthcluded reported at least one
of the following factors: rate of graft take, woudection, and reoperation. Those
studies without the outcome measures of interest wecluded. Systematic reviews,
letters, editorials, comments and guidelines wds® @&xcluded. When included
articles had the same patient cohort, only thelartvith the longest follow-up period
was selected. Reference lists of all eligible stadand relevant reviews were
manually searched for any additional studies.

2.3 Data abstraction and quality assessment
3
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Two authors (Y.C.Y and R.P.Z) independently revidvadl titles and abstracts of
studies identified by the above searches. Fullstextany potentially useful studies
were reviewed, and disagreements were resolveddoyssion. General data of the
studies, including first author, year of publicaticstudy design, mean age of the
patients, mean wound size, details of the treatwen¢ extracted in duplicate by the
two authors, using a standardized form. The qualftgvidence of outcomes was
judged according to the Newcastle Ottawa Scale. ddsthe Ottawa Scale scores
ranges from 0 to 9, with higher scores indicatietjdr quality.

2.4 Statistical analysis

Y.C.Y conducted all the calculations using Cochr&@wlaboration’s Revman 5.3
software. Pooled mean difference (MD) with a 95%fickence interval (95% CI) was
calculated for the continuous data, and risk ratiRiR) and a 95% CI were calculated
for the dichotomous data. Atest was performed to determine the overall effect
Heterogeneity among studies was estimated u€ingnd substantial heterogeneity
was represented by afi value > 50%. A fixed effects model was used if the
heterogeneity test did not reveal statistical digance (* < 50%, P > 0.1). Otherwise,
we adopted a random effects model. P < 0.05 wasidered to be statistically
significant. Sensitivity analysis was performedetglore the impact of an individual
study by deleting one study at a time. Funnel plalysis was applied to determine
publication bias.

3. Results:

3.1 Search results

The initial search yielded 283 citations, of wh@hwere excluded due to duplication.
After screening the titles and abstracts, 106 sgidvere excluded based on the
inclusion criteria, and 94 studies were exclude@rafeading the full texts for the
following reasons: case reports, animal studies-Baglish article, or inability to
compare NPWT with the conventional therapy. Finagven RCTs (3, 7-12) and five
cohort studies (14-18) involving 653 patients weligible for data extraction and

meta-analysis (Fig. 1).
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3.2 Study characteristics and quality assessment

The characteristics of all the included studies @esented in Table 1. The studies
were published between 2002 and 2016. A total & 8plit-thickness skin graft
patients were performed in the seven RCTs anddolert studies. The sample size
of these studies ranged from 20 to 142 patientss#idies compared NPWT with
conventional therapy only. Outcomes of graft talder wound infection and
reoperation were extracted and pooled. As a randfiect model was used, the
publication bias risk for graft take rate of sphiekness skin was analyzed by funnel
plot and shown in Fig. 2. The quality assessmeateswas high in most of cases,
ranging from 6 to 8 points (Table 1). No studiesred 9 points, because it is

impossible to carry out a double-blind study foniclal therapy.



] Study ] o NPWT, ]
First author, . NPWT/Non-NPWT Mean wound size(cf Skin thickness, . Covering | NO
desig Treatment negative .
year ) NPWT/Non-NPWT meshed time S
n Number of patienty Mean age pressure
Scherer, ) VAC VS 5% moisted cotton gauze
CS 34 VS 27 33423, 41+20 3874573, 98441996 0.01Be8sc- . 125 mmHg | 4 days
2002(14) dressing
Moisidis, 20(12 men,8 ] )
RCT 64(27-88) 128(35-450) 0.011 inches, 1:1.5 VAC Véhdard bolster dressing 100 mmHg 5 days
2004(9) women)
Llanos, 33.8(8.8-124.3), Negative pressure wound dressing
RCT | 30VS 30 34(20-52), 34.5(19-58) 0.12 mm, 1:1.5 ) 80 mmHg 4 days
2006(10) 31.2(5.5-179.7) VS polyurethane dressing
Kim, ] Negative pressure wound dressing
RCT | 37VS10 54.5(22-73) 68.2(42-122) 0.012 inches, ) ) ) 125 mmHg | 5days
2007(11) VS conventional tie-over dressing
Blume, ) ) )
2010(16) CSs 87 VS 55 54.6+£15.2, 58.4+11.9 45.4+9.69, 47.4310 0.030-0.041 cm, - VAC VS sterile compressivessireg 125 mmHg | 5 days
34.08+16.75, 239.77+299.50, VAC VS conventional cotton pads
Petkar, 2012 RCT| 35VS36 - ] 80 mmHg 4 days
35.14415.25 269.06+336.74 dressing
Negative pressure wound dressing
Ho, 2013(12) | RCT | 29VS19 61(54-71), 61(53-66) - - . . . 125 mmHg | 5days
VS conventional tie-over dressing
286.21+152.97, ) ) ] )
Lee, 2014(15)| CS 14 VS 12 56.86+8.09, 56.33+9.55 0.008 inches, 1:1.5 VAC VS conventional tie-oversding 125 mmHg 5 days
257.83+133.49
Zhang, Negative pressure wound dressing
RCT | 27VS54 45.59, 43.80 257.59, 294.87 - . 125mmHg 5 days
2015(7) VS conventional gauze
0.2 mm for scalp and ) )
Bach, ) Negative pressure wound dressing
CS 16 VS 13 58(41-76), 55(42-71) 36.8+3.4, 33.9+3 0.4 mm for skin ] 125 mmHg | 5days
2015(17) ] VS stapled bolster dressing
paddle harvesting, -
Negative pressure wound dressing
Wu, 2015(18)| CS 20VS 20 56.7+13.6, 53.6+14.3 4801%, 55.4+61.1 - ] 110 mmHg | 5days
VS stapled bolster dressing
Hsiao, 11<120 cnf 3>120 cnf, Negative pressure wound dressing
RCT | 14VS 14 51.9,52.0 0.15-0.20 mm, 1:1.5 . . - 7 days
2016(3) 9<120 cnf 5>120 cnf VS saline moisten gauze
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Fig. 2 Publication bias funnel plot for incidencegoaft take rate of split-thickness
skin

4. Results of the meta-analysis:

4.1 Rate of graft take

Seven studies provided data on the graft take afatbe split-thickness skin after

treatment by NPWT or conventional therapy. Staiadhy significant heterogeneity

was found between these two groups (P=0.08%8%). A random effects model

was applied for meta-analysis (Fig. 3), which desti@ted that the graft take rate of
split-thickness skin in the NPWT group was sigmfidy higher than in the

conventional therapy group (MD, 7.02; 95% CI, 310431; P<0.0001).

NPWT Conventional therap Mean Difference Mean Difference

udy or Subgroup ea @ a ota eigh Random % Cl 1V. Random, 95% CI

Blume 2010 952 87 87 86.2 23 55 12.4% 9.00 [2.65, 15.35] -

Kim 2007 97.8 3.2 37 84 6.24 10 17.2% 13.80 [9.80, 17.80] o

Lee 2014 96.43 497 14 9042 6.89 12 167% 6.01[1.32, 10.70] e
Moisidis 2004 86 12.52 20 86.75 18.16 20 7% -0.75[-10.42, 8.92] T

Petkar 2012 9529 589 35 8589 251 36 9.2% 9.40 [0.97, 17.83] _
Scherer 2002 96 6 34 9042 6.89 27 188% 5.58 [2.29, 8.87)] E 3

Zhang 2015 97.63 5.89 27 93.78 8.68 54 19.0% 3.85[0.64, 7.08) =

Total (95% CI) 254 214 100.0%  7.02[3.74, 10.31] 1

Heterogeneity: Tau? = 12.10; Chi* = 18.80, df = 6 (P = 0.005); I* = 68%

Test for overall effect: Z = 4.19 (P < 0.0001) -1 20 g b 100

Favours [experimental] Favours [control]

Fig. 3 Forest plot of the mean difference of gtake rate between NPWT and

conventional therapy



4.2 Wound infection

Six studies compared the wound infection of th&-$ipickness skin after treatment
by NPWT or conventional therapy. Pooled analysiswsd no difference in the
wound infection rates between these two groups (RB3; 95% CI, 0.31-1.27;
P=0.20). There was no significant heterogeneityvbeh these studies (p=0.12;

1°=48%), and a fixed effects model was used for raeglysis (Fig. 4).

NPWT Conventional therapy Risk Ratio Risk Ratio
r Subgrou Events Total Even Total Weight M-H, Fix % CI M-H, Fixed. 95% CI
Bach 2015 0 16 0 13 Not estimable
Blume 2010 2 87 3 55 19.5% 0.42[0.07, 2.44] .
Ho 2013 6 21 2 19 11.1%  2.71[0.62, 11.87] ]
Hsiao 2016 0 14 0 14 Not estimable
Wu 2015 4 20 6 20 31.8% 0.67 [0.22, 2.01] — s
Zhang 2015 0 27 10 54 37.6% 0.09[0.01,1.54] ¥ L
Total (95% CI) 185 175 100.0%  0.63[0.31,1.27] -
Total events 12 21

Heterogeneity: Chi? = 5.75, df = 3 (P = 0.12); P = 48%

Test for overall effect: Z = 1.28 (P = 0.20) 0,01 0.1 1 1 100

Favours [experimental] Favours [control]

Fig. 4 Forest plot of the mean difference of wountection for NPWT and
conventional therapy

4.3 Reoperation

Four studies reported on the reoperation of spigkness skin after treatment by
NPWT or conventional therapy. Pooled analysis slibwWet patients treated by
NPWT were less likely to undergo reoperation coragawrith patients treated with
conventional therapy (RR, 0.28; 95% CI, 0.14-0.B50.0002). No heterogeneity

was detected between these two groupsOfo), and a fixed effects model was

applied (Fig. 5).

NPWT Conventional therapy Risk Ratio Risk Ratio

Total Weight M-H. Fix M-H, Fixi

Blume 2010 3 87 9 55 35.3% 0.21[0.06, 0.74] - &

Ho 2013 0 21 2 19  84% 0.18[0.01, 3.56] *

Llanos 2006 5 30 12 30 384% 0.421[0.17, 1.04] -

Scherer 2002 1 34 5 27 17.9% 0.16 [0.02, 1.28] e

Total (95% CI) 172 131 100.0%  0.28 [0.14, 0.55] o

Total events 9 28

Heterogeneity: Chi? = 1.29, df =3 (P =0.73); I?= 0%

Test for overall effect: Z = 3.72 (P = 0.0002) oo 01 ! 10 100

Favours [experimental] Favours [control]

Fig. 5 Forest plot of mean difference of reoperatior NPWT and conventional
therapy

4.4 Senditivity analysis

Sensitivity analysis investigating the influence afsingle study on the overall

outcome was estimated by omitting 1 study in each. tWhen removing the study
8



conducted by Kim(11l) and recalculating the remanistudies, heterogeneity
changed from 68% to 0%.
5. Discussion:

This meta-analysis of five cohort studies and seR€@Ts included a total of
653 patients. All relevant data from these stuavese extracted and pooled. The
funnel plot of the main outcome did not indicatgngiicant bias. After several
analyses, we demonstrated that NPWT seems to affeignificant benefit over
conventional therapy for the treatment of splickimess skin grafts. We found a
significant benefit for both the rates of graftéa&nd rate of reoperation compared
with conventional therapy. However, there was nidl@we that NPWT reduces the
risk of wound infection.

To our knowledge, this study is the first meta-gsial to evaluate NPWT and
conventional therapy in patients treated with @&-$pickness skin graft. The rate of
graft take is an important index to evaluate thecess of skin grafts. In this present
meta-analysis, the primary outcome of this studg e rate of graft take. Of the
twelve included studies, seven had reported thie igiee rate of split-thickness skin.
The merged mean difference (MD) showed that NPWfTiggrove the rate of graft
take by 7% compared with conventional therapy. Tik&erogeneity was reduced
from 68% to 0%, when removing the Kim study durthg sensitivity analysis.(11)
The patient number of the NPWT group was 3.7 titmed of the control group,
which may lead to increased heterogeneity of tresames. Interconnections of
capillaries between the wound bed and skin graduwed at day 3, and complete
restoration of microcirculation at day 5.(19) Madtthe studies included in this
meta-analysis uncovered the dressing and evalubéedate of graft take at day 5.
Hsiao et al. left the drainage system in place Aatays after operation and then
removed to evaluate the graft condition.(3)

The reasons for skin graft loss can be multifaatokMound infection is one of
the most important factors, which influences the @& skin graft take and prolongs
the hospital stay. The continuous negative pressaveonment provided by NPWT

reduces the formation of a subcutaneous hematonmeanwhile, the negative
9



pressure between the NPWT and the wound bed cadnthIiskin tightly and reduce
shear force. However, this meta-analysis showedifference between NPWT and
conventional therapy. Three studies focused orflipedonor site care.(11, 12, 17)
One of these studies was aimed at patients witingadr skin defects.(15) The
remaining eight studies concentrated on the complexnd types, including burns,
trauma, ulcers and fresh surgical wounds. The meamd bed size was greater than
100 cnfin five studies,(7-9, 14, 15) the others was léss t100 cri Accordingly,
all these factors may impact the reliability ofsthmeta-analysis finding. Previous
microbiology studies demonstrated that NPWT cowtdecrease the bacterial load
compared to conventional therapy.(20, 21) Moreoadrigher level of bacterial led
by NPWT in both acute and chronic wounds, desgdie foam was routinely
changed.(22)

Reoperation is the remedial measures for the faibfrthe initial skin graft,
whichprolongs hospital stays. The datafor this oote were extracted from four
studies. Pooled analysis showed that NPWT reduecednicidence of reoperation,
compared with conventional therapy. Blume et ahduated a 10-year review of 142
patients who accepted split-thickness skin grafjesty. The results indicated that the
NPWT patients were less likely to undergo a seampetation.(16) Scherer reported
that the reoperation rate in the NPWT group was 1&%aller than in the
conventional therapy group.(14) Ho et al. repotteat the cost of a five day course
of NPWT treatment was 400 dollars, and the reomeratost was 1450 dollars.(12)
This finding means using the NPWT appropriately oadmg to the patient's
condition can reduce patient hospitalization costs.

Some limitations of the present meta-analysis rbashoted. First, systematic
reviews of the literature and meta-analyses prothe@estrongest scientific evidence
when they pool data from high-quality RCTs.(23) ahdinately, this was not
possible, so we had to rely on data extracted fomhort studies. Second, the
included studies contained patients with differeanises of injury and skin defects in
parts. The nonstandard baseline and distributiathefwound bed which may have

been a source of clinical heterogeneity.
10



Conclusions:

This systematic review and meta-analysis has demaded that NPWT
increased the rate of graft take and reduced tbeeration rate. However, no
difference was found between the NPWT group andctiieentional therapy group
regarding wound infection rate. Further studiesN®WT versus conventional
therapy in a prospective, randomized design areantad to provide better quality
outcome measures.
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Split-thickness skin grafts are widely used in reconstruction of large skin defects.
Conventional postoperative skin recipient site care includes saline-moistened
gauze with a protective layer of petroleum gauze and tie-over technique. However,
this method causes pain while changing the dressing.

The technique of negative-pressure wound therapy (NPWT) has been claimed to

be a good aternative for the conventional dressing for the split-thickness grafts.

The aim of this systematic review was to compare the clinica outcomes of
negative-pressure wound therapy (NPWT) versus conventional therapy on

split-thickness skin after grafting surgery.



