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Objectives: The aim of this study was to perform an updated systematic review and 

meta-analysis to assess the clinical efficacy, safety, and cost-effectiveness of negative-pressure 

wound therapy (NPWT) in the treatment of diabetic foot ulcers (DFUs).

Methods: We searched the Cochrane Library, MEDLINE, EMBASE, Ovid, and Chinese 

Biological Medicine databases up to June 30, 2016. We also manually searched the articles from 

reference lists of the retrieved articles, which used the NPWT system in studies of vacuum-

assisted closure therapy. Studies were identified and selected, and two independent reviewers 

extracted data from the studies.

Results: A total of eleven randomized controlled trials, which included a total of 1,044 

patients, were selected from 691 identified studies. Compared with standard dressing changes, 

NPWT had a higher rate of complete healing of ulcers (relative risk, 1.48; 95% confidence 

interval [CI]: 1.24–1.76; P,0.001), shorter healing time (mean difference, -8.07; 95% 

CI: -13.70– -2.45; P=0.005), greater reduction in ulcer area (mean difference, 12.18; 95% CI: 

8.50–15.86; P,0.00001), greater reduction in ulcer depth (mean difference, 40.82; 95% CI: 

35.97–45.67; P,0.00001), fewer amputations (relative risk, 0.31; 95% CI: 0.15–0.62; P=0.001), 

and no effect on the incidence of treatment-related adverse effects (relative risk, 1.12; 95% CI: 

0.66–1.89; P=0.68). Meanwhile, many analyses showed that the NPWT was more cost-effective 

than standard dressing changes.

Conclusion: These results indicate that NPWT is efficacious, safe, and cost-effective in 

treating DFUs.

Keywords: diabetic foot ulcers, negative-pressure wound therapy, complete wound closure, 

amputation, meta-analysis, cost-effectiveness

Introduction
Diabetes mellitus (DM) is a syndrome characterized by hyperglycemia that results 

from absolute or relative impairment in insulin secretion and/or insulin action.1 With 

the development of people’s living standards and lifestyle changes, the incidence of 

diabetes has been rising. An estimated 382 million people had DM in 2013; this number 

will increase to 592 million by 2035.2 Hazards of DM usually present as complications; 

diabetic foot ulcers (DFUs) are considered one of the most common and devastating 

chronic complications of diabetes because they contribute to high morbidity, high 

hospitalization rates, and high mortality, all of which seriously threaten the quality 

of life of DM patients. The expected lifetime risk of a DM patient developing a foot 

ulcer is 12%–25%,3 with a 50%–70% recurrence rate over the ensuing 5 years. As 

a consequence of DFUs, a lower limb is lost every 30 seconds somewhere in the 
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world, and the probability of losing the other leg is 50% after 

3 years. DFUs contribute to 85% of non-traumatic, lower-

extremity amputations and lead to a 13%–17% mortality rate 

in patients with DM.4,5 In comparison to non-DFU patients, 

DFU patients have more days of hospitalization and more 

days requiring home health care, emergency department 

visits, and outpatient/physician office visits.6 Meanwhile, the 

cost of treating DFUs for complete healing and trans-tibial 

amputation ranges from US$3,959 to US$188,645 in the US.7 

These numbers indicate that DFUs also impose a substantial 

burden on public and private payers.

The standard of care for DFUs involves debridement, 

local wound care, infection control, and off-loading of pres-

sure. Various treatments advocated in recent years include 

advanced wound dressings, growth factors, hyperbaric oxygen 

therapy, cultured skin substitutes, and other wound therapies. 

Negative-pressure wound therapy (NPWT) is a newer, non-

invasive adjunctive therapy system. A vacuum-assisted clo-

sure (VAC) device to control sub-atmospheric pressure helps 

promote wound healing by removing fluid from open wounds, 

preparing the wound bed for closure, reducing edema, and pro-

moting formation and perfusion of granulation tissue.8 Some 

clinical evidence has suggested that NPWT is an effective and 

safe method for promoting diabetic foot wounds’ healing,9,10 

but some serious complications related to NPWT have been 

reported in recent years.11 It is also worth noting that NPWT 

appears to be more expensive than conventional methods in 

the treatment of DFUs. Some of the previous literature focused 

on one or a few of the several factors of NWPT for DFUs 

such as evaluating efficacy, safety, and cost-effectiveness, but 

almost never evaluating all of them at the same time.

The aim of this study was to perform an updated system-

atic review and meta-analysis to assess the clinical efficacy, 

safety, and cost-effectiveness of NPWT in the treatment of 

DFUs, and to strengthen the evidence to support recommen-

dations regarding the use of NPWT in DFU patients.

Methods
We conducted a systematic review, using the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) checklist.

Search strategy
We searched the Cochrane Library, MEDLINE, EMBASE, 

Ovid, and Chinese Biological Medicine databases (up to 

June 30, 2016) to identify relevant reports of randomized 

controlled trials (RCTs) and manually searched articles from 

reference lists of retrieved articles to assemble a comprehensive 

collection of RCTs about NPWT in the treatment of DFUs. 

The search terms used were “diabetic foot”, “diabetic feet”, 

“foot ulcer, diabetic”, “foot, diabetic”, “feet, diabetic”, “nega-

tive pressure wound therapy”, “negative-pressure wound thera-

pies”, “vacuum assisted closure”, “vacuum-assisted closure”, 

“topical negative pressure therapy”, “negative pressure dress-

ings”, “VAC”, and “NPWT” (Supplementary material).

Selection criteria
Inclusion criteria were as follows: 1) RCTs comparing NPWT 

(VAC) with standard dressing changes in diabetic patients; 

2) diabetic patients with chronic foot ulcers and surgical foot 

wounds; 3) English and Chinese publication languages only; 

4) diabetic patients with chronic foot ulcers and surgical foot 

wounds regardless of pathogenesis; 5) NPWT, whether modi-

fied or commercial negative pressure devices, compared with 

standard dressing changes such as various advanced wound 

dressings and conventional moist gauze; 6) final indica-

tors, in which the primary outcome is the rate of complete 

ulcer healing and complete wound closure defined as 100%  

re-epithelialization without drainage or dressing require-

ments, and the secondary outcomes included ulcer healing 

time, change in ulcer size, granulation tissue formation, 

quality of life, patient satisfaction, resource use, amputation 

rate, and treatment-related adverse effects (edema, infection, 

pain, bleeding). Exclusion criteria were as follows: 1) no 

RCT was performed; 2) NPWT (VAC) was not compared 

with standard dressing changes; 3) the study did not show 

corresponding outcomes.

Quality assessment and data collection
Two reviewers (Si Liu, Chao-zhu He) independently assessed 

the quality of each included study and extracted relevant data; 

differing opinions were resolved through discussion or a third 

reviewer’s judgment. The reviewers extracted the following 

information from every included RCT: first author; publica-

tion year; study design and size; demographic characteristics 

of participants; ulcer size, location, and severity; specific 

implementation of intervention measures (intervention set-

tings, intervention time, the feature of VAC, and details of 

treatment received by each group); and final indicator mea-

sures. We assessed the quality of each included study using 

the Cochrane Collaboration tool for assessing risk of bias.12 

This tool addressed six domains including selection bias, 

performance bias, detection bias, attrition bias, reporting 

bias, and other bias.

Statistical analysis
We assessed all data using Revman 5.3 software. First, we 

conducted the chi-square test to determine whether there was 
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heterogeneity among the studies. A result of P.0.1, I2,50% 

indicated no significant heterogeneity between studies; 

in this case, we used the fixed-effects model for analysis. 

However, if P,0.1, I2$50% and in the absence of clinical 

heterogeneity, we chose the random-effects model. If P,0.1 

and we were unable to judge the source of heterogeneity, we 

used descriptive analysis. We calculated a weighted mean 

difference (WMD) and 95% confidence intervals (CIs) for 

continuous variables and calculated the relative risk (RR) and 

95% CI for dichotomous variables. We considered a two-

sided P whose value is less than 0.05 to indicate statistical 

significance. Sensitivity analysis was performed for reduction 

of DFU area based on the leave-one-out approach.

Results
Characteristics of studies and assessment
We retrieved 691 records through database searches. After 

removing duplicates, we found 587 articles, 549 of which 

we excluded by reviewing the title and abstract using general 

criteria, and assessed 37 full-text articles for eligibility. 

We then excluded 27 studies for the following reasons: did not 

meet inclusion criteria (n=4); merely a study protocol (n=1); 

merely a case report (n=1); they were review articles (n=7); 

they were not an RCT (n=10); they did not describe diabetic 

wounds on the foot only (n=4). One article was obtained 

from a reference list of a retrieved record. We subjected the 

resulting eleven articles to meta-analysis.13–23 Figure 1 shows 

the specific flow chart. For reasons for final exclusion of 

27 studies, see Supplementary material.

Tables 1 and 2 summarize the details of the eleven 

studies. The eleven RCTs included 1,044 patients. The 

number of patients in each included article ranged from 

ten to 342, the mean ages ranged from 50.2 to 66.5, and 

the intervention time ranged from 14 to 112 days. We 

evaluated the quality of the included RCTs according to the 

Cochrane reviewers’ handbook.12 For the included studies, 

seven of the eleven published articles13–15,17,18,22,23 (63.6%) 

described specific randomized methods and processes; we 

Figure 1 Flow diagram for identification of studies for inclusion in meta-analysis.
Abbreviation: RCT, randomized controlled trial.
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judged one report21 to be at high risk of bias for this domain 

because of randomization based on the date of admission. 

Three articles13,14,18 (27%) reported allocation concealment 

methods. Two articles17,21 employed different treatments 

according to the odevity of case number and date of admis-

sion, so we judged them as being at high risk of bias for the 

allocation concealment domain. It was difficult to achieve a 

blinded study of participants and personnel in NPWT, but 

un-blinded health professionals were able to make decisions 

about closure surgery that could then have resulted in more 

wound closure or amputation in one group than in the other,24 

so we classified the risk of bias in this part as unclear. Six 

articles13,14,16,17,21,22 explained the specific tools used for image 

processing and analysis and had the corresponding data; 

thus, we may conclude that the outcome assessment was 

based on the blinded method. Other studies did not contain 

enough details for us to make a judgment for this domain, 

so we also judged their risk as unclear. We classified only 

one study18 as having a low risk of bias, because a group 

independent from the research team, masked the assigned 

treatment and evaluated the percentage of granulation tissue 

formation. Five articles13,17–19,23 provided information on the 

loss of cases and the reasons why participants withdrew; 

another article also provided that information, but the num-

ber of cases lost from the experimental and control groups 

was not clear. Two articles19,20 showed some results that had 

not previously been mentioned, so it was thought to have a 

risk of publication bias. All studies showed that the baseline 

data for the experimental group and the control group were 

comparable. Figures 2 and 3 show the risk of bias in the 

included studies (details in Supplementary material).

The DFUs’ complete healing rate
Five articles13,14,19–21 reported the complete ulcer healing 

rate. In pooling the data, we found no significant heteroge-

neity among the five studies (Q=6.31, degrees of freedom 

[df] =4, P=0.18; I2=37%) (Figure 4); therefore, we used a 

fixed-effects model for the analysis. All reports showed the 

same results, and the combined RR of 1.48 indicated that 

the complete ulcer healing rate in the NPWT group was 

significantly higher than that of the control group (95% 

CI: 1.24–1.76, P,0.0001).

Time to complete DFU healing
Four reports13–15,23 provided the time to complete DFU 

healing, but Armstrong et al13 and Blume et al14 offered the 

estimated time to complete ulcer healing, so we took the 

other two results into meta-analysis. The two studies showed T
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Figure 2 Risk of bias graph.
Note: Review authors’ judgments about each risk of bias item presented as percentages across all included studies.

Figure 3 Risk of bias summary.
Note: Review authors’ judgments about each risk of bias item for each included 
study.

some homogeneity after we pooled the data (P=0.46; I2=0%) 

(Figure 5). Our meta-analysis result showed that the NPWT 

group had a shorter time to complete healing of DFUs (mean 

difference: -8.07, 95% CI: -13.70– -2.45, P=0.005) com-

pared with that of the standard dressing changes group.

Change in DFUs’ size
Six articles16,17,20–23 described a reduction of the DFU area. We 

found no significant heterogeneity among the six reports after 

pooling the data (Q=8.30, df=5, P=0.14; I2=40%) (Figure 6) 

and therefore used a fixed-effects model for the analysis. The 

combined WMD of 12.18 indicated that NPWT more effec-

tively reduced DFUs’ area than standard dressing changes 

(95% CI: 8.50–15.86, P,0.00001).

Three articles16,17,21 described reduction of DFUs’ depth. 

The three studies showed some homogeneity after we pooled 

the data (P=0.43; I2=0%) (Figure 7). The combined WMD 

of 40.82 indicated that NPWT significantly reduced DFUs’ 

depth in comparison to standard dressing changes (95% 

CI: 35.97–45.67, P,0.00001).

Granulation tissue formation
Four articles13,14,18,19 assessed the granulation tissue formation, 

but the evaluation results were not unified; therefore, we used 

descriptive analysis. Armstrong et al13 showed that the time 

during which 76%–100% of granulation tissue formed in the 

NPWT group, was shorter than that in the moist dressings 

change group. Sepúlveda et al18 and Vaidhya et al19 provided 

the average time to reach 90% or over 90% of wound granu-

lation tissue formation (18.8±6 days and 17.2±3.55 days, 

respectively) in the NPWT group; both time periods were 

shorter than corresponding times in the control group.
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χ

Figure 4 NPWT compared with standard dressing changes, outcome 1: the complete DFU healing rate.
Abbreviations: NPWT, negative-pressure wound therapy; DFU, diabetic foot ulcer; CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.

χ

Figure 5 NPWT compared with standard dressing changes, outcome 2: time to complete healing of DFUs.
Abbreviations: NPWT, negative-pressure wound therapy; DFU, diabetic foot ulcer; CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse 
variance.

χ

Figure 6 NPWT compared with standard dressing changes, outcome 3: reduction of DFU area.
Abbreviations: NPWT, negative-pressure wound therapy; DFU, diabetic foot ulcer; CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse 
variance.

χ

Figure 7 NPWT compared with standard dressing changes, outcome 4: reduction of DFU depth.
Abbreviations: NPWT, negative-pressure wound therapy; DFU, diabetic foot ulcer; CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse 
variance.
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Quality of life
Karatepe et al15 had patients fill out the 36-item short form 

health survey (SF-36) questionnaire at the beginning of treat-

ment and in the follow-up month, to ascertain whether the 

patients’ quality of life improved after treatment. The SF-36 

questionnaire included two sections regarding the patient’s 

physical and mental state. The results showed that the effect 

of the NPWT treatment was significantly positive for both 

mental (P=0.0287) and physical (P=0.004) health in com-

parison to treatment using conventional wound dressing.

Resource use
Armstrong et al13 reported an average total cost per participant 

of US$26,972 in the NPWT group, compared to US$36,887 in 

the moist dressing group, with no other information provided. 

Vaidhya et al19 reported that the mean number of dressings 

needed to achieve satisfactory healing in the NPWT group 

was 7.46±2.25, compared to 69.8±11.93 (P,0.001) for the 

conventional treatment group. Irrespective of the cost of daily 

treatment or hospital stay, the average cost of NPWT and of 

conventional dressing was US$55 and US$103 respectively.

Amputation
Three reports13,14,21 provided amputation information. 

Armstrong et al13 and Blume et al14 analyzed the incidence 

of re-amputation, Ravari et al21 analyzed the number of 

patients requiring major and minor amputations. We found 

no heterogeneity among the three studies after pooling the 

data (Q=1.15, df=2, P=0.56; I2=0%) (Figure 8). The com-

bined RR of 0.31 indicated that the incidence of amputation 

in the NPWT group was lower than in the standard dressing 

changes group (95% CI: 0.15–0.62, P=0.001).

Treatment-related adverse events
Treatment-related adverse DFU events include edema, infec-

tion, pain, and bleeding. Infection was the most common 

adverse event assessed in three RCTs.13,14,16 Sepúlveda 

et al18 included data for bleeding and pain in addition to 

infection. The result of the meta-analysis indicated that 

treatment-related adverse events related to DFU showed 

no significant difference between the NPWT group and 

the standard dressing changes group (95% CI: 0.66–1.89, 

P=0.68) (Figure 9).

Sensitivity analysis
Regarding reduction of the DFU area, when we removed a 

report that contributed to the final result, the direction and 

magnitude of the pooled RRs did not vary substantially. 

This indicated a good reliability of this meta-analysis (95% 

CI: 3.53–14.73, P=0.001) (Figure 10).

χ

Figure 8 NPWT compared with standard dressing changes, outcome 5: amputation.
Abbreviations: NPWT, negative-pressure wound therapy; CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.

χ

Figure 9 NPWT compared with standard dressing changes, outcome 6: treatment-related adverse events.
Abbreviations: NPWT, negative-pressure wound therapy; CI, confidence interval; df, degrees of freedom; M–H, Mantel–Haenszel.
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Discussion
Evaluation of NPWT efficacy
In this systematic review and meta-analysis, we found that 

NPWT facilitated wound granulation formation and complete 

DFU closure, reduced DFU healing time, and decreased DFU 

size in comparison with standard dressing changes. Those 

results were similar to results of prior system reviews.24,25 

However, another systematic review26 concluded that the 

method of measuring and evaluating ulcer size reduction and 

complete wound closure may affect the reliability of the results. 

Therefore, for outcome measures, it is important to focus on the 

use of blinded measures. Wound bed preparation and granula-

tion tissue formation are also important prerequisites for wound 

healing. The Patient Outcome Group suggested that the appro-

priate primary endpoint may not be DFU healing but, rather, 

percentage granulation tissue formation.27 Four articles13,14,18,19 

assessed granulation tissue formation, and two of them used 

90% or more than 90% of granulation tissue formation, prepara-

tion of re-epithelialization, and skin grafting as endpoints. The 

evaluation results showed that NPWT could accelerate granula-

tion formation in comparison to standard dressing changes. It is 

known that foot wounds secondary to amputation are deeper, 

with exposed bone and tendons and pre-existing infection, 

and would lead to delayed wound healing. Armstrong et al13 

enrolled 162 diabetic patients with post-operative wounds to 

receive NPWT treatment or moist dressing treatment. The 

rate of complete wound healing for patients receiving NPWT 

(56%) was higher than for the moist dressings group (39%); the 

median time to reach 76%–100% granulation tissue for patients 

receiving NPWT (42 days) was less than for the control group 

(84 days), which suggested that NPWT had the potential to 

promote more complex and severe wound healing and prepare 

an adequately granulated wound bed.

Evaluation of NWPT safety
Treatment-related adverse DFU events include edema, infec-

tion, pain, and bleeding. The meta-analysis results showed 

that NPWT neither increased nor decreased the incidence of 

treatment-related side effects as compared with the standard 

dressing change group; which suggested that adverse events 

related to NPWT were not serious. However, in 2011 the 

US Food and Drug Administration updated a report on seri-

ous complications associated with NPWT and cited 12 deaths 

and 174 injuries since 2007.11 Ren and Li reported sepsis in 

a burns patient treated with NPWT.28 It should be noted that 

acute hemorrhages caused all of the deaths because large, 

exposed blood vessels and bleeding were ignored. Mean-

while, some of these serious adverse events occurred at home 

or in a long-term care facility, where the patients, nurses, 

and home care providers might not have received adequate 

training to do NPWT properly. In the eleven RCTs that we 

included in our meta-analysis, the intervention settings were 

hospitals or wound centers where professionals are familiar 

with NPWT indications and adhere to treatment guidelines.29 

This may be why serious complications did not occur in the 

studies we reviewed in our meta-analysis. DFUs are a leading 

cause of non-traumatic foot amputation; Armstrong et al13 

reported that the number of patients who received NPWT 

treatment were a quarter less likely to need re-amputation 

compared to controls. The result of our meta-analysis also 

indicated that NPWT could effectively reduce the occur-

rence of amputation. The rate of amputation decreased in the 

NPWT treatment group and is attributed to faster removal of 

infectious material, better preparation of granulated wound 

bed, and more rapid healing.

Evaluation of NPWT cost-effectiveness
A post hoc retrospective analysis indicated that for patients 

with DFUs who achieved complete wound closure, the 

median cost per 1 cm2 of closure was US$1,227 with NPWT 

and US$1,695 with advanced moist wound therapy, which 

showed greater cost-effectiveness in the NPWT group for 

treating recalcitrant wounds.30 Two analyses31,32 based on 

economic models also concluded that, compared to patients 

χ

Figure 10 NPWT compared with standard dressing changes, outcome 7: sensitivity analysis.
Abbreviations: NPWT, negative-pressure wound therapy; CI, confidence interval; df, degrees of freedom; SD, standard deviation; IV, inverse variance.
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treated with advanced wound care, patients treated with 

VAC therapy had increased quality-adjusted life years and a 

higher healing rate at a lower cost. Vaidhya et al19 concluded 

that the mean dressings and total cost of dressings needed to 

achieve satisfactory healing in the NPWT group, were less 

than for the conventional dressing changes group. However, 

in this RCT, the VAC was modified to the standard KCI VAC 

therapy kit, so subsequent RCTs are needed to evaluate the 

cost of commercial VAC NPWT for treating DFUs. More-

over, considering the actual situation of medical resources 

available in developing countries, a modified NPWT device 

may be a future research direction for NPWT experiments 

in resource-poor settings.

Evaluation of other aspects of NPWT
One RCT17 evaluated quality of life using the SF-36 question-

naire, which suggested that NPWT remarkably improved the 

quality of life of DFU patients. Another RCT, in which no 

amputation was performed,21 evaluated patient satisfaction 

by that measure, indicating that patients in the NPWT group 

were more satisfied. However, we would prefer to survey 

patients rather than relying on a secondary outcome to assess 

patient satisfaction.

Limitations
From the details of included studies, important information 

was not fully available. Only four articles13,14,17,18 offered data 

related to the ankle brachial index (ABI), even though ABI 

measurement is a simple and effective method of judging 

lower limb vascular disease to determine whether amputa-

tion is necessary.33 Two studies15,22 provided the duration of 

DM, which could influence the peripheral neuropathy leading 

to the formation of DFUs.34 It was reported that body mass 

was significantly associated with pressure in the mid-foot 

models.35 Two articles calculated average weight, and another 

two calculated body mass index, whereas no relevant details 

about local pressure on the foot were provided in the remain-

ing seven studies. Stratified randomization was not performed 

for the severity of DFUs, thus, the patient characteristics in 

each group were not balanced. Meanwhile, there were many 

other influencing factors, including the relatively small sample 

sizes, insufficient description of methodologic details, inad-

equate follow-up time, and so on, which can result in clinical 

heterogeneity. Finally, because we retrieved only published 

literature, the document collection may be incomplete.

Conclusion
This meta-analysis of eleven RCTs extends support for the 

use of NPWT in the treatment of DFUs and post-operative 

wounds in diabetic patients. Additional robust RCT research 

is necessary to solidify support for the treatment.
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