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1 Objectives of the investigation 

On the basis of the published literature on this theme, the objectives of the present 

investigation are to evaluate (with regard to therapy goals relevant to patients) 

─ the benefits and harms of negative pressure wound therapy compared with conventional 

forms of wound care  

and 

─ the benefits and harms of different forms of negative pressure wound therapy compared 

with each other  

in patients with acute or chronic skin wounds of any cause or localisation.  

"Negative pressure wound therapy" (NPWT) means closed wound treatment with drainage 

through an externally or internally drained sponge, including a system producing the negative 

pressure needed for drainage.  

This evaluation of benefits and harms is based on a comparison and consideration of the 

desired and undesired effects of NPWT.  
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2 Background 

Commission 

The Federal Joint Committee (Gemeinsamer Bundesausschuss, G-BA), in a letter dated 21 

December 2004, commissioned the Institute for Quality and Efficiency in Health Care to 

evaluate the benefits and harms and medical necessity of NPWT. The commission was 

specified on 21 March 2005. 

Wounds and wound healing – complications and consequences 

With rare exceptions, wounds and wound care are linked to intense pain [1]. This requires 

analgesic therapy, which can trigger adverse events. Moreover, wounds and their successful 

closure can cause restriction in function, which may be long-term. Wounds or ulcers which do 

not heal, or which heal poorly, may impair a patient's ability to work, physical mobility, and 

general condition to a greater or lesser extent. This can have a direct effect on the quality of 

life, either directly or indirectly, for example, due to the unpleasant smell of the wound. Scars, 

too, are a late complication which can greatly impair all aspects of quality of life. In addition, 

chronic wounds can spread, making amputation of the extremities necessary. Chronic wounds 

also provide a suitable environment for micro-organisms. These can spread locally and be 

transmitted through the blood stream, colonising the whole body, sometimes leading to death 

from sepsis. Wounds can therefore be accompanied by a considerable impairment in physical 

well-being, quality of life and a specific risk of secondary conditions, including amputation 

and death [2, 3]. 

These possible consequences provide the basis for the patient-relevant therapeutic goals of 

wound therapy – the maintenance of physical functions, physical well-being and quality of 

life, together with the avoidance of complications.  

Conventional wound therapy  

In conventional wound therapy, the wound is covered with wound dressings consisting of 

various materials (e.g., gauze, hydrocolloids, alginate) which can be used either dry or after 

moistening. Conventional wound therapy is subject to a very wide range of variations. There 
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is no generally valid uniform standard [4,5]. Dressings are usually changed once or several 

times daily [2]. 

Wound therapy may include not only elimination or treatment of the causes of a chronic or 

non-healing wound, but also the surgical removal of dead (necrotic) tissue (debridement), 

support of granulation, the maintenance of a moist wound bed, and the control of infection.  

Negative pressure wound therapy 

NPWT is delivered by a closed wound system, with drainage over a large area through an 

externally or internally drained sponge. The negative pressure needed for drainage is 

produced by a vacuum pump or a Redon suction bottle and maintained with the help of an 

adhesive foil with airtight cover [6]. 

With a closed wound dressing and with the help of the negative pressure system, NPWT is 

designed to lead to removal of the exudate, reduction in oedema, and improvement in 

perfusion. This is coupled to improved oxygen supply and provision of nutrients to the 

boundaries of the wound, and should contribute to shortening the time for the wound to heal 

[7]. It is either used as an alternative to conventional wound therapy, or after primary failure 

of conventional wound therapy.  

A complete system for NPWT is marketed in Germany by a commercial manufacturer 

(V.A.C.® Therapy™, Kinetic Concepts, Inc. [KCI], San Antonio, Texas, USA). This consists 

of a vacuum pump, a collecting canister for wound exudate, a drainage tube as connection 

between dressing and pump, and a dressing consisting of a foam wound inlay and an airtight 

cover foil. The intensity of the negative pressure on the wound can be preset and is kept 

constant by the system. In addition, there is an intermittent suction setting. A pressure sensor 

is placed within the wound dressing, which transmits pressure changes to the pump unit. This 

serves to detect leaks in the wound cover. KCI is the sole licence holder for the product. The 

patent holder is Wake Forest University, Winston-Salem, North Carolina, USA. 

Various results have been published and different data provided to address the question of the 

most suitable negative pressure for the treatment of wounds [8-10]. Current research is also 

addressing this issue [11]. Continuous negative pressure of 125 mmHg – corresponding to 

16.7 kPa in the units approved in Germany [12] – is mostly used in clinical practice. This is 
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based on various recommendations from the manufacturer, which in turn are largely based on 

animal experiments.  

Indications for negative pressure wound therapy 

NPWT is mostly used for the treatment of non-healing (chronic) wounds requiring secondary 

healing. Wounds from a very wide variety of causes can be treated, including chronic pressure 

sores (decubitus), sores due to vascular conditions (venous or arterial) and/or neural 

abnormalities (diabetic foot syndrome) and infected wounds. The technique can also be used 

in open abdominal treatments. It can be used to support split-thickness skin transplantation 

[11] and in the therapy of acute and complicated injuries, for example, from burns or 

avulsions [2,3,13]. 

Adverse events in the use of negative pressure wound therapy  

There are several reports in the literature on adverse events occurring during the use of NPWT 

and some of these events were serious. However, these reports are mostly in the form of case 

reports or small case series [14]. There have been explicit reports of sepsis [15,16], toxic 

shock syndrome [17], hypovolaemic shock from fluid loss [18], arterial erosion bleeding and 

amputation of an extremity [20]. However, in none of these cases of severe adverse events can 

the possibility be excluded that there was either an individual error in the use of NPWT or 

that the adverse event should not be regarded as a complication of NPWT, but rather as an 

inevitable consequence of the underlying disease.  

Maceration of the skin can develop in the immediate vicinity of the wound, particularly in 

sensitive skin areas. This can be partially avoided by using dressings with good skin 

tolerability. Skin maceration may also develop as a consequence of the inexpert use of 

excessively large sponges or if loss of pressure has been overlooked [21], although an alarm is 

triggered in modern negative pressure pumps on loss of pressure. There is also a case report in 

which evidently NPWT was inexpertly performed, leading to a chronically infected wound 

sinus caused by an overlooked fragment of polyurethane sponge [22]. Finally, some authors 

who investigated the bacterial colonisation of the wound found that the count of some bacteria 

was increased [15,23], whereas the numbers of other bacterial species were evidently reduced 

[24]. 
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There have also been reports of pain and slight bleeding during the change of dressing; these 

are thought to be linked to the negative pressure used, the sponge material, and the frequency 

of change of dressing [25]. However, pain and slight bleeding generally occur when any 

dressing is changed.  
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3 Course of the project 

The project was commissioned by the Federal Joint Committee on 21 December 2004 and 

specified in writing on 21 March 2005. The report plan was then produced and published on 

the Institute's website on 13 May 2005. 

External experts were involved in the subsequent processing of the project and they 

participated in preparing the report plan, the literature search and evaluation, and in writing 

the preliminary report. The preliminary report in the version of 23 November 2005 was 

published on 01 December 2005 and submitted to external peer review. Written statements on 

this preliminary report could be submitted by all interested parties (see Appendix F). The 

deadline for statements was 22 December 2005. 

All parties providing statements who had disclosed potential conflicts of interest (in 

accordance with the methods of the Institute) were invited to a scientific hearing on 10 

January 2006, during which the essential points raised in the written statements were 

discussed (see Appendix E). After this scientific hearing, the present final report was 

prepared. 
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4 Methods 

The methods for preparing the report were specified in advance in the report plan of 13 May 

2005. Any relevant changes made in the course of preparing the report are given in Section 

4.5.  

4.1 Criteria for study inclusion 

The criteria are listed below for the inclusion of a study in this report (inclusion criteria), 

together with the criteria leading to exclusion (exclusion criteria).  

4.1.1 Population 

Studies in patients with acute or chronic skin wounds were included. There were no additional 

restrictions on the patients investigated in the studies.  

4.1.2 Intervention and comparator treatment  

Studies were included in which a type of NPWT was compared with conventional 

(traditional) wound therapy, or with another type of NPWT.  

4.1.3 Outcomes 

The outcomes for the investigation had to permit an evaluation of the following patient-

relevant therapeutic goals:  

─ Shortening of the wound healing time  

─ Avoidance of wound recurrence and reduction in the necessity of revision operations  

─ Avoidance of amputations  

─ Reduction in mortality  

─ Improvement or maintenance of disease-related quality of life and avoidance of 

restrictions in activities of everyday life  

─ Reduction in pain from the wound and from wound care 

─ Reduction or avoidance of time spent in hospital  

─ Reduction in the necessity for dressing change or for debridement  

─ Reduction in adverse effects and therapeutic complications  

─ Reduction in scar formation and improvement of subjective cosmetic results  
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The studies included were investigated with respect to quantifiable data on all the above 

therapeutic goals.  

4.1.4 Study types 

Randomised controlled studies (RCTs) provide the most reliable results for the evaluation of 

the benefits and harms of a medical intervention, as the results are least uncertain, insofar as 

the methods used are adequate and they are appropriate to the issue examined. For this reason, 

RCTs were primarily used as relevant scientific literature in this evaluation.  

However, as the available evidence is apparently limited [1-3,7,26,27], non-randomised 

intervention studies with concurrent controls were also included to avoid overlooking 

essential results. Inclusion of the results of non-randomised trials can provide valuable 

additional results, particularly for surgical questions [28,29]. 

Thus the following study types were included in the investigation:  

• Randomised controlled studies (RCTs)  

• Non-randomised trials, insofar as there was a concurrent control group:  

─ Controlled clinical studies (CCTs) without randomisation; this includes studies with 

clearly inadequate concealment (for example, alternating allocation procedure)  

─ Prospective comparative cohort studies  

─ Retrospective comparative cohort studies   

─ Case control studies  

Both interindividual comparisons from studies in parallel group design and intra-individual 

comparisons and crossover studies were considered [30,31]. 

4.1.5 Other study characteristics  

There were no restrictions in other study characteristics.  

4.1.6 Inclusion and exclusion criteria  

In summary, studies were included in the evaluation, which fulfilled all the following 

inclusion criteria and none of the following exclusion criteria.  
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Inclusion criteria 

I1 Patients with acute or chronic skin wounds   

I2 Intervention: A type of NPWT 

I3 Comparator intervention: Conventional wound therapy or another type of NPWT  

I4 Outcomes in accordance with Section 4.1.3 

I5 Controlled clinical trials (with concurrent control groups), as defined in Section 4.1.4.  

 

Exclusion criteria 

E1 Experimental animal studies  

E2 Multiple publications without relevant additional information  

E3 No full-text publication available (*) 

* In this context, a full-text publication also includes non-confidential transmission of a study report to the 
Institute or non-confidential provision of a report on the study, which fulfils the criteria of the CONSORT 
Statement [32] and permits an evaluation of the study.  

 

4.2 Literature search 

The aim of the literature search was to identify fully published and non-published clinical 

studies which provide essential information related to the benefits and harms of NPWT.  

4.2.1 Literature sources  

The search for relevant literature was initially performed on 04 May 2005 in the following 

bibliographic databases. The search was repeated with a broader strategy on 20 May 2005. 

─ Ovid: MEDLINE "In-Process & Other Non-Indexed Citations 1966 to Present" (current) 

─ Ovid: EMBASE "1980 to 2005" 

─ Ovid: CINAHL "1982 to 2005" 
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─ Wiley InterScience: "The Cochrane Library: The Cochrane Central Register of Controlled 

Trials (CENTRAL)" 

The detailed search strategies are documented in Appendix B. They were modified for each 

database to do justice to the specific differences between the literature databases, particularly 

with respect to the use of subject headings.  

The systematic search for non-randomised trials is problematical [33]. After the initial search 

on 04 May 2005, in the development of the search strategy, the focus of the strategy was 

extended with respect to the types of publication and study to maximise the cover of non-

randomised concurrent comparative studies. This means that all publications reporting 

comparative studies were included in the circle of potentially relevant documents. The 

information query ("Retrieval") was performed in a modified manner in the second search step 

to increase the completeness of the cover in this sense ("Recall"). The modified search was 

performed on 20 May 2005. 

The search for relevant secondary publications (systematic reviews and HTA reports) was 

performed on 20 May 2005 in the following bibliographic databases from the "The Cochrane 

Library" from Wiley InterScience:  

─ "The Cochrane Database of Systematic Reviews (Cochrane Reviews)" 

─ "Database of Abstracts of Reviews of Effects (DARE)" 

─ "Health Technology Assessment Database (HTA)" 

The search for relevant primary studies and secondary publications was complemented by the 

reference lists provided in the 29 statements from interested professional groups transmitted 

by the Federal Joint Committee to the Institute.  

The literature search was repeated on 07 October 2005 in these literature databases, using the 

research strategy recorded in Appendix B, to search for relevant studies which might have 

been published for the first time between 20 May 2005 and 07 October 2005. 
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4.2.2 Search for additional published and non-published studies  

The following steps were taken to search for additional published and non-published studies:  

 Manual search in congress volumes  

1) 4th European Vacuum Therapy Symposium. Advances in Wound Care: Topical 

Negative Pressure (TNP) Wound Therapy, 16-18 June 2005, Salisbury, United 

Kingdom 

2) V.A.C.® Wundtherapie, 10 Jahre V.A.C., Drei-Länder-Kongress [V.A.C. Wound 

Therapy, 10 Years of V.A.C., Three-Country Congress] 10-11 June 2005, Graz, 

Austria 

3) Symposium on Advanced Wound Care, 21-25 April 2005, San Diego, California, 

USA 

4) 2nd World Union of Wound Healing Societies Meeting, 8-13 July 2004, Paris, France 

5) V.A.C.® Wundtherapie, Anwendungsmöglichkeiten der V.A.C.®-Therapie im 

ambulanten sowie im klinischen Bereich, Drei-Länder-Kongress [V.A.C. Wound 

Therapy, Possible Uses of V.A.C. Therapy for Outpatients and Inpatients, Three-

Country Congress] 21-22 May 2004, Mainz, Germany 

6) Topical Negative Pressure (TNP) Therapy, Focus Group Meeting, December 2003, 

London, United Kingdom 

7) Vacuum Assisted Closure (V.A.C.®), 16-17 May 2003, Salzburg, Austria 

8) 11th Annual Meeting and Educational Symposium, Wound Healing Society, 16-18 

May 2001, Albuquerque, New Mexico, USA 

 Written enquiry to authors for indications of additional potentially relevant studies  

 Written enquiries to manufacturers  

─ Kinetic Concepts, Inc. (KCI), San Antonio, Texas, USA 

─ Blue Sky Medical, La Costa, California, USA 
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 Internet search in publicly accessible study registers and other sources  

─ U.S. Department of Health & Human Services, Washington, DC, USA:  

ClinicalTrials.gov: http://clinicaltrials.gov/ (Accessed on 27 September 2005) 

─ United Kingdom's National Health Service (NHS), London, United Kingdom:  

The National Research Register (NRR): http://www.nrr.nhs.uk/ (Accessed on 27 

September 2005) 

 Search at or written enquiries to regulatory agencies or "notified bodies"  

─ U.S. Food and Drug Administration: http://www.fda.gov/ (Accessed on 27 September 

2005) 

─ Federal Institute for Drugs and Medical Devices, Bonn 

─ TÜV Süddeutschland Holding AG, Munich [Technical Supervision Association, South 

Germany] 

The written enquiries to the manufacturers and the authors included a standardised table, 

which was intended to serve as a template for the transmission of information desired by 

IQWiG. 

4.2.3 Search for additional information on relevant studies  

Additional information on the already identified published and non-published studies was 

searched for in the documents obtained in accordance with Section 4.2.2. In addition, letters 

were written to first authors and sponsors of identified published studies, to request essential 

additional information for a valid evaluation of these studies.  

4.2.4 Selection of relevant studies  

The bibliographic details of the publications and documents (according to the above sections) 

were imported into a database ("Reference Manager 11", Adept Scientific GmbH, Frankfurt 

am Main) for further processing and archiving.  

In the first selection step ("first screening"), it was decided on the basis of the title and abstract 

(if present) which publications, according to the inclusion and exclusion criteria noted above, 

should be classified as "definitely not relevant (definite exclusion)" and should be excluded 

from further processing. This applied to publications which were independently rated as "not 

relevant" by 2 experts. All other publications were regarded as "potentially relevant". Specific 
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reasons for exclusion were not documented in this step. For the studies included in the 

systematic reviews on the subject and those considered in the HTA reports, a comparison was 

made with the results of the primary search. All these studies [1-3,7,26,27] had already been 

found in the primary search. 

In the second selection step ("second screening"), the full texts of the potentially relevant 

publications were acquired. Some of these texts were in Chinese or Russian. These were 

translated by external Russian or Chinese native speakers with medical expertise. The full 

texts of all potentially relevant studies were independently inspected by 2 experts, to decide 

which publications could be rated as "definitely relevant (definite inclusion)", on the basis of 

the above exclusion and inclusion criteria. In doubtful cases, agreement was reached by 

consensus. The reasons for exclusion in the second screening are documented in detail in 

Appendix A1.  

4.2.5 Obtainment of written statements / scientific hearing  

The publication of the preliminary report was followed by a period of 4 weeks to allow 

statements. A form was provided for this purpose, which allowed statements on 3 main 

aspects:  

─ Original studies missing in the preliminary report  

─ Faulty evaluation of original studies in the preliminary report  

─ Comments on the project-specific methods  

After the deadline for statements, a scientific hearing took place, in which the relevance of 

essential aspects of the statements received for the final report was discussed.  

4.3 Evaluation of information 

The evaluation of the included studies was performed on the basis of the available 

information and was therefore strongly dependent on the quality of the publication and other 

sources of information.  

The evaluation was made in 3 steps:  

─ Extraction of the study data  

─ Evaluation of the study and publication quality  
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─ Evaluation of the data consistency within the publication and, where applicable, between 

different sources of information on the same study  

At the end of this 3-step process and on the basis of the study and publication quality and the 

consistency of the information, a final decision was made for each study as to whether it 

should be included in the evaluation, with a detailed description of the study in the final 

report.  

4.3.1 Data extraction 

The content and biometric details of the studies included were separately entered by each of 

the 2 evaluators into standardised data extraction forms. Two different extraction forms were 

used, one for the data from RCTs and one for the data from non-randomised trials. After this, 

the evaluators compared their evaluations for each study. If their results for the different 

evaluation criteria were different, the text was reassessed and a shared interpretation was 

reached as consensus.  

4.3.2 Study and publication quality  

As a completely blinded study design was impracticable for the research questions 

investigated in this report, blinded recording of the outcomes was regarded as an essential 

quality criterion of the studies to be evaluated. Moreover, it had to be guaranteed that in 

comparative studies including conventional wound therapy, the latter was performed in a 

qualitatively high manner. It was also considered to what extent there were differences 

between the groups compared in aspects related to wound care or accompanying treatment – 

apart from the intervention being studied. To be able to check the permanence of the wound 

closure and the occurrence of complications, the studies should include an adequately long 

follow-up period. In this context, the U.S. registration agency, the Food and Drug 

Administration (FDA), demands a minimum follow-up period after wound closure of 3 

months [34]; other authorities demand studies of at least 5 months in duration, with an 

additional follow-up period of 3 months [35]. 

Information on the following aspects of the quality of RCTs was systematically extracted:  

─ Randomisation process and concealment of the group allocation  

─ Blinding of the recorder of the findings  
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─ Complete description of possible dropouts or important violation of the intent-to-treat 

principle  

In addition, an overall classification was made of the study and publication quality, on the 

basis of the above aspects. Four different categories of the parameter "biometric quality" were 

available:  

─ No evident deficiencies  

─ Minor deficiencies  

─ Major deficiencies 

─ Unclear 

These classes were predefined as follows: "Minor deficiencies" are present when it is assumed 

that their correction will essentially have no effect on the results and thus the overall 

conclusion of the study. With "major deficiencies", the overall conclusion of the study would 

have to be called into question, even if the deficiencies were rectified. As described above, the 

evaluation of the study quality is directly influenced by the quality and consistency of the 

available information, so that the designation of "major deficiencies" is not necessarily a 

description of the quality of the study itself, but may also be influenced by the quality of the 

publication.  

4.3.3 Consistency of information  

Where relevant, the data extraction was followed by a comparison with information found in 

the extended search on published studies described in Sections 4.2.2 and 4.2.3. If 

discrepancies were identified (also with regard to discrepant information within the 

publication itself) which could have a major influence on the results or on their interpretation, 

this was documented in the corresponding sections in the results.  

4.4 Information synthesis and analysis  

Aspects of the study design, study quality and the results of the studies were presented in 

summary for the total study pool.  
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4.4.1 Meta-analysis 

The data on a therapeutic goal were to be summarised quantitatively in a meta-analysis, 

insofar as this appeared meaningful on the basis of the content and methods of the studies. 

Possible heterogeneity between the individual study results was primarily evaluated on the 

basis of the I2 value; if I2 >= 50%, this is taken to be unusual, corresponding to "moderate" 

heterogeneity [36]. 

Because of the expected low number of randomised trials, meta-analyses were also considered 

for non-randomised concurrent comparative studies, insofar as there was at least 1 

randomised trial of adequate quality for the corresponding outcome. The results of 

randomised and non-randomised trials were not aggregated.  

To allow for the possible use of different methods of measurement for the same therapeutic 

goal – for example, measurement of wound volume or wound surface to assess wound healing 

– the weighted standardised mean difference was used as an effect measure for continuous 

data.  

All statistical analyses were performed with software from the SAS Institute Inc., Cary, North 

Carolina, USA (Version 9.1.3). A statistical model with random effects was used for the 

primary analysis.  

4.4.2 Sensitivity analysis 

Specific sensitivity analysis was preplanned for  

─ The biometric quality assessment (see Section 4.3.2) 

─ Intention-to-treat evaluations described in the publications versus per-protocol 

evaluations (insofar as possible) and  

─ A (statistical) model with fixed effects versus a model with random effects.  

4.4.3 Subgroup analyses  

If they were reasonable and feasible, subgroup analyses were performed for the following 

characteristics:  

─ Type of wound (chronic versus acute)  

─ Gender 

─ Age 
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4.5 Deviations from the report plan  

In the course of the report production, there were changes from the methods described in 

advance in the report plan. On the one hand, these were related to the necessity of specifying 

or clarifying an issue, without essential relevance to the content. On the other hand, there 

were changes in the methodological procedure itself. The essential changes are listed below. 

4.5.1 Changes before the preparation of the preliminary report  

Changes in content from the previously planned procedure  

─ The studies included contained little evaluable information on the outcome "shortening of 

wound healing time". The surrogate parameter "change in wound area or wound volume" 

was reported in several studies and was therefore included, even though the validity of 

this surrogate parameter is unclear.  

─ In a similar manner, the data were complemented by including the surrogate parameter 

"change in wound surface after skin transplantation", even though the validity of this 

surrogate parameter is also unclear. This primarily corresponds to the proportion of 

successfully vascularised skin of the transplanted (also bioartificial) skin ("graft take 

rate"). 

─ Search for unpublished studies and additional information on published studies in 

congress volumes and study registers.  

─ Search at or enquiries to regulatory agencies or "notified bodies". 

Changes without relevant consequence for the contents  

─ Specification of the term "full-text publication" for studies which had not yet been 

published in a scientific journal when the report was written.  

─ Explicit statement of the assessment of data consistency both within and between sources 

of information.  

4.5.2 Changes after publication of the preliminary report  

Changes in content from the previously planned procedure  

There were no changes in content from the previously planned procedure.  
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Changes with essentially no consequence for the contents  

─ Designation of the levels of evidence for the studies included in the evaluation (Section 9)  

─ Separate section to describe how statements were obtained and how the scientific hearing 

was performed  

─ Referencing of the studies included in the evaluation on the basis of study designations in 

Section 9  

─ Inclusion of the results of the additional search in the flow chart on the result of the 

literature search (Section 5.1.1, Figure 1) 

 



Final Report N04-03: Negative Pressure Wound Therapy 

 19 

5 Results 

The results of the literature search will first be described, i.e., the search for published and 

unpublished studies and additional information from various sources on these studies. This is 

followed by an aggregated description of the relevant studies and statements as to whether, 

and to what extent, prior planned meta-analyses and sensitivity and subgroup analyses were in 

fact performed and what the results were.  

5.1 Literature search  

5.1.1 Result of the literature search  

The results of the search for published studies in bibliographic databases, in the reference lists 

in relevant secondary publications, and in the statements to the Federal Joint Committee are 

shown in Figure 1.  

The search in 7 electronic literature databases resulted in 2512 hits. The 29 statements to the 

Federal Joint Committee contained 851 references. After a search in study registers, a manual 

search in congress reports, and enquiries to manufacturers (see following sections), 17 

additional citations were found, including references to randomised trials which have not yet 

been fully published. Two additional citations of this type had already been identified in the 

primary search.  

Duplicates with identical bibliographic details were removed (923), leaving 2457 citations for 

the selection of studies. As a result of the first screening, 2206 were excluded as definitely not 

relevant; 251 potentially relevant publications were left. In the second screening, 21 citations 

(19 studies) were initially included for the extraction of study data. The reasons for the 

exclusion of the 223 non-relevant articles are documented in Appendix A1. In addition, 7 

systematic reviews and HTA reports were searched for additional relevant studies (Appendix 

A2); 6 of these systematic reviews and HTA reports published in recent years [1-3,7,26,27] 

did not contain any additional relevant primary studies. The seventh HTA report published in 

2003 was from a commercial agency [37] and was not freely available. The year of 

publication (other HTA reports were more recent) and study of a sample HTA report from 

this agency suggested that no essential additional information was to be expected. 
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In 2 of these reports [3,7], the 1994 Davydov study [38] was considered relevant. After 

translation from Russian, it turned out that this publication described wound drainage, but not 

NPWT, so that this study was excluded from the evaluation.  

The additional search on 07 October 2005 resulted in 156 hits, or 120 hits after removal of 

duplicates. This included 2 additional relevant HTA reports [39,40] (Appendix A2), but no 

additional relevant primary studies, not even in the additional HTA reports. One publication 

in the additional search reported on the economic evaluation of a randomised trial which had 

already been identified [41]. 

During the preparation of the preliminary report, a randomised trial was published [42]. This 

was naturally not found in the systematic literature search as described, but was considered in 

the evaluation.   
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Inclusion: search in literature databases on 
20 May 2005

MEDLINE (N=1138)
EMBASE (N=942)
CINAHL (N=129)

CENTRAL (N=284)
CDSR (N=10)
DARE (N=1)
HTA (N=8)

N=2512

Inclusion:  Citations provided in 29 
statements to the Federal Joint Committee 

N=851

Exclusion: Duplicates N=959

Citations without duplicates: 
Screening of title and abstract N=2577

Citations with duplicates N=3536

Exclusion: Not  relevant N=2323

Potentially relevant citations: 
Screening of full text N=254

Systematic reviews N=9

Relevant for
extraction of study data  N=22 (19 studies)

Inclusion: Additional citations in congress 
reports and study registers N=17

Exclusion: Not relevant
(Reasons stated in appendices) N=223

No concurrent comparison N=9
Case reports and case series N=83

Congresses, opinions N=108
Health economic papers N=2

Different topic N=21

Inclusion in evaluation: N=20 (17 studies)

1 additional study included in evaluation
(published in  November 2005 )

3 studies not included in evaluation

Inclusion: Additional  search N=156

 

Figure 1. Results of the literature search  
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5.1.2 Enquiries to manufacturers  

The manufacturer KCI of "V.A.C.® Therapy™" products supported or still supports 13 

studies whose full-text publications had not been published before the enquiries to the 

manufacturer or before the publication of abstracts [43-55]. According to the manufacturer, 5 

of these studies [43,45,46,50,54] have been terminated in the meantime because of slow 

enrolment, high attrition rates, changes in clinical practice, or  design flaws. Three studies 

have now been completed [47,51,56] and 2 of these [47,51] have been published [42,57]. 

The manufacturer of the instrument "Versatile 1 Wound Vacuum System", Blue Sky Medical, 

only referred to case reports.  

5.1.3 Manual search in congress reports  

The congress report "2nd World Union of Wound Healing Societies Meeting" (July 2004, 

Paris, France) contained 10 [44,45,48-55] of the 13 references provided by KCI published as 

abstracts and not published otherwise up to this date, together with 2 other abstracts [58,59]. 

The congress report "11th Annual Meeting and Educational Symposium, Wound Healing 

Society" (May 2001, Albuquerque, New Mexico, USA) contained information on another 

unpublished study [60]. The other congress reports named contained no further references to 

unpublished studies.  

5.1.4 Search in publicly accessible study registers and other sources in the Internet  

Information on 6 as yet unpublished studies was found in study registers [56,61-65], of which 

1 [56] had already been identified in the enquiry to KCI [55]. Of the remaining 5, 2 are still in 

progress [63,64], 2 have already been completed [61,65] and the status of 1 [62] is currently 

unknown.  

5.1.5 Search/enquiries: regulatory agencies/notified bodies  

No further references to unpublished randomised trials were found on the website of the U.S. 

Food and Drug Administration. 

"V.A.C.® Therapy™" from KCI is a medical device, classified in Class IIa, on the basis of 

Guideline 93/42/EWG [66]. The CE marking of this product expresses the fact that it is in 

accordance with the relevant product guidelines of the European Union. Attachment of the CE 

mark and the preceding evaluations are the duty of the manufacturer. With Class II products, 
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a neutral test office, the so-called notified body, performs an audit of the manufacturer's 

quality management system. If this does not exist, a prototype test is performed. TÜV 

Süddeutschland Holding AG, Munich, as the notified body, was requested for information as 

to whether there are competing medical devices to "V.A.C.® Therapy™". We were informed 

by phone on 23 September 2005 that, because of the lack of a central European database, no 

binding statement could be made as to whether CE certification had been applied for a 

competing medical device at any of the many European notified bodies. It is planned to 

establish a corresponding database in the future.   

The Federal Institute for Drugs and Medical Devices (Bundesinstitut für Arzneimittel und 

Medizinprodukte, BfArM) only regulates reporting of serious adverse events for medical 

devices. The BfArM was requested for information as to whether serious adverse events 

related to NPWT had been reported. It was reported by e-mail on 22 August 2005 that there 

had been a single user notification a considerable time ago, but that no conclusive evaluation 

of this had been performed. According to information in a telephone conversation of 22 

August 2005, these notifications are confidential and may only be transmitted to the Federal 

Ministry for Health and to the federal state authorities responsible. Nevertheless, the fact that 

the processing of the event had been slow permitted the interpretation that it was not a 

"general problem". The BfArM emphasised that the frequency of notifications of this sort did 

not allow any conclusions about the quality of the medical devices.  

5.1.6 Systematic reviews  

Samson 2004 [2] mentioned 10 randomised trials supported by KCI which had not been 

published at that time [43-45,48-54]. These 10 studies had already been identified from the 

manual search in the congress volumes (see Section 5.1.3). 

The preliminary results of the 2 abstract reports on the randomised trial of Greer 1999 [46] 

(not continued because of poor recruitment; see Section 5.1.2) and of Heath 2002 [47] (in the 

meantime concluded and published [57]; see Section 5.1.2) were considered by Pham 2003 

[3]. In addition, Pham 2003 [3] cited 3 of the randomised trials not yet published [61,62,65] 

which had already been identified in the search in the study registers (see Section 5.1.4).  

According to the "Regional Group Coordinator" of the "Cochrane Wounds Group" in an e-

mail on 14 October 2005, this group is working on 2 systematic reviews on NPWT. The titles 
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are "Topical negative pressure for partial thickness burns" and "Topical negative pressure for 

acute and traumatic wounds". The presumed dates of publication are not yet known.  

5.1.7 Enquiries to authors  

The search described in Sections 5.1.2 to 5.1.6 led to a total of 21 abstract reports of studies 

which had initially not (yet) been identified elsewhere as full-text publications (see Appendix 

C). We wrote to the authors of these reports to ask for standardised information on the status 

of the study development, the publication status and (where relevant) transfer of preliminary 

results and submitted journal manuscripts. These enquiries led to the identification of 2 full-

text publications, so that references remain to 19 unpublished studies.  

In addition, the authors of 3 published studies [67-69] were requested to add results which had 

not been reported.  

In the context of the statement procedure (see Appendix F), there was extensive 

correspondence with the authors of the Armstrong study published in November 2005 and, in 

particular, with the study sponsor, KCI.  

5.1.8 Information from statements and the scientific hearing  

The statements obtained (Appendix F) and the subsequent scientific hearing (Appendix E) 

provided no evidence of studies which had not yet been considered or identified and which 

were in accordance with the predefined inclusion and exclusion criteria for inclusion in the 

evaluation.  

The statements on the Armstrong study (2005) [42] and the relevant correspondence afforded 

additional aspects for the description of this study (see Section 5.2.3, description of 

Armstrong 2005). 

Additional aspects presented in the statements and in the scientific hearing are dealt with in 

Section 7 ("Discussion"). 

5.1.9 Resulting study pool  

The various steps in the search, with the inclusion of the 2005 Armstrong study [42], resulted 

in 20 completed studies which were initially classified as relevant and which were reported in 

23 publications (Tables 1 and 2); 9 of these were classified as randomised trials (Table 1) 

and 11 as non-randomised concurrent comparative studies (Table 2). All these studies 
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compared NPWT with conventional wound treatment. The non-randomised trial of Wild 2004 

[69] also included a comparison between 2 different types of NPWT in the treatment of the 

open abdomen.  
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Table 1. List of identified randomised trials  
Study Assigned full-text publication   Ref. Inclusion in 

evaluation  

Armstrong 2005 Armstrong DG, Lavery LA. Lancet. 2005; 366: 1704-1710 [42] Yes 

Buttenschön 2001 Buttenschön K et al. Foot Ankle Surg. 2001; 7: 165-173. [67] No 

Eginton 2003 Eginton MT et al. Ann Vasc Surg. 2003; 17: 645-649. [21] Yes 

Ford 2002 Ford CN et al. Ann Plast Surg. 2002; 49: 55-61. [70] Yes 

Jeschke 2004 Jeschke MG et al. Plast Reconstr Surg. 2004; 113: 525-530. 
Jeschke G. Plastische Chirurgie. 2003; 3: 127-131. 

[71,72] No 

Joseph 2000 Joseph E et al. Wounds. 2000; 12: 60-67. [73] Yes 

Moisidis 2004 Moisidis E et al. Plast Reconstr Surg. 2004; 114: 917-922. [57] Yes 

Mouës 2004 Mouës CM et al. Wound Repair Regen. 2004; 12: 11-17. 
Mouës CM et al. J Wound Care. 2005; 14: 224-227 

[24] 
[41] 

Yes 

Wanner 2003 Wanner MB et al. Scand J Plast Reconstr Surg Hand Surg. 
2003; 37: 28-33. 

[74] Yes 

 

The results of 2 randomised trials [67,71] and 1 non-randomised trial [75] were excluded 

from the actual evaluation because of particularly serious deficiencies. The justification for 

this is included in the description of the studies in Sections 5.2.3 und 5.2.4. 

Table 2. List of identified non-randomised trials  

Study Assigned full-text publication  Ref. Inclusion in 
evaluation 

Doss 2002 Doss M et al. Eur J Cardiothorac Surg. 2002; 22: 934-938. [76] Yes 

Etöz 2004 Etöz A et al. Wounds. 2004; 16: 264-269. [25] Yes 

Genecov 1998 Genecov DG et al. Ann Plast Surg. 1998; 40: 219-225. [77] Yes 

Huang 2003 Huang J et al. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 
2003; 17: 456-458. 

[75] No 

Kamolz 2004 Kamolz LP et al. Burns. 2004; 30: 253-258. 
Haslik W et al. Zentralbl Chir. 2004; 129: S62-S63. 

[78,79] Yes 

McCallon 2000 McCallon SK et al. Ostomy Wound Manage. 2000; 46: 28-34. [80] Yes 

Page 2004 Page JC et al. Adv Skin Wound Care. 2004; 17: 354-364. [81] Yes 

Scherer 2002 Scherer LA et al. Arch Surg. 2002; 137: 930-934. [82] Yes 

Schrank 2004 Schrank C et al. Zentralbl Chir. 2004; 129: S59-S61. [83] Yes 

Stone 2004 Stone P et al. Wounds. 2004; 16: 219-223. [84] Yes 

Wild 2004 Wild T et al. Zentralbl Chir. 2004; 129: S20-S23. [69] Yes 

 

5.1.10 Potential study pool  

A search in abstract reports and enquiries to authors and manufacturers led to the 

identification of an additional 19 potentially relevant studies (see Sections 5.1.2 to 5.1.6 and 

the tabular summary of characteristics in Appendix C): 5 of these 19 studies had been 

prematurely terminated, the status of 4 is unclear, 10 potentially relevant studies therefore 
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remain (including 3 already completed and 7 currently being performed) of which the results 

have not yet been published as full-text papers.  

5.2 Characteristics of the studies included in the evaluation  

5.2.1 Study design and study populations 

In all of the 20 studies initially classified as relevant, NPWT was compared with conventional 

wound therapy. In addition, 1 of these studies (Wild 2004) employed a 3-arm design, with a 

comparison between 2 types of NPWT (classical versus abdominal wound-specific NPWT). 

The originally planned comparison between different types of NPWT is therefore restricted to 

mentioning this study. The subsequent comparisons between NPWT and conventional wound 

treatment pool these 2 NPWT groups in this study, as they gave similar results.   

There are 9 randomised trials (Armstrong 2005, Buttenschön 2001, Eginton 2003, Ford 2002, 

Jeschke 2004, Joseph 2000, Moisides 2004, Mouës 2004, Wanner 2003) reported in 11 

publications, and 11 non-randomised concurrent comparative trials (Doss 2002, Etöz 2004, 

Genecov 1998, Kamolz 2004, Huang 2003, McCallon 2000, Page 2004, Scherer 2002, 

Schrank 2004, Stone 2004, Wild 2004) reported in 12 publications. General study details 

(general study characteristics, inclusion and exclusion criteria, description of test and control 

interventions, and baseline data) and the methodological aspects of both study types are 

presented as tables in Sections 5.2.3 (Tables 3 to 7) and 5.2.4 (Tables 8 to 12). These tables 

are preceded by a description of the essential and/or special aspects of the studies.  

There were differences in the design of the studies with respect to the study or observation 

unit of "Patient" or "Wound". In most of the studies, the authors performed interindividual 

comparisons. On the other hand, some studies employed an intra-individual design, in which 

2 wounds of the same patient were assigned to the test or control group (Joseph 2000, 

Genecov 1998, Kamolz 2004, Schrank 2004). In 1 study (Moisides 2004), 2 halves of the 

same wound were assigned to the 2 groups. Finally, there was 1 study in which a classical 

crossover design was selected (Eginton 2003). 

The indications included in the studies include acute and chronic wounds. In 5 studies, 

patients were examined with plastic skin cover or split thickness grafting (both donor and 
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recipient) (Jeschke 2004, Mosidis 2004, Genecov 1998, Scherer 2002, Stone 2004); 4 studies 

examined diabetic foot ulcers (Eginton 2003, Etöz 2004, McCallon 2000, Page 2004); 3 

studies examined decubitus ulcers (Ford 2002, Joseph 2000, Wanner 2003); 2 studies 

examined burns of the hand (Kamolz 2004, Schrank 2004); 2 studies examined fractures of 

the extremities (Buttenschön 2001, Huang 2003); 1 study examined postoperative sternum 

osteomyelitis (Doss 2002); 1 study examined  open abdomen with peritonitis (Wild 2004); 1 

study examined diabetic foot amputation wounds (Armstrong 2005); 1 study included patients 

with wounds of various origins (Mouës 2004). The form of conventional wound treatment 

used appeared to be adequate in all studies, even though the information given was sparse in 

some cases and there were great differences in the procedures applied.  

A sample size calculation was only reported in the study of Armstrong 2005. It is striking that 

this study included a higher number of patients than the other studies. Sample size calculation 

was not reported in any other study. Mouës 2004 mentions a calculation of this sort. However, 

he gives no details or results. In all the 20 studies initially rated as relevant, 677 patients were 

included, made up of 371 in randomised and 306 in non-randomised trials. The corresponding 

figures for the 17 studies included in the evaluation are 602 (total), 324 (randomised trials) 

and 278 (non-randomised trials).   

The maximum follow-up period in the studies was 1 year (Page 2004). However, this period 

was much shorter in most studies and was also shorter than the minimum follow-up of 3 

months after wound closure demanded by the FDA [34] and was, with a few exceptions, 

inadequate for recording possible secondary complications or recurrence of the wounds.  

The mean age of the patients in all studies was between 40 and 70 years. When the gender 

distribution was given, there was always a preponderance of male patients. In 1 study (Page 

2004), exclusively male patients were examined. Gender-specific differences were not 

examined in any study. Additional description of the patients in the studies was moderately 

good. The distribution of relevant concomitant diseases and therapies (such as diabetes 

mellitus, peripheral disturbances in perfusion, infectious diseases, immunosuppressive 

systemic diseases, treatment with corticosteroids, dialysis treatment, nutritional status) 

between the test and control groups was often not clear, even though this is particularly 

important in non-randomised trials if the comparability of the groups is to be assessed. 
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5.2.2 Study and publication quality 

Taken together, the quality of the studies and reports of all relevant studies must be described 

as poor. It is particularly striking that the randomisation technique is often not given in the 

randomised trials. In addition, there are often discrepancies between the results as given in the 

text and those given in the tables.  

There was no clear description of the concealment of group allocation in any publication. 

However, on the basis of written information from the authors, there was clear allocation 

concealment in 2 studies (Armstrong 2005, Buttenschön 2001). Nevertheless, a detailed 

review of the Buttenschön 2001 study led to exclusion from the evaluation (see Section 5.2.3, 

description of Buttenschön 2001). Although the studies of Etöz 2004 and McCallon 2000 

describe themselves as RCTs, the description of the randomisation was more in accord with 

so-called "pseudo"- or "quasi"-randomisation, with a clear lack of concealment of the patient 

allocation, so that these studies were assigned to the group of non-randomised trials.   

Blinding of the responsible physicians or patients could hardly have been expected. Blinded 

documentation of outcomes was only conducted in 5 of the 9 RCTs and in 1 of the non-

randomised trials. However, in 1 RCT (Armstrong 2005), the value of this quality parameter 

was limited, in that the primary result reported in the publication, complete wound closure, 

could also be achieved by operation. However, the indication for this was decided by the 

responsible physicians, who were not blinded.   

In all non-randomised trials (in accordance with the inclusion criteria for this report), the 

therapy and control groups were treated concurrently. There was only incomplete overlap 

between the treatment periods in the study of Doss 2002. The data collection in the non-

randomised studies was only partially prospective. In Doss 2002, Page 2004, Scherer 2002 

and Stone 2004, the clinical data were retrospectively collected from the patient files. In 

Huang 2003 and Wild 2004, detailed data on the time course of the investigation were 

missing. As there was no indication that these studies had a prospective design, they were 

classified as retrospective studies.   

A primary outcome was explicitly named in only 3 studies. In the remaining studies, 

adjustment for multiple testing was only performed in 1 case, although it was unclear how the 

adjustment was conducted (Jeschke 2004). 
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Because of the unclear presentation of the results, in almost none of the 20 studies was it 

possible to evaluate whether an ITT analysis had been performed or how dropouts had been 

handled. If there were unusual features in the patient flow (e.g. inconsistent information on 

the number of patients in the different groups) and no explicit consideration of dropouts, 

violation of the ITT principle was assumed. Of the RCTs, only Armstrong 2005 and Jeschke 

2004 and – with reservations – Buttenschön 2001 observed the ITT principle. However, after 

a thorough review, the results of the last 2 studies could not be considered (see Section 5.2.3). 

A criticism of Armstrong 2005 is that the patient flow was not clearly described in the 

publication, and that the application of the ITT principle for a (patient-relevant) secondary 

outcome, the amputation rate, may have been performed in an anti-conservative manner (see 

Section 5.2.3, description of Armstrong 2005). 

5.2.3 Specific aspects of the randomised trials  

Armstrong 2005 

This study deserves to be discussed in somewhat more detail, as with 162 enrolled patients it 

is by far the largest randomised trial; the patient number is greater than the sum of the patients 

in all the other 6 randomised trials considered in the evaluation. Moreover, it fulfils higher 

quality standards, even though there are considerable deficiencies in the quality of the study 

and report (see below).  

In this multicentre study, wounds were investigated after partial foot amputation in patients 

with diabetes mellitus (about 90% type II). The wounds were on average 6 weeks old, 

although there was a great variability (standard deviation 5 months). The duration of 

observation given in the publication was 16 weeks.  

The main quality aspects of the design and evaluation of the study will now be presented. 

Some of these details can be found in the statements and in the additional correspondence 

with the authors and the study sponsor, KCI.  

Primary outcome  

The definition of the primary outcome and the distinction from secondary outcomes were not 

unambiguously clear in the publication. It is legitimate to ask whether the definition of the 

primary outcome – complete wound closure with 100% re-epithelialisation – also implies the 

possibility of surgical wound closure, as the rates of wound healing or the facilitation of 
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surgical wound closure was also defined as a secondary outcome. Without anticipating the 

presentation of the results, a separate consideration of complete wound closure without 

surgical intervention as a primary outcome would have led to a negative result in the study, 

i.e. no statistical significance in the difference between the groups.  

In the publication, the combined outcome consisting of complete wound closure with and 

without surgical interventíon was prominently presented in the results section. 

Correspondence with the authors and the sponsor of the study failed to clarify this question 

conclusively. However, it could be established that the primary outcome of the study was 

modified in an amendment to the protocol in July 2004. At this point in time, the first data 

from the study had already been evaluated and been published with unblinded group 

allocation.  

This modification included the reduction of the 3 primary outcomes initially planned namely:  

(1) Incidence of complete wound closure 

(2) Accelerated wound healing or facilitation of surgical wound closure  

(3) Change in the wound area over time  

to a single primary outcome, namely parameter (1) above (without adjustment of the level of 

error, as explained by company representatives on enquiry during the hearing). The 2 

remaining parameters were declared to be secondary parameters. The statement from KCI on 

the preliminary report contains the following information:  

"In the interest of trying to conform to US FDA guidance, the 19 July 2004 amendment to the 

protocol changed the primary aim of the study to complete wound closure by 100% 

epithelialization without drainage. As a result, complete wound closure by surgical means was 

therefore relegated to a secondary endpoint instead of a primary aim as previously positioned. 

This change was made even though wound closure by surgical means is a primary clinical 

goal of V.A.C.® TherapyTM. Therefore, the authors evaluated the incidence of complete 

wound closure both including and excluding the incidence of closure by surgical means." 

However, despite this explanation, it is still doubtful whether the criterion "100% 

epithelialization without drainage" really should include wound closure with surgical help.  

In their statement, the authors declared: "To clarify, the primary objective was to evaluate the 

proportion of wounds healed (with or without surgical intervention)." 
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The Institute repeatedly requested the study protocol, the protocol amendment, and the 

clinical study report. However, this was not granted, with reference to copyright (as the 

procedure for preparing the IQWiG report would lead to publication of this information) or it 

was stated that the document was not yet ready. Only extracts from the study protocol were 

provided without further verification. Although the statistical analysis plan was made 

available, the problem could not be solved on this basis.  

Finally, the last letter from the sponsor suggested that the evaluation criteria for successful 

therapy ("complete wound closure") were defined differently in the NPWT group – as 100% 

filling of the wound with granulation tissue – than in the control group (100% re-

epithelialisation). Should this be correct, unambiguous interpretation of the data on wound 

closure – as presented in the publication – would be difficult to achieve. Conclusive 

clarification of the problem would only be possible after inspection of the study protocol and 

possibly the study report – which was, as already mentioned, refused by the sponsor.   

 

Concealed allocation  

On the basis of the publication, it cannot be stated unambiguously whether there was 

concealed allocation. However, the authors clarified this issue during the procedure of 

submitting statements: ("Specifically, envelopes used for screening were opaque, sealed, and 

sequentially numbered. They were allocated in a permuted block and blinded manner.") 

Blinding 

The primary outcome (see above) was measured twice; by the responsible physicians, who 

were not blinded, and by planimetric measurement of digital photographs of the wounds, 

which were evaluated in ignorance of the group allocation. With 2 exceptions in the control 

group, the evaluations agreed. In both cases, a decision was made in favour of the control 

group, i.e. conservatively with respect to the evaluation of NPWT. The evaluation of the 

primary outcome must be qualified by the comment that the declared primary outcome of 

complete wound closure can – as mentioned above – also be achieved by surgical 

intervention, with the indication for surgery made by the responsible physicians, who were 

not blinded. It could not be established whether the surgically closed wounds in the 2 groups 

were similar in residual size before closure, so it is unclear whether the indication for surgical 

wound closure in the 2 treatment groups was similar.  
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ITT evaluation and patient flow  

An ITT evaluation was performed for the declared primary outcome. In this, patients who 

withdrew from the study during the planned observation period of 16 weeks and for whom no 

complete wound closure was recorded before withdrawal were evaluated as therapy failures. 

This corresponds to a conservative approach for the therapy success rates assumed in the 

sample size planning and observed in the study, if it is assumed that the proportion of therapy 

failures in patients who withdraw from the study is greater than for the patients who remain in 

the study. The qualification must nevertheless be added that the patient flow was not 

illustrated clearly enough in the publication and that, for example, no reasons for withdrawals 

were given. It is also an essential question in this context whether the patients withdrew from 

both treatment arms at comparable points in time. The latter could be essentially confirmed by 

data provided by the sponsor.  

On the other hand, in their written statement, the authors presented a table on premature 

withdrawals which was not only inherently inconclusive, but which also gave a much higher 

withdrawal rate than that in the publication. The sponsor explained this contradiction by 

stating that this table contained data on a later study phase (after 16 weeks), which was not 

reported in the publication. The request to extract the information for the first study phase (the 

only phase of interest here) was not responded to. Only the deaths were extracted (see 

Appendix F). It should also be noted that the information on the occurrence of deaths (also in 

the first study phase) was not provided in the publication.  

There was an ITT analysis of the patient-relevant secondary outcome "re-amputation rate"; 

this was performed in exactly the opposite manner to the corresponding analysis of the 

primary outcome. This means that one can assume that patients who withdrew during the 

planned observation period of 16 weeks were rated as therapy successes (no re-amputation). 

With the assumed and observed re-amputation rates, this possibly led to an anti-conservative 

estimate, if it is assumed that the proportion of therapy failures in patients who withdrew from 

the study was higher than those who remained in the study.  

In summary, the results of the Armstrong study 2005 can only be interpreted with reservations 

because of the problems described with main quality criteria or contradictory reporting. It 

would be expected that the questions raised could be largely clarified if the study protocol and 

possibly study report were available – which has been repeatedly refused by the sponsor, KCI.  



Final Report N04-03: Negative Pressure Wound Therapy 

 34 

Buttenschön 2001 

This study included patients with status after closed malleolar fracture. The main focus was 

on changes in numerous biochemical inflammation parameters in the groups, which lay 

beyond the outcomes defined in the report plan of this report. In addition, a primary wound 

suture was used in the control group; this is not a conventional wound treatment in the sense 

of the report plan. The pressure of –600 mmHg (–80 kPa) used in the study substantially 

exceeds the clinically conventional value of –125 mmHg. 

The incidence of complications during a follow-up period of 1 year was reported for this 

study. We wrote to the author, who provided detailed information on the complication rates 

(see Appendix D). The following points were striking here: Firstly, it was reported in the 

study that patients were clinically examined in a follow-up visit ("morbidity was checked 1 

year after surgery by clinical examination"), whereas the author wrote that the patients were 

only followed up by a mailed questionnaire. Secondly, the number of complications was 

given in the abstract of the publication as 7 (of 18 patients in the NPWT group) vs. 5 (of 17 

patients in the control group). However, in the author's written response referring to the 

patient responses to the questionnaire, the number of complications is given as 8 (of 16 

NPWT patients) vs. 2 (of 15 control patients) (2nd of 4 questions "Did complications occur in 

the time after operation?") Thirdly, the time of the occurrence of pain and restriction to 

movement was not given, so that it is difficult or hardly possible to establish a direct 

connection with the initial mode of wound care. The level of the negative pressure may 

possibly be connected with the incidence of postoperative pain given by the author (6/14 vs. 

2/15). 

Because of the questionable clinical relevance of this study as reported (patient cohort and 

therapy form) and the contradictory presentation of the results, the results of the Buttenschön 

study were not included in the evaluation and are therefore not listed in the following tables.  

Eginton 2003 

This crossover study employed NPWT and conventional wound therapy over a period of 2 

weeks each, without an intermediate "wash-out phase". Even though a therapy-free interval 

between the 2 phases would not have been medically acceptable, possible carry-over effects 

must be discussed. The inclusion of 1 patient with 2 separate foot wounds in the study 

produced dependent data, without adequate consideration in the evaluation. An essential point 
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of criticism is that only 6 of the 10 patients initially enrolled (7 of the initial 11 wounds) were 

included in the evaluation. The exclusion reasons were clearly reported and included failure 

of the NPWT in 1 case. However, it was not reported in which of the 2 phases the exclusions 

took place. There was no information in the publication on the significance tests performed.  

Ford 2002 

The authors describe the presentation of the study results as an interim analysis. It remains 

unclear whether the publication of an interim analysis was preplanned, what the reasons were 

for this interim publication and whether the study was continued. Moreover, it remains open if 

and when a final publication is planned and who the authors are, so does the final number of 

patients. Even though the randomisation in the study was clearly on the basis of the patients, it 

was not clearly described whether several wounds per patient were treated with the allocated 

therapy. This might have the consequence that several wounds of the same patient were 

considered as independent statistical analysis units in the analysis of the wound volumes of 

several wounds. Although 28 patients with 41 decubitus ulcers were included in the study, 

results were only presented for 22 patients with 35 wounds. The reasons for the withdrawal of 

the patients were explicitly documented. However, the allocation of the unreported patients to 

the different therapy groups could not be found in the publication. It is not clear that there was 

a separate crossover analysis for the 3 patients whose therapy was changed. The wound size 

was measured in a blinded manner.  

Jeschke 2004 

This study investigated the "take-rate" of a collagen matrix in the initial wound treatment of 

acute or chronic wounds. In the test group, the patients were treated with both NPWT and 

fibrin spray adhesive, whereas the fibrin spray adhesive was not used in the control group. 

Thus any therapeutic effect could be totally or partially due to the fibrin adhesive. The 

outcome "take-rate" is rather subjective and was not recorded in a blinded manner.  

As the selected study design does not permit any separation between the effects of NPWT and 

the fibrin spray adhesive (especially with respect to the main outcome of the study), the 

results of Jeschke were not used for the subsequent report and are therefore not listed in the 

following tables.  
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Joseph 2000 

Patients were prospectively randomised into 1 of 2 treatment groups receiving either NPWT 

or standard wound therapy. Study files were made, including colour coding for group 

allocation (silver for the NPWT, black for conventional wound treatment), and were randomly 

organised in a locked cabinet. This is not regarded as reliable concealment in the present 

report, as the possibility is not excluded that the file could have been returned if the allocation 

was not desired. As the randomisation was made on the basis of the wounds, in several cases 

2 wounds from the same patient were allocated to the same therapy. The dependence of the 

data was not considered, which violates basic statistical principles.  

Data on the initial wound volume were contradictory. In Table 2 of the publication, the mean 

initial wound volume before the start of treatment was given as 38 cm3 for the test group and 

24 cm3 for the control group. However, the sum of the individual values in Table 4 of the 

publication gives mean values of 53 (SD 46) cm3 and 25 (SD 25) cm3, respectively. This 

difference between the groups is significant in the Welch t-test with p = 0.0312. The statistical 

analyses are not comprehensible, as the test used is not given and it is also unclear whether 

means or medians are given. Confidence intervals are given for the multivariate model given 

in Table 3 of the publication, but effect estimators are missing. The deficiencies in reporting 

extend to the figures. Several graphs contain errors. In Figure 1 of the publication the group 

allocations in the legend have evidently been confused. Figure 5 of the publication does not 

illustrate the change in wound volume over time, but is identical to Figure 4 of the 

publication, but with different scales. The measurement of the wound size and its evaluation 

were performed by a blinded microbiologist.  

Moisidis 2004 

The special feature of this study is the intra-individual randomisation of large wounds covered 

with split-thickness skin graft, where each wound was split by a barrier into 2 halves which 

were separately allocated to the test or to the control group. It is not discussed and is unclear 

what effect this separation had on the wound healing. The loss of 9% (2 of 22) in the follow-

up was described without further details. These 2 cases were excluded from the evaluation. 

This violates the ITT principle, even if the 2 groups were equally affected. The clinical 

evaluation of the wound results was conducted in a blinded manner.  
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Mouës 2004 

There was initially some imbalance between the groups with respect to some patient 

characteristics, although this tended not to favour the test group. There are no data of any sort 

on the initial wound size, although the percentage change in wound size is given. 

Randomisation of the wounds in this study was performed by withdrawing a sealed envelope 

containing the description of therapy. Allocation concealment is unclear, as it is not 

mentioned whether the envelopes were transparent, reliably sealed, and given a running 

number.  

Of the 54 patients (29 vs. 25), only 28 (15 vs. 13) were evaluated in the analysis of the change 

in wound area. This is a gross violation of the ITT principle, particularly as no reason of any 

kind is given for this procedure. The "ready for surgical therapy" analysis gives an overall 

description of the reasons for censorship (when "ready for surgical therapy" was not reached 

within 30 days or follow-up was stopped for reasons of death, sepsis, or refusal of further 

cooperation). However, the distribution of the reasons between the groups is not given, with 

the exception of "ready for surgical therapy" not reached within 30 days as a reason for 

censorship (concerns 1 patient in the control group; 3 patients in the test group and 1 patient 

in the control group were censored for other reasons).  

The microbiological evaluation of the wound biopsies was blinded, whereas the clinical 

evaluation of the wounds (as patient-relevant outcome) could, according to the authors, not be 

blinded, as the NPWT left a visible imprint on the wound.  

Wanner 2003 

It is a noticeable feature of this study that the dressings in the NPWT group were only 

changed every 2 to 7 days; this is less frequently than usual. Two of the 24 patients with 

pressure ulcers in the pelvic region were not considered in the evaluation. One of these 

patients was lost to follow-up. In the other patient, the dressing for NPWT could not be fixed 

because of severe diarrhoea. The ITT principle was thus violated. 

The evident change in the hypothesis tested is a clear deficiency. Whereas it was initially 

assumed that the NPWT would be (clearly) superior to standard therapy with regard to more 

rapid wound healing, reference is made in the statistics and results section to an equivalence 

test, which however was not significant either, even though there was only a minimal 
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difference between the groups. This implies that the sample size was unsuited for any 

statement. This study reports how many of the potential patients could be recruited into the 

study (24 of 34).  
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Table 3. Study characteristics (randomised trials)  
Study Design Observation period Number of patients / wounds at start of 

study(a) 
Country / setting Relevant outcomes(b) 

Armstrong 2005 Parallel 
Multicentre 

16 Weeks NPWT(c): 77 Patients 
Control: 85 Patients 

USA 
Inpatients and 
outpatients 

o Proportion of patients with complete 
wound closure at study end  

o Proportion of patients with  
         re-amputations 
o Therapy-related complications 

Eginton 2003 Crossover 
2 Centres 

2 Weeks per sequence 10 Patients (11 wounds) USA 
Inpatients and 
outpatients  

o Reduction of wound volume and 
wound area within 2 weeks  

Ford 2002 Parallel(d) 
Single centre 

3 to 10 months 28 Patients (41 wounds) 
Allocation of patients to groups not given  

USA 
Inpatients 

o Complete wound healing within 6 
weeks  

o Reduction in wound volume within 6 
weeks  

o Complications (local and systemic) 
Joseph 2000 Parallel 

Single centre 
Up to 10 weeks NPWT: 12 Patients/18 wounds 

Control: 12 Patients/18 wounds 
USA 
Inpatients, domestic care 
and nursing home  

o Time till 90% reduction in wound 
volume  

o Reduction in wound volume within 6 
weeks  

Moisidis 2004 Parallel, intra-
individual 
Single centre 

2 Weeks NPWT: 22 Wound halves 
Control: 22 Wound halves 

Australia 
Inpatients 

o Epithelialisation of wound  

Mouës 2004 Parallel 
Single centre 

Up to 1 month NPWT: 
Wound closure: 29 patients,  
Wound surface: 15 patients 
Control:  
Wound closure: 25 patients, Wound 
surface: 13 patients 

Netherlands 
Inpatients 

o Time till operative wound closure  
o Change in wound area  

Wanner 2003 Parallel 
Single centre 

Up to 8 weeks 24 Patients 
Allocation of patients to groups not given  

Switzerland 
Inpatients 

o Time till 50% reduction in wound 
volume  

o Reduction in wound volume  
a Number of patients or wounds primarily recruited in the study.  
b Patient-relevant outcomes in accordance with Section 4.1.3 and surrogates for "Shortening of wound healing time" (in bold print, if declared as primary outcome). 
c NPWT: negative pressure wound therapy. 
d 3 Patients were subsequently investigated by Ford 2002 per crossover.  
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Table 4. Inclusion and exclusion criteria (randomised trials)  
Study Wound types / 

patient groups considered 
Main inclusion criteria  Main exclusion criteria  

Armstrong 2005 Acute or chronic wounds after 
partial foot amputation in 
diabetes mellitus patients 

Age at least 18 years, patients with diabetes 
mellitus, wounds with partial foot amputation up 
to the transmetatarsal level  
Evidence of perfusion in the foot: either tcPO2

(a) ≥ 
30 mmHg or ankle-arm index 0.7-1.2 

Active Charcot arthropathy of the foot, burns, venous failure, untreated 
cellulitis,  osteomyelitis after amputation; collagen vascular disease, 
malignant disease of the wound, uncontrolled hyperglycaemia with 
HbA1c > 12%; treatment with corticosteroids, immunosuppressives or 
chemotherapy, NPWT(b) therapy within the last 30 days  

Eginton 2003 Chronic wounds in diabetic 
foot ulcers  

Wounds which could not be healed within 1 
month  

Treatment with growth factors, hyperbaric O2 therapy within 30 days 
before or during the study period, untreated cellulitis (deep tissue 
infection), malignant tumour in the wound, much necrotic tissue in the 
wound, osteomyelitis, NPWT not covered by health insurance fund  

Ford 2002 Chronic wounds in pressure 
sores in any localisation  

Age 21-80 years(c) 
Grade 3 or 4 ulcer (present for at least 4 weeks)  
Serum albumin ≥ 2.0 g/dl 
Ulcer volume after debridement 10 to 150 ml 

Fistulas, malignant tumours in the wound, sepsis, burns from exposure to 
electric current, radiation or chemicals, connective tissue disease, chronic 
renal or pulmonary disease, uncontrolled diabetes mellitus, corticosteroids 
or immunosuppressives, recently implanted osteosynthesis material  

Joseph 2000 Chronic wounds in any 
localisation  

Wounds which could not be healed within 4 
weeks  

Urinary infection, pneumonia, wound infection, serum albumin < 3.0 g/dl, 
chronic diseases (of the lungs, kidneys or other), uncontrolled diabetes 
mellitus, hypertension, corticosteroids, other immunosuppressive therapy, 
anticoagulation, osteomyelitis, malignant tumours within the wound 
borders, fistulas  

Moisidis 2004 Acute or chronic wounds 
receiving a split-thickness skin 
transplantation  

Adult patients with skin defects ≥ 25cm2, who are 
to be given a split-thickness skin transplantation  

No information 

Mouës 2004 Acute or chronic wounds of 
any localisation  

Wounds which could not be immediately closed 
by surgery, because of infection, contamination or 
chronicity  

Cancer, deep fistulas, sepsis, current bleeding, poorly controlled diabetes 
mellitus, unstable skin surrounding the edge of the wound   

Wanner 2003 Chronic wounds from pressure 
sores in paraplegic or 
tetraplegic patients  

Patients with pressure sores in the pelvic region, 
extending at least into the subcutaneous fat tissue  

No information  

a tcPO2: Transcutaneously measured oxygen pressure.   
b NPWT: negative pressure wound therapy. 
c Contradictory data: in Table 1 of the publication Ford 2002: 21-80 years, in publication text: 18-80 years. 
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Table 5. Wound treatment (randomised trials)  

Study Test group Control group 
Armstrong 2005 NPWT(a)  dressing (V.A.C.® (b), KCI) with initial debridement 

No information on application form and the pressure level 
Dressing changed every 2 days  

Various forms of moist wound cover with alginate, hydrocolloid, 
foam, hydrogel. Initial debridement.  
Dressing changed daily  

Eginton 2003 NPWT dressing (V.A.C.®, KCI) with continuous application of -125 
mmHg pressure 
Dressing changed 3 times weekly, or more if necessary  

Moist dressing with hydrocolloid wound gel  
Dressing changed daily  

Ford 2002 NPWT dressing (V.A.C.®, KCI) after debridement 
No information on application form or level of pressure 
Dressing changed 3 times weekly  
Treatment duration 6 weeks  

Gel wound cover after debridement with Cadexomer iodine or an 
enzymatic wound ointment (papain-urea-chlorophyllin copper 
complex) 
Dressing changed once to twice daily  
Therapy duration 6 weeks  

Joseph 2000 NPWT dressing (V.A.C.®, KCI) with negative pressure - no further 
details  
No information whether continuous or intermittent application  
Dressing changed every 2 days for a period of 6 weeks  

Moist dressing with NaCl solution with adhesive foil cover  
Dressing changed 3 times per day over a period of 6 weeks  

Moisidis 2004 NPWT dressing (V.A.C.®, KCI) with continuous application of  -100 
mmHg pressure 
Silicone layer between skin and sponge for 5 days, then dressing 
removed and standard dressing applied with dressings soaked in 
petroleum and physiological saline with crepe dressing changed daily  
No dressing change in the first 5 days  

Standard dressing with acriflavine wool and "Standard Foam" with 
silicone layer between skin and dressing for 5 days then removal of 
dressing and application of a standard dressing with daily change of 
dressings soaked in petroleum and physiological saline with crepe 
dressing  
No dressing change in the first 5 days  

Mouës 2004 NPWT dressing (V.A.C.®, KCI) with continuous application of  -125 
mmHg pressure 
Dressing changed every 2 days till surgical wound closure  

Moist standard dressings with one of the following solutions: 0.9% 
NaCl, 0.2% nitrofuralam, 1% acetic acid or 2% Na hypochloride  
Dressing change twice daily  

Wanner 2003 NPWT dressing (V.A.C.®, KCI) after wound debridement with  -125 
mmHg pressure 
Dressing change every 2 to 7 days, till surgical wound closure  

Moist dressings, soaked in Ringer solution after wound debridement  
Dressing changed 3 times daily till surgical wound closure  

a NPWT: negative pressure wound therapy; b VAC®: vacuum-assisted closure.  
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Table 6. Baseline data (randomised trials)  

Study Number of evaluated patients / 
wounds(a) 

Age 
in years(b) 

Gender 
(women / men in %) 

Initial wound area or volume(b) 

Armstrong 2005 162 (of 162) Patients NPWT(c): 57.2 (13.4) 
Control: 60.1 (12.2) 

NPWT: 14/86 
Control: 22/78 

NPWT: 22.3 cm2 
Control: 19.2 cm2 

Eginton 2003 6 (of 10) Patients 
7 (of 11) Wounds 

No information 17/83(d) Length 7.7 cm, Breadth 3.5 cm, 
Depth 3.1 cm(d) 

Ford 2002 22 (of 28) Patients 
35 (of 41) Wounds 

NPWT: 42 
Control: 54 

No information 10-150 cm3(d) 

Joseph 2000 24 (of 24) Patients 
36 (of 36) Wounds 

NPWT: 56 
Control: 49 
(p = 0.17) 

NPWT: 34/66 
Control: 56/44 

(p = 0.18) 

NPWT: 38 cm3 
Control: 24 cm3 

(p = 0.08) 
Moisidis 2004 20 (of 22) Patients 

40 (of 44) Wound halves(e) 
60 (18)e,f 40/60(e,f) 128 (126) (e,f) cm2 

Mouës 2004 Wound closure: 54 (of 54), 
Wound surface: 28 (of 54) Patients 

NPWT: 48 (20) 
Control: 48 (17) 

NPWT: 28/72 
Control: 44/56 

No information 

Wanner 2003 22 (of 24) Patients NPWT: 49 (25-73) (g) 
Control: 53 (34-77) (g) 

NPWT: 36/64 
Control: 27/73 

NPWT: 50 (33) cm3 
Control: 42 (16) cm3 

a If the number of patients and wounds is the same, only the number of patients is given (in brackets, the primary number of patients/wounds included in the study). 
b Unless otherwise stated, means with standard deviations in brackets.  
c NPWT: negative pressure wound therapy.  
d No allocation to therapy groups given.  
e Intra-individual comparison.  
f Calculated by us from the raw values given in the publication.  
g Range (no standard deviation or raw values given).  
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Table 7. Quality of the studies/publications (randomised trials) 

Blinding Study Randomisation / 
allocation concealment Patient Physician Evaluator(a) 

Sample size 
planning 

Intention-to-
treat 

Study 
discontinuations(b)

Biometric 
quality 

Armstrong 2005 Yes(c) No No (Yes)(d) Yes (Yes)(e) 38 without details Major deficiencies (f) 
Eginton 2003 Unclear No No Yes No No 4 with details Major deficiencies  
Ford 2002 Unclear No No Yes No No 6 with details Major deficiencies  
Joseph 2000 Unclear No No Yes No Unclear No information Major deficiencies  
Moisidis 2004 Unclear No No Yes No No 2 without details Major deficiencies  
Mouës 2004 Unclear No No No Mentioned 

without details 
No 26 without 

details(g) 
Major deficiencies  

Wanner 2003 Unclear No No No No No 2 with details Major deficiencies  
a For at least 1 outcome  
b All cases of discontinued study participation. During therapy: "Withdrawal" after protocol violation and "Dropout" on the part of the patient. After therapy: "Loss to 

follow-up" if the follow-up after end of treatment was missing.  
c According to authors' written information.  
d However, in this case, this quality characteristic is qualified by the fact that the main result reported in the publication - complete wound closure - could also 

sometimes be achieved by surgical intervention and the indication for this was made by the responsible physicians, who were not blinded.  
e The qualification must be made that the patient flow in the publication and in the correspondence with the authors and the sponsor was not transparent and that the 

application of the ITT principle for the (patient-relevant) secondary outcome of the rate of re-amputation may possibly have been anti-conservative.  
f This classification is due to unresolvable lack of clarity in the definition of the primary outcome and only limited fulfilment of essential quality characteristics.  
g The study of Mouës 2004 reports the results for the measurement of wound area for only 28 of 54 patients.  
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5.2.4 Specific aspects of the non-randomised trials  

Doss 2002 

The study period for this study on sternum osteomyelitis extended from 1998 to 2000. Until 

May 1999, only conventional wound treatment was used, but after this, also NPWT. Thus the 

test group was partially compared to a historical control. As the control group was partially 

concurrent, the study was rated as relevant in the sense of the report plan. The allocation to 

the 2 groups was to some extent dependent on the availability of NPWT and to some extent 

on the decision of the responsible surgeon. The 2 groups are comparable with respect to age, 

microbial spectrum, comorbidity and type of operation. Data were collected retrospectively.  

The presentation of the results is not quite transparent, as some of the information on 

measures of spread of the data are missing. The duration of treatment was a parameter which 

was largely determined subjectively. The measurement of wound size was not defined in 

more detail and is not clear either.  

Etöz 2004 

In the text to this publication, the allocation of the patients was described as random. It must 

nevertheless be assumed that the randomisation was not genuine, as allocation to the groups 

was performed on the basis of the final number of the hospital registration number 

(pseudorandomisation). When the final number was odd, the patient was given NPWT and 

when it was even, control therapy. The 2 therapy groups were not treated with analgesics in 

the same way. All patients in the NPWT group were given intravenous analgesics, but those 

in the control group were only given oral analgesics as needed.  

The data in Table 1 of the publication contain calculation errors (patient identification 

numbers 9 and 11) and differ from the information in the text (mean reduction in wound size 

19.5 cm2 in the table, but 20.4 cm2 in the text). 

 

Genecov 1998 

This study contains an intra-individual comparison and reports on the results, with only 10 of 

the 15 patients originally included. The reasons for the exclusion from the evaluation are 
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reported and include 1 case of faulty application of NPWT (disconnection of the pump). The 

ITT principle was thus violated. The manner of allocation to the 2 treatment groups was not 

reported. It is unclear whether the initial wound size was similar in the 2 groups. The 

presentation of the results is not transparent, as no absolute values were given for the 2 

groups, but only a p-value for the group comparison.  

Huang 2003 

This study was translated from Chinese and presents the wound treatment of patients with 

open fractures. The time course of the treatment was not explicitly described. It is presumably 

a retrospective design with a concurrent control group. The criticism must be made that the 

type of fracture care in the 2 groups was different. Whereas the fractures in the NPWT group 

were treated with primary internal osteosynthesis, in the control group a 2-step procedure was 

used with primary external fixation. Osteomyelitis and wound sinus formation were evidently 

counted as wound infection and assigned to conventional wound treatment. However, these 

are rather to be regarded as complications of external fixation. The negative pressure for the 

NPWT was set at a value of 375 mmHg to 450 mmHg (50 to 60 kPa) within the first 24 hours 

of the operation with a Redon bottle. The level of negative pressure during the subsequent 

period remains unclear.  

Two of the patients included in the study were excluded from the evaluation and not 

described in more detail; this violates the ITT principle. Some patients with 2 fractures were 

included in the study.  

As the selected study design allows no separation between the effects of NPWT and operative 

technique (1- or 2-step procedure), the results of Huang 2003 are not considered in the 

evaluation in this report and not listed in the tables below. Moreover, the selected negative 

pressure is clearly outside the usual clinical range.  

Kamolz 2004 

Patients with first or second degree burns on both hands were prospectively investigated. 

Each patient had burns on both hands, which were allocated to different treatment groups 

(design with intra-individual comparison); the more severely burnt hand was given NPWT 

and the other hand was assigned to the control group. However, information on the initial 

wound size and the exact severity of the burns are missing. The study primarily examined the 
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perfusion of both hands by laser fluorescence angiography. Even if this was blinded, this is a 

surrogate parameter, with uncertain validity in the context of patient-relevant outcomes. The 

method of recording pain is also unclear.  

McCallon 2000 

Group allocation for this study was performed for the first patient by tossing a coin and then 

in alternating sequence. This procedure corresponds to pseudorandomisation. Because of the 

small number of patients (5 patients per group), the authors did not conduct an inferential 

statistical analysis of the results. The reported measures of variability are not unambiguously 

designated, but can be partially calculated from the given individual values.  

Page 2004 

The 2 treatment groups in this study are not comparable with respect to wound size (which 

was statistically significantly larger in the NPWT group) or albumin serum concentration 

(significantly lower in the NPWT group), so that these and other characteristics (age, 

ethnicity, and diabetes mellitus) were taken into account as confounding factors in the 

multivariate analysis. In the multivariate analyses on revision operations, complications and 

readmissions to hospital, it is not reported how frequent these events were overall and how 

they were defined (amputations were evidently not rated as complications). The patient flow 

is unclear, as "interruption in treatment" was defined as an exclusion criterion, without any 

statement of how frequent this was. Finally, it is unclear how the parameter "wound volume" 

was measured in this retrospective study.  

Scherer 2002 

In a comparative retrospective study (N = 61 patients), the treatment of wounds covered with 

split-thickness skin was studied. The initial wound size was statistically significantly larger 

than in the control group. However, the authors emphasise in the discussion that none of the 

repeated skin transplantations took place in patients with large skin defects. The patient flow 

and analysis are unclear, as 2 of the drop-out patients (transplant failed to "take" after 

conventional wound treatment) were nevertheless partially included in the analysis.  
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Schrank 2004 

This publication is evidently a partial evaluation of a single centre in a multicentre 

prospective comparative study. The report describes 11 patients with second degree burns on 

both hands. An intra-individual design was used in which the more severely burnt hand was 

assigned to NPWT, while the less severely burnt hand was assigned to the control group 

(evaluation by 2 experienced surgeons independently of one another). There is however no 

specific information on wound size and the exact degree of the burns. The publication 

contains no data of any sort on the results (it was stated that the exact data will be presented in 

additional publications in the near future). Nor are there any details on the exact conduct of 

the study. In general, the quality of the reporting is so rudimentary that no conclusions are 

possible. The publication does not contain any literature citations. We wrote to the first author 

in July 2005 to ask for more details about the study. No answer has so far been received. The 

available data are nevertheless presented in this report.  

Stone 2004 

This comparative retrospective cohort study examined wounds covered with split-thickness 

skin (N = 46 in 40 patients). Group allocation was decided by the responsible surgeon. The 

initial wound size was smaller in the NPWT group (p = 0.08). It is unclear whether the patient 

or the wound was the observational unit. The description of patient flow is acceptable. The 

heading of Table 2 in the publication wrongly gives the total of grafts in the conventional 

therapy group as 23 rather than 25.  

Wild 2004 

This 3-arm study on the treatment of the open abdomen in peritonitis compared 2 types of 

NPWT (each N = 8) with conventional wound therapy (N = 5). The publication contains no 

information of any sort on the comparability of the patient groups with respect to the type and 

severity of the underlying disease, comorbidity, age or gender. It is also unclear from the 

publication whether it was performed retrospectively or prospectively. The presentation of the 

results is not clear, as the measures of spread and units are often not given.  

We then wrote 2 letters to the author with the request for additional information, such as on 

the inclusion of patients in the study and the distribution of characteristics relevant to the 

prognosis, to help us to evaluate the results. However, we have not yet received any 
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information, except by phone that the study was retrospective. It was also reported that a 

database for the prospective recording of clinical data from patients with similar clinical 

presentations is now being built up in more than 50 centres in Europe. This would also record 

the type of wound care (with NPWT or conventional). However, randomisation was not 

planned.  
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Table 8. Study characteristics (non-randomised trials) 

Study Design Observation period(a) Number of patients / wounds at 
start of study (b) 

Country / setting Relevant outcome criteria(c) 

Doss 2002 Partially parallel 
Retrospective 
Single centre 

5 Weeks(d) NPWT(e): 20 Patients 
Control: 22 Patients 

Germany 
Inpatient 

o Change in wound area 
o Time till operative wound closure  
o Period in hospital  

Etöz 2004 Parallel, 
pseudorandomised
Prospective 
Single centre 

4 to 24 days NPWT: 12 Patients 
Control: 12 Patients 

Turkey 
Inpatient 

o Time till operative wound closure  
o Change in wound area 
o Necessity of operations  
o Pain (method of measurement unclear)  
o Complications (local and systemic) 

Genecov 1998 Parallel, intra-
individual 
Prospective 
Single centre 

1 week 15 Patients (30 wounds) 
NPWT: 15 wounds 
Control: 15 wounds 

USA 
Inpatient 

o Re-epithelialisation on day 7  
o Pain on day 4 (comparison between 

sides)  
o Local complications 

Kamolz 2004 Parallel, intra-
individual 
Prospective 
Single centre 

3 days 7 Patients (14 wounds) 
NPWT: 7 wounds 
Control: 7 wounds 

Austria 
Inpatient 

o Pain (method of measurement unclear)   
o Necessity of operations  

McCallon 2000 Parallel, pseu-
dorandomised 
Prospective 
Single centre 

1 to 13 weeks NPWT: 5 Patients 
Control: 5 Patients 

USA 
Inpatient 

o Time till wound closure  
o Change in wound area  
o Pain (method of measurement unclear)  
o Complications (local and systemic)   

Page 2004 Parallel 
Retrospective 
Single centre 

1 year NPWT: 22 Patients 
Control: 25 Patients 

USA 
Inpatient 

o Time to wound filling (deepest part of 
wound within 2 mm of the surrounding 
epithelium)  

o Time till complete wound closure  
o Necessity of operations  
o Complications (local and systemic)   
o Readmission to hospital  



Final Report N04-03: Negative Pressure Wound Therapy 

 50 

Table 8. Study characteristics (non-randomised trials) (continued)  

Study Design Observation period(a) Number of patients / wounds at 
start of study(b) 

Country / setting Relevant outcome criteria(c) 

Scherer 2002 Parallel 
Retrospective 
Single centre 

1 to 13 weeks NPWT: 34 Patients 
Control: 27 Patients 

USA 
Inpatient 

o Rate of take of the split-thickness skin 
transplant  

o Necessity of operations  
o Period in hospital  
o Local complications 

Schrank 2004 Parallel, intra-
individual 
Prospective 
Single centre 

No information 11 Patients (22 wounds) 
NPWT: 11 wounds 
Control: 11 wounds 

Germany 
Inpatient 

o Time till wound closure  
o Necessity of operations  
o Frequency of change of dressing  

Stone 2004 Parallel 
Retrospective 
Single centre 

5 to 41 days NPWT: 17 Patients (21 wounds) 
Control: 23 Patients (25 wounds) 

USA 
Inpatient 

o Necessity of operations  
o Duration of treatment  
o Period in hospital  

Wild 2004 Parallel 
Retrospective 
Single centre 

42 to 65 days NPWT: 8 Patients 
NPWT with abdominal dressing: 8 
Patients 
Control: 5 Patients 

Austria 
Inpatient 

o Period on intensive care unit  
o Survival  
o Necessity of operations  
o Frequency of dressing change  

a Observation period: Treatment period + follow-up period (if different periods are stated, the respective range is given).  
b Number of patients primarily enrolled in the study.  
c Patient-relevant outcome criteria in accordance with Section 3.1.3 and surrogates for "Shortening of wound healing time".  
d Information in the letter from the author (Doss) in response to a letter to the editor [85]. 
e NPWT: negative pressure wound therapy.  
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Table 9. Inclusion and exclusion criteria (non-randomised trials)  

Study Wound types / patient groups 
considered  

Main inclusion criteria Main exclusion criteria  

Doss 2002 Acute wounds in osteomyelitis 
after sternotomy  

Wounds requiring surgical re-exploration  No information 

Etöz 2004 Chronic wounds with diabetic 
foot ulcers  

No (additional) information No information 

Genecov 1998 Acute wounds after split-
thickness skin removal  

Necessity of split-thickness skin removal on at 
least 2 sites in the thigh  

No information 

Kamolz 2004 Acute wounds from burns  Burns on both hands, extending to the dermis 
(grade II) 

Interval till admission to hospital > 6 hours, 
Age < 20 years 

McCallon 2000 Chronic wounds with diabetic 
foot ulcers  

Wounds which have been present for at least 1 
month  

Persistent infection, Age > 75 years or < 18 years, venous 
insufficiency, coagulation disorders 

Page 2004 Foot wounds  Soft tissue defects of > 2 cm in depth after 
debridement or amputation 

Persistent infection, Age > 75 years or < 18 years, residual 
necrotic tissue, interruption or change to therapy   

Scherer 2002 Acute wounds with receipt of a 
split-thickness skin transplant  

Wounds after injury or burns which require 
split-thickness skin transplantation  

No information 

Schrank 2004 Acute wounds from burns  Burns on both hands, extending to the dermis 
(grade IIa-b) 

Interval till admission to hospital > 6 hours 
 

Stone 2004 Acute wounds with receipt of a 
split-thickness skin transplant 

Wounds after injury which require a split-
thickness skin transplantation  

High grade contamination of the wound  

Wild 2004 Acute wounds with open 
abdomen in peritonitis  

No (additional) information No information 
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Table 10. Wound treatment (non-randomised trials)  
Study Test group Control group 

Doss 2002 NPWT(a) dressing (V.A.C.® (b), KCI) after debridement and re-cerclage of the sternum 
Continuous application of -125mmHg pressure; but pressure partially produced with a 
simple Redon bottle.  
Dressing change every 2 to 3 days  

Conventional dressing after debridement and re-cerclage of the sternum  
In some cases, a suction and rinsing drain was attached.  
 

Etöz 2004 NPWT dressing (aspiration pump from the firm Bicakcilar, Istanbul, Turkey) after 
debridement 
Continuous application of -125mmHg pressure 
Dressing changed every 2 days with administration of intravenous analgesics  

Moist dressing after debridement  
Dressing changed twice daily, in some cases after administration of oral 
analgesics  

Genecov 1998 NPWT dressing (V.A.C.®, KCI) with continuous application of -125mmHg pressure 
Dressing changed every 4 days, therapy end after 7 days  

Water tight foil dressing permeable to air, with wound cushion  
Dressing changed after 4 days. Therapy end after 7 days.  

Kamolz 2004 NPWT glove dressing (V.A.C.®, KCI). Wound covered with paraffin gauze. 
Continuous application of -125mmHg pressure 
Dressing changed daily  

Silver sulfadiazine dressing  
Daily dressing change  

McCallon 2000 NPWT dressing (V.A.C.®, KCI) after debridement 
Application of -125 mmHg pressure, first continuously for 2 days and then intermittently  
Dressing changed every 2 days  

Moist dressing, soaked in saline solution after debridement  
Dressing change twice daily  

Page 2004 NPWT dressing (V.A.C.®, KCI) with continuous or intermittent application of a 
pressure of  -100 to -150 mmHg after debridement or amputation 

Moist dressing, soaked in saline solution after debridement or amputation  
Dressing changed as required ("frequently enough to maintain a moist wound 
environment")  

Scherer 2002 NPWT dressing (V.A.C.®, KCI) with continuous application of -125mmHg pressure 
No dressing change, as therapy end after 4 days  
No information on debridement 

Moist dressing, soaked in 5% Mafenide solution (an antimicrobial substance)  
No dressing change, as therapy end after 4 days  

Schrank 2004 NPWT glove dressing  (V.A.C.®, KCI) with application of -125mmHg pressure. No 
information whether continuous or intermittent  

No further information  

Stone 2004 NPWT dressing (V.A.C.®, KCI) with non-adherent wound cover 
No dressing change, as mean therapy end after  mean of 5 days  

Moist dressing, soaked in saline solution  
Dressing fixed with nylon sutures  
No dressing change, as therapy end after mean of 5 days  

Wild 2004 NPWT dressing (V.A.C.®. KCI) after covering the abdominal contents with either 
silicone net or with special foil  
No information on negative pressure and dressing change  

Conventional dressing laying towels  
Wound rinsed with saline or Ringer solution  

a NPWT: negative pressure wound therapy; b VAC®: Vacuum-assisted closure. 
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Table 11. Baseline data (non-randomised trials)  

Study Number of evaluated patients / wounds (a) Age in years(b) Gender 
(women / men in %) 

Initial wound area / volume(b) 

Doss 2002 42 (of 42) Patients NPWT (c): 66(d) (45-82)(e) 
Control: 66(d) (50-83)(e) 

NPWT: 55/45 
Control: 14/86 

No information 

Etöz 2004 24 (of 24) Patients NPWT: 66.2 (7) 
Control: 64.7 (5) 

NPWT: 17/83 
Control: 8/92 

NPWT: 109 (69) cm2 
Control: 94.8 (21) cm2 

Genecov 1998 10 (of 15) Patients 
20 (of 30) Wounds(f) 

(39–81) (e,f) No information No information 

Kamolz 2004 7 (of 7) Patients 
14 (of 14) Wounds(f) 

44.2 (22) (f) No information No information 

McCallon 2000 10 (of 10) Patients NPWT: 55.4 (12.8) 
Control: 50.2 (8.7) 

No information NPWT: 22 (24) cm2(g)  
Control: 20 (21) cm2(g) 

Page 2004 47 (of 47) Patients NPWT: 66 (12) 
Control: 60 (11) 

NPWT: 0/100 
Control: 0/100 

Only qualitative information on 
wound size  

Scherer 2002 61 (of 61) Patients NPWT: 33 (23) 
Control: 41 (20) 

No information NPWT: 387(h) (573) cm2 
Control: 984 (996) cm2 

Schrank 2004 11 (of 11) Patients 
22 (of 22) Wounds(f) 

No information No information No information 

Stone 2004 40 (of 40) Patients 
46 (of 46) Wounds 

NPWT: 35.4 (14) 
Control: 39.0 (17) 

No information No information 

Wild 2004 21 (of 21) Patients No information No information No information 
a If the number of patients and wounds is the same, only the number of patients is given. The figure in brackets is the number of patients or wounds primarily included.  
b Means given, with SD in brackets, if not otherwise stated.  
c NPWT: negative pressure wound therapy. 
d Median. 
e Range (no standard deviation or raw values given).  
f Intra-individual comparison.  
g Wound area assessed by us from the bar chart in Figure 4 of the publication of McCallon 2000. 
h In the publication Scherer 2002, the value 386 is given in the abstract and the value 387 in Table 1.  
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Table 12. Quality of the studies / publications (non-randomised trials)  

Study(a) Concurrent control 
group 

Any sort of blinding Allowance for 
confounding 

factors  

Consecutive 
patient inclusion 

Intention-to-
treat 

Study 
discontinuations

Biometrical 
quality 

Doss 2002 No No No Unclear No No Major 
deficiencies  

Etöz 2004 Yes No No No Yes No Major 
deficiencies  

Genecov 1998 Yes Yes No No No Yes Major 
deficiencies  

Kamolz 2004 Yes No No Yes Yes No Major 
deficiencies  

McCallon 2000 Yes No No No Yes No Major 
deficiencies  

Page 2004 Yes No Yes Unclear No Unclear Major 
deficiencies  

Scherer 2002 Yes No No Yes No No Major 
deficiencies  

Schrank 2004 Yes No No Unclear Unclear No Major 
deficiencies  

Stone 2004 Yes No No Yes Unclear Unclear Major 
deficiencies  

Wild 2004 Yes No No Unclear Unclear No Major 
deficiencies  

a Pseudorandomised trials are printed in bold. 
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5.3 Results on therapeutic goals  

The study results will now be discussed for the different therapeutic goals.  

Sensitivity and subgroup analyses had originally been planned, but could not be conducted as 

the data were very limited and – in most cases – inadequately presented. Only the authors of 

Armstrong 2005 provided separate presentations of the results for the primary outcome for 

acute and chronic wounds, within the framework of submission of statements. There were no 

significant differences in the proportion of patients who achieved full (100%) wound closure 

for acute vs. chronic wounds.  

5.3.1 Shortening of the time to wound healing  

Information on this therapeutic goal was given in 5 randomised (Armstrong 2005, Ford 2002, 

Joseph 2000, Mouës 2004, Wanner 2003) and in 4 non-randomised trials (Doss 2002, Etöz 

2004, McCallon 2000, Page 2004). However, the results were expressed (operationalised) in 

very different manners. In 3 studies (Joseph 2000, Mouës 2004, Page 2004), the wound 

healing period was investigated (under consideration of censoring) in a Kaplan-Meier 

analysis. In 4 studies (Wanner 2003, Doss 2002, Etöz 2003, McCallon 2000), no censoring 

was performed and means or medians were given. Two of the studies with Kaplan-Meier 

analyses also gave median times to healing (Mouës 2004, Page 2004). Finally, 2 studies used 

a dichotomous outcome as the proportion of wounds with complete wound closure 

(Armstrong 2005, Ford 2002); in Armstrong 2005, this was either with or without surgical 

intervention.   

Of the 7 studies in which the wound healing period was described quantitatively, 5 gave the 

time until the wound had closed to such an extent that surgical intervention (operative wound 

cover or secondary wound suture) was possible (Mouës 2004, Doss 2002, Etöz 2004, 

McCallon 2000, Page 2004); 2 studies defined that either 90% (Joseph 2000) or 50% (Wanner 

2003) wound closure was necessary for the indication to additional surgical intervention.  

Blinded recording of this outcome was only planned in Armstrong 2005. However, this 

quality parameter was of restricted value in this study, as complete wound closure could also 

be achieved by surgical intervention, but the indication for this was made by the responsible 

physicians, who were not blinded.  
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Table 13. Time to wound closure(a) (randomised trials)  
Study Outcome NPWT 

M (SD/sample 
size)(b) 

Control 
M (SD/sample 

size) 

Group difference 

Armstrong 2005 Complete wound closure with or 
without surgical intervention  

12+31 
(-/77) 

8+25 
(-/85) 

p = 0.04 

Ford 2002 Successful secondary wound healing 
within 6 weeks (number) 

Surgical closure with flap plastic 
surgery  

2 
(-/20) 

6 
(-/20) 

2 
(-/15) 

6 
(-/15) 

No information
 

No information 

Joseph 2000 Time till 90% change in wound 
volume (in days, estimated from the 

Kaplan-Meier analysis)  

approx. 45(c,d) 
(-/18) 

approx. 56(c,d) 
(-/18) 

p = 0.04 

Mouës 2004 Time till operative closure was 
possible (in days)  

Kaplan-Meier analysis  

6(c) 
(0.52(e)/29) 

7(c) 
(0.81(e)/25) 

p = 0.19 

Wanner 2003 Time till 50% reduction in wound 
volume (in days)  

27 
(10/11) 

28 
(7/11) 

Only statement 
"no time benefit" 

a Or number of patients with complete wound healing.  
b NPWT: negative pressure wound therapy; M: Mean;   SD: Standard deviation. 
c Median given. 
d The values were derived from Figure 1 in the publication of Joseph 2000. It was assumed that the labelling of the curves 

had been exchanged. The values 45 for control and 56 for NPWT can be derived from this figure. This, however, 
contradicts the trends described in the text (the text was given precedence, as the labelling of other figures was also wrong).  

e Standard errors (given as SEM in the publication). 

 

Table 14. Time to wound closure (non-randomised trials)  
Study Outcome NPWT 

M (SD/Sample 
size)(a) 

Control 
M (SD/Sample 

size) 

Group difference 

Doss 2002 Time till operative wound closure  
(in days) 

17.2 
(5.8/20) 

22.9 
(10.8/22) 

p = 0.009 
 

Etöz 2004 Time till operative wound closure  
(in days) 

11.25 
(5.5/12) 

15.75 
(2.5/12) 

p = 0.05 
 

McCallon 2000 Time till operative wound closure or 
till secondary wound healing (in 

days) 

22.8 
(17.4/5) 

42.8 
(32.5/5) 

No information 
 

Page 2004 Time till secondary wound healing  
(in days)  

Kaplan-Meier Analysis 

110(b) 
(79-184(c)/22) 

124(b) 
(105-284(c)/25) 

Only statement 
"not significant" 

a NPWT: negative pressure wound therapy; M: Mean; SD: Standard deviation. 
b Medians given. 
c 95% confidence intervals given.  
 

Overall 2 of the 5 randomised trials – Armstrong 2005 und Joseph 2000 – reported 

statistically significant differences in favour of NPWT, whereas the remaining studies did not 
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find any statistically significant differences. Two of the 4 non-randomised trials found 

statistically significant differences in favour of NPWT (Doss 2002, Etöz 2004). 

The measurement of this outcome in all studies was either unblinded or not fully blinded. It 

follows that bias cannot be excluded with adequate confidence, so that no unambiguous 

interpretation is possible. An additional problem in Armstrong 2005 was the lack of clarity in 

the definition of the primary outcome (see Section 5.2.3). Because of the restricted possibility 

of interpreting the data and the different techniques of operationalisation used, a quantitative 

summary of the results did not seem meaningful. In Armstrong 2005, there were no 

significant differences in the proportion of patients who achieved full (100%) wound closure 

for acute vs. chronic wounds. 

5.3.2 Change in wound area or volume  

As already discussed in Section 4.5, the parameter "Change in wound area or wound volume" 

was also recorded, as it was measured in many studies in a comparatively uniform manner – 

in some cases also blinded. A total of 8 studies gave results. In the Eginton 2003 study, 

several dimensions (length, breadth, depth, area and volume) were given. 

Although the wound areas were measured every second day in the studies of Etöz 2004 and 

McCallon 2000, the end in time of the wound area measurements was not laid down, but 

depended on the end of the wound therapy (with indication for operative wound closure or 

discharge from hospital). For this reason, the time intervals were different in the NPWT and 

control groups, so that the percentage change in the wound area was biased as a result. In 

McCallon 2000, the time interval was 22.8 days in the test group and 42.8 days in the control 

group. In Etöz 2004, NPWT took place over 11.25 days and conventional wound therapy over 

15.75 days. There was however no correction for this, as the bias tended to lead to a more 

conservative estimate.  
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Table 15. Quantitative change in wound volume (randomised trials)  
Study Outcome  NPWT 

M (SD/Sample 
size)(a) 

Control 
M (SD/Sample 

size) 

Group difference 

Eginton 2003 Relative change in volume after 2 
weeks. Recorded blinded  

-59.0% 
(9.7/7) 

-0.1% 
(14.7/7) 

p = 0.005 

Ford 2002 Relative change in volume after 6 
weeks. Recorded blinded 

-51.8% 
(38(b)/20) 

-42.1% 
(38(b)/15) 

p = 0.46 

Joseph 2000 Relative change in volume after 6 
weeks. Recorded blinded 

-78%(c) 
(72b/18) 

-30%(c) 
(61b/18) 

p = 0.038 

Wanner 2003 Relative change in volume after 2 
weeks.  

-25%(d) 
(26/11)(d) 

-14%(d) 
(30/11)(d) 

No information 
 

a NPWT: negative pressure wound therapy; M: Mean; SD: Standard deviation. 
b We calculated the SD ourselves from the given p-value.  
c Taken from the data in the text of the publication Joseph 2000. Derivation from Figure 5 in this publication gives the 

contradictory values of NPWT -47% vs. Control -39%. 
d Derived from Figure 3 in the publication Wanner 2003. Derivation from Figure 4 gives the values NPWT -27% vs. Control 

-10%. 
 

Table 16. Quantitative change in wound area (randomised trials)  
Study Parameter NPWT 

M (SD/Sample 
size)(a) 

Control 
M (SD/Sample 

size) 

Group difference 

Eginton 2003 Relative change in area after 2 weeks 
Recorded blinded  

-16.4% 
(6.2/7) 

+5.9% 
(17.4/7) 

Only information  
"not significant" 

 

Mouës 2004 Relative change in area per day  -3.8% 
(1.9(b)/15) 

-1.7% 
(2.2(b)/13) 

p < 0.05 
 

a NPWT: negative pressure wound therapy; M: Mean; SD: Standard deviation. 
b We calculated the SD ourselves from the value given for standard error.  
 

Table 17. Quantitative change in wound area (non-randomised trials)  
Study Parameter NPWT 

M (SD/Sample 
size)(a) 

Control 
M (SD/Sample 

size) 

Group difference 

Doss 2002 Change in area per day (in cm2) -4.6 
(No 

information/20) 

-3.2 
(No 

information/22) 

No information 

Etöz 2004 Change in area till operative wound 
closure 
(in cm2) 

-20.5(b) 
(11.9/12) 

-9.5 
(4.1/12) 

p = 0.032 
 

McCallon 2000 Relative change in area till operative 
wound closure or release from 

hospital  

-28.4% 
(24.3/5) 

+9.5% 
(16.9/5) 

No information 
 

a NPWT: negative pressure wound therapy; M: Mean; SD: Standard deviation. 
b Calculated from the raw data in Table 1 of the publication. The values are not given there correctly.  
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As the studies on wound volume and wound area reported data which had been analysed in a 

comparatively uniform manner, a meta-analysis was performed. The separation between 

randomised and non-randomised trials was maintained.  

The non-randomised trial of Doss 2002 was not included, as no measures of spread were 

given in the text and these could not be retrospectively calculated or estimated on the basis of 

other data. The study of Eginton 2003 was excluded from the meta-analysis for 2 reasons. 

Firstly, it would have been the only study in the meta-analysis with an intra-individual design 

(crossover design), which leads to special methodological problems [86,87]. Secondly, adding 

this study would have led to a high degree of heterogeneity. On the other hand, the studies of 

Joseph 2000 and Ford 2002 were included in the meta-analysis, as in these cases only some of 

the patients (those with multiple wounds) were included more than once in the analysis. The 

dependence of the data must nevertheless be regarded as a biometric weakness of the meta-

analysis.  

In the analysis of the randomised trials (see Figure 2), there was an advantage of unclear 

relevance for the NPWT, with a standardised mean difference (SMD) of -0.57 (95% CI: -0.94 

to -0.20, p = 0.002). The non-randomised trials showed a somewhat larger effect: SMD -1.30 

(95% CI: -2.07 to -0.54, p < 0.001), although it should be emphasised that the outcome was 

not recorded in any case in a blinded manner. The following comments can be made on the 

interpretation of the SMD. If, for example, the difference between the NPWT and control 

groups in relative change in wound volume is 40%, with a standard deviation of the same 

order of magnitude, then an SMD of 0.5 implies that the difference between the groups can be 

quantified as 20% (relative change in wound volume).  

The statistical evaluation of heterogeneity for both analyses gave an I2 value of 0%, 

corresponding to no statistically demonstrable heterogeneity between the individual studies. 

Evaluation of the data with a model with fixed effects consequently gave almost identical 

results.  

On the basis of the heterogeneity analysis, the pooling of studies with measurement of wound 

volume and those with measurement of wound area also appears to be justified. 
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Randomised trials 

Ford 2002 20 -51.8 38.0 15 -42.1 38.0 29.94 -0.25 [-0.92, 0.42]
Joseph 2000 18 -78.0 72.0 18 -30.0 61.0 29.65 -0.70 [-1.38, -0.03]
Mouës 2004 15 -3.8 1.9 13 -1.7 2.2 21.45 -1.00 [-1.79, -0.20]
Wanner 2003 11 -25.0 26.0 11 -14.0 30.0 18.97 -0.38 [-1.22, 0.47]
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Overall (95% CI)
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n Mean SD

64 

Standard
n Mean SD

57

Hedges g (random effects)
95% CI 
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%

100.00

Hedges g
95% CI

-0.57 [-0.94, -0.20]

Heterogeneity: Q=2.34, df=3 (p=0.506), I²=0%
Overall effect: Z Score=-3.03 (p=0.002), tau²=0.000

Test better Standard better

 

Non-randomised trials 

Etöz 2004 12 -20.5 11.9 12 -9.5 4.1 75.43 -1.19 [-2.07, -0.31]
McCallon 2000 5 -28.4 24.3 5 9.5 16.9 24.57 -1.64 [-3.18, -0.09]

-4.00 -2.00 0.00 2.00 4.00

Study 

Overall (95% CI)

Test
n Mean SD

17 

Standard
n Mean SD

17

Hedges g (random effects)
95% CI Weighting

%

100.00

Hedges g
95%-CI

-1.30 [-2.07, -0.54]

Heterogeneity: Q=0.24, df=1 (p=0.626), I²=0% 
Overall effect: Z Score=-3.33 (p=0.001), tau²=0.000

Test better Standard better

 
 
Figure 2. Meta-analysis of the quantitative (percentage) change in wound size 

The effects are presented as Hedges g - an adjusted calculation method for standardised mean differences - for each individual study (squares) and the 
results of the meta-analysis (diamonds). The error bars and the breadth of the diamonds depict the 95% confidence intervals. df = degrees of freedom. 
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The studies of Joseph 2000 and Ford 2002 involved an analysis based on individual wounds, 

generating dependent data which were not allowed for in the analysis. These studies could be 

removed from the meta-analysis without leading to an important change in the results for the 

randomised trials: SMD -0.70 (95% CI: -1.31 to -0.10). 

5.3.3 Change in wound surface with skin transplantation  

Split-thickness skin was used in the skin transplantations, giving a transplant with a net 

structure. As a result, conventional measurements of wound area or volume could not be 

made at the removal or donor sites. This is the reason that the portion of the skin transplant 

(or skin substitute) is usually quantified as the portion which takes ("graft take rate") or in 

which new epithelium grows. The same applies to the use of artificial bioskin as temporary 

skin replacement. Again, it should be mentioned that this outcome is only a surrogate for the 

rapidity and the eventual success of the wound healing (see 4.5); 3 of the 4 studies on skin 

transplantation reported on results for this outcome.  

 

Table 18. Change in the wound surface with skin transplantation (randomised trials)  

Study Parameter NPWT 
M (SD/Sample 

size)(a) 

Control  
M (SD/Sample 

size) 

Group 
difference 

Moisidis 2004 Relative fraction of area of the 
skin transplant which has 

successfully taken after 2 weeks  

86% 
(12.5(b)/20) 

86.75% 
(18.2(b)/20) 

No information

aNPWT: negative pressure wound therapy; M: Mean;  SD: Standard deviation.  
bWe calculated the SD ourselves from the information in the publication on the standard error.  
 

Table 19. Change in the wound surface with skin transplantation (non-randomised 
trials)  

Study Parameter NPWT 
M (SD/Sample 

size)(a) 

Control  
M (SD/Sample 

size) 

Group 
difference 

Genecov 1998 [77] Quality of the re-epithelialisation 
(scale 0 to 4) after 1 week. Sides 

compared   

7(b) 
(-/10) 

1(b) 
(-/10) 

No information

Scherer 2002 [82] Relative proportion of the area of 
successfully taken skin transplant  

96% 
(6/34) 

89% 
(20/27) 

p = 0.06 

a NPWT: negative pressure wound therapy; M: Mean; SD: Standard deviation.  
b The number of patients is given for which there was an advantage on the basis of comparing sides.  
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Only the study of Moisidis 2004 was randomised. Percentages of graft take are only given for 

2 evaluable studies. The published result of Genecov 1998 is difficult to interpret, as it 

remains unclear by how much the regrowth of epithelium (re-epithelialisation) was better in 

each treatment group. Moisidis 2004 reported that there was no difference in the quantitative 

extent of regrowth of epithelium. However, he considered that there was an advantage for 

NPWT in the quality of the graft take, as subjectively categorised by the surgeon. The direct 

intra-individual comparison in 20 wounds showed that the transplant take was qualitatively 

better in 10 wound halves (50%) with NPWT. With the control therapy, only 2 or 3 wound 

halves were better (the numbers given in the text and in Figure 3 of the publication do not 

agree).  

5.3.4 Avoidance of wound recurrence and revision operations  

A distinction was made between planned and unplanned revision operations, as it is usual 

with large wounds to continue with conservative wound therapy only until operative wound 

closure is possible. The type of wound closure is a possible surrogate parameter here, as some 

procedures (rotation flaps, free flap transposition) are more complicated and invasive than a 

simple suture or a split-thickness skin cover. However, the studies listed in the tables do not 

show any clear advantage for NPWT in avoiding complicated operations.  

Information on revision operations was exclusively provided by non-randomised trials. No 

information on wound recurrence was provided in the studies.  

Page 2004 not only reported the univariate odds ratio given in the table, but also stated that 

this result was hardly changed by multivariate adjustment for age, serum albumin 

concentration or wound size. However, the result was no longer statistically significant after 

adjustment for initial wound size.  

Even though all 3 studies indicate that NPWT apparently reduces the necessity of revision 

operations, no reliable interpretation is possible because of the non-randomised study design 

and the lack of blinding.  
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Table 20. Avoidance or simplification of surgical wound closure (randomised trials)  

Study Wound closure NPWT(a) Control Group difference 
Ford 2002 [70] Flap plastic surgery 

Secondary healing 
Additional 
conservative therapy  

6 (of 20) 
2 (of 20) 

12 (of 20) 

6 (of 15) 
2 (of 15) 
7 (of 15) 

 
No information 

aNPWT: Negative pressure wound therapy. 

 

Table 21. Avoidance or simplification of surgical wound closure (non-randomised trials)  

Study Wound closure NPWT(a) Control Group difference 
Etöz 2004 [25]  Flap plastic surgery 

Split-thickness skin cover 
Secondary healing 

1 (of 12) 
10 (of 12) 
1 (of 12) 

3 (of 12) 
9 (of 12) 
0 (of 12) 

 
No information 

Kamolz 2004 [79] Split-thickness skin cover 
Keratinocyte administration 
Secondary healing 

2 (of 7) 
2 (of 7) 
3 (of 7) 

4 (of 7) 
0 (of 7) 
3 (of 7) 

 
No information 

McCallon 2000 [80] Flap plastic surgery 
Split-thickness skin cover 
Simple suture 
Secondary healing 

0 (of 5) 
3 (of 5) 
1 (of 5) 
1 (of 5) 

1 (of 5) 
1 (of 5) 
0 (of 5) 
3 (of 5) 

 
No information 

a NPWT: Negative pressure wound therapy. 

 

Table 22. Avoidance of revision operations (non-randomised trials)  

Study Parameter NPWT(a) Control Group difference 
Etöz 2004 [25] Revision after 

operative wound 
closure  

0/12 1/12 No information 

Page 2004 [81] Necessity of additional 
surgical revision  

No information No information Odds ratio 0.24 
(0.068-0.84; 95%-
CI), p = 0.026(b) 

Scherer 2002 [82] Necessity of repeated 
skin transplantation  

In 1 patient 
(of 34) 

In 5 patients  
(of 27) 

p = 0.04 
 

a NPWT: Negative pressure wound therapy. 
b Raw data not given. 
 

5.3.5 Avoidance of amputations  

Avoidance of amputations was only evaluated as a secondary outcome in a single study 

(Armstrong 2005). Re-amputations during the observation period of 16 weeks were recorded 

for patients with diabetes mellitus who had undergone partial foot amputation. Re-amputation 
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was necessary in 3% of patients in the NPWT group, in comparison with 11% in the control 

group. The difference was not statistically significant (p = 0.06). Five of the re-amputations in 

the control group (6%) were above the foot; none of the re-amputations in the NPWT group 

were above the foot (p = 0.06). It is to be assumed that patients who discontinued the study 

were included in this analysis as therapy successes (no re-amputation) (Section 5.2.3). This 

procedure may have led to an anti-conservative bias in the estimation, making the results 

more difficult to interpret. It is noticeable that the re-amputation rate in the control group was 

much lower than that assumed during the study planning (11% rather than 26%). 

 

Table 23. Avoidance of amputations (randomised trials)  

Study Parameter NPWT(a) Control Group difference 
Armstrong 2005 Re-amputations 

(all) 
Re-amputations above 

the foot 

3% 
(2 of 77) 

0% 
(0 of 77) 

11% 
(9 of 85) 

6% 
(5 of 85) 

p = 0.060 
 

p = 0.060 

aNPWT: Negative pressure wound therapy. 
 

The necessity of amputations or their avoidance is otherwise only cursorily mentioned in 2 

studies. In the methods section of Page 2004, it is mentioned that foot amputations took place 

in the patients examined, namely 3 in the NPWT group and 2 in the control group. Ford 2002 

also reported that there was 1 amputation in the NPWT group, presumably due to the 

complication of wound sepsis. No information was provided in the other publications in this 

regard. 

5.3.6 Reduction in mortality  

None of the studies was designed to detect a statistically significant difference between the 2 

treatment groups with respect to this outcome. Deaths were explicitly mentioned in only 3 

non-randomised trials (Doss 2002, Page 2004, Wild 2004). To some extent, this may be due 

to the short follow-up periods, the small sample sizes and the lack of severity of the 

underlying diseases. Information on the mortality in Armstrong 2005 was only found in the 

statements submitted and in the further correspondence with the authors and sponsors 

(Section 5.2.3). 
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Table 24. Reduction in mortality (randomised trials)  

Study Parameter NPWT(a)  
(total sample size) 

Control  
(total sample size) 

Group difference 

Armstrong 2005 Mortality within 16 
weeks 

1 
(77) 

2 
(85) 

No information 

aNPWT: Negative pressure wound therapy. 

Table 25. Reduction in mortality (non-randomised trials)  

Study Parameter NPWT(a)  
(total sample size) 

Control  
(total sample size) 

Group difference 

Doss 2002 Hospital mortality 1 
(20) 

1 
(22) 

No information 

Page 2004 Mortality from any 
cause within 1 year 

1 
(22) 

1 
(25) 

No information 

Wild 2004 Hospital mortality  1 
(16) 

3 
(5) 

p < 0.05 
 

aNPWT: Negative pressure wound therapy. 

 

In the Wild 2004 publication, a possible reduction in the mortality rate was pointed out in 

patients who had been treated for open abdomen and peritonitis; however, only 5 patients 

were included in the control group. The relative risk was 0.10 (95% CI: 0.01 to 0.79). 

However, the description of the methods used is totally inadequate, particularly with respect 

to the allocation of the patients to the treatment groups and the consideration of possible 

confounding factors. As a result, unambiguous interpretation of these results is not possible, 

even though the difference between groups is so large. In the other 3 studies there was no 

clear difference in mortality. Page 2004 emphasises that there was no evident connection 

between the wound treatment and the 2 cases of death in the study. In Armstrong 2005, the 

cause of the single death in the NPWT group is given as myocardial infarction (therapy 

discontinued 29 days before the time of death). A patient in the control group also died of 

myocardial infarction (under therapy). A second patient in the control group died of seizures 

under high-dose anticoagulants (discontinuation of therapy 13 days before the time of death).   

 

5.3.7 Improvement or maintenance of quality of life  

No information was provided in the included studies on the improvement or maintenance of 

disease-related quality of life and on the avoidance of restrictions in the activities of daily 

living. Only Etöz 2004 makes the rudimentary comment for both groups that "No negative 



Final Report N04-03: Negative Pressure Wound Therapy 

 66 

impact was seen on extremity function and psychology of patients." It is known from the 

authors' statement that the study of Armstrong 2005 also collected data on quality of life. This 

information has been reserved for an additional publication.  

5.3.8 Avoidance of pain  

The randomised trials provide no results on this outcome. In none of the included studies was 

pain quantified with validated scales or questionnaires.  

Table 26. Reduction in pain (non-randomised trials)  

Study NPWT(a) Control 
Etöz 2004 Pain described when the polyurethane sponge 

was changed  
No pain reported 

Genecov 1998 No difference in pain intensity reported  
Kamolz 2004 No pain reported No pain reported  
aNPWT: Negative pressure wound therapy. 

Etöz 2004 reports on evidence for pain when the dressing was being changed in the NPWT 

group, even though all the patients in this study group were given intravenous analgesics. In 

the intra-individual comparative study of Genecov 1998, the patients were asked on the fourth 

day after removal of the split-thickness skin whether either of the 2 sites of removal was more 

painful, which was negated by all patients. Kamolz 2004 reported that no pain was reported, 

but mentioned that pain therapy was necessary.  

In McCallon 2000, it is stated that pain was reported by some NPWT patients without it being 

possible to extract reliable information about this. There was no information on pain or 

administration of analgesics in the other studies.  

5.3.9 Avoidance of admissions to hospital  

None of the randomised trials was designed to detect a statistically significant difference 

between the 2 treatment groups with respect to this outcome. This criterion was defined in the 

studies either as total time in hospital or as time in hospital after the operation. In addition, 1 

study measured the time in intensive care and 1 study measured the period of readmission to 

hospital, if this occurred. In Page 2004, the initial time in hospital is given as a mean 

(standard deviation) for both groups: 20.1 (11.7; N = 20) versus 15.5 (8.8; N = 25). However, 

these data refer to the preoperative time in hospital, whereas the postoperative time is not 

given. All of the studies with this outcome listed in Table 27 below are non-randomised.  
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Table 27. Time in hospital in days (non-randomised trials)  

Study Parameter 
(in days) 

NPWT 
M (SD/Sample 

size)(a) 

Control  
M (SD/Sample 

size) 

Group difference 

Doss 2002 Total time in 
hospital 

27.2 
(6.5/20) 

33.0 
(11.0/22) 

p = 0.03 
 

Page 2004 Time of 
readmission 

(0 - 27)(b) (0 - 52)(b) p = 0.078 

Scherer 2002 Total time in 
hospital 

27 
(16/34) 

32 
(25/27) 

p = 0.37 

 Time in hospital 
after operation  

14 
(10/34) 

19 
(15/27) 

p = 0.10 

Stone 2004 Total time in 
hospital 

20.9 
(10/17) 

15.3 
(7.5/23) 

p = 0.06 

Wild 2004 Time in intensive 
care ward 

47.5 
(No information/16) 

65 
(No information/5)

No information 

a NPWT: Negative pressure wound therapy; M: Mean; SD: Standard deviation. 
b Only ranges given.  

Wild 2004 found that the time in intensive care was shorter for patients who received a type 

of NPWT for open abdomen. The statistical significance of this is unclear.  

Although Doss 2002 and Scherer 2002 both found that the time in hospital was 5 to 8 days 

shorter for the NPWT group, Stone 2004 found that the period in hospital was shorter for the 

control group. Only the results in Doss 2002 were statistically significant.  

Page 2004 performed a multivariate analysis of re-admissions to hospital. This found a 

significant advantage for NPWT. The odds ratio was 0.20 (95% CI: 0.05 to 0.77), with a p-

value of 0.019. Apart from the lack of uniformity in the trend, the interpretation here too is 

made more difficult by the exclusively non-randomised and non-blinded designs of the 

underlying studies. No meta-analysis was performed, as there were no data from a 

randomised trial on this outcome. However, it is known from the statement of the authors of 

the Armstrong 2005 study that health economic data were also collected in this study - 

possibly also related to admissions to hospital or time in hospital. These data are to be 

reserved for a later publication.  

5.3.10 Reduction in the necessity for dressing change  

For the NPWT, it is recommended to change the sponge and foil every 48 hours [44,69]. 

Conventional dressings without a suction device must usually be changed more frequently for 
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practical reasons. If the wound is losing a lot of fluid, the dressings may even have to be 

changed many times a day. For these reasons, the frequency of dressing change was not 

assessed as an outcome in most studies, but was rather a predefined procedure described in 

the methods section. In the studies on split-thickness skin transplants, the dressings in all 

treatment groups were for the most part initially changed after the same period of time.  

Intervals for the change of the NPWT dressing are otherwise reported as lying between 48 

hours and 7 days. Dressings in the control group were reported as being changed up to 3 times 

daily, or imprecisely as being changed "daily" or "often enough to maintain a moist 

environment". In the health economic publication on the study Mouës 2004 and in Wild 2004, 

it is explicitly reported in the results section that the frequency of dressing change was 

markedly lower in the NPWT group. However, Mouës 2004 also reported that a single 

dressing change took more time in the NPWT group.  

5.3.11 Reduction in the necessity of debridement  

The frequency that renewed debridement was required (after initial debridement in all 

patients) was only explicitly reported in a single (randomised trial) (Armstrong 2005). This 

was reported for 21% (16 of 77) of patients in the NPWT group, in comparison with 26% (22 

of 85) of patients in the control group. This difference was not statistically significant (p = 

0.464). 

In response to a letter to the editor [85] on his study (Doss 2002), Doss [88] reported that 

renewed debridement was necessary in 1 of the 22 patients in the control group and none of 

the patients in the NPWT group.  

There was otherwise no information in the publications on this therapeutic goal. It was rather 

the case that the surgical standard was assumed that wound debridement would be performed 

at the start of treatment and if necrotic tissue subsequently developed in the wound, without 

data on this being collected.  

5.3.12 Reduction in adverse effects and complications  

Four randomised trials presented data on this, although it was unclear in 2 studies whether 

complications were systematically recorded at all. The complication rate in the study of 

Joseph 2000 (17% vs. 44%) refers to the number of wounds rather than the number of 

patients. The cause of the sepsis reported by Ford 2002 is not clearly described. However, as  
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an amputation was performed as a consequence of the sepsis, it appears that this may have 

been a wound complication.  

Five non-randomised trials contain additional information on complications of various 

degrees of severity. Etöz 2004 also reported slight bleeding when the NPWT dressing was 

being changed, although this was not quantified and is therefore not listed in the table. It is 

only stated that the bleeding was not regarded as being severe enough to be clinically 

relevant.  

Table 28. Reduction in complications (randomised trials)  

Study Parameter NPWT(a)  
(total sample size) 

Control  
(total sample size) 

Group difference 

Armstrong 2005 AE(b) total 
 

Wound 
infections 

40 (of 77) 
 

13 (of 77)(c) 
3 mild 

6 moderate 
4 severe 

46 (of 85) 
 

5 (of 85)(c) 
2 mild 

1 moderate 
2 severe 

p = 0.875 
 

No information(d) 
 

Eginton 2003 No 
information 

1 (of 7): Skin 
maceration 

No information No information 

Ford 2002 No 
information 

1 (of 20): 
Sepsis and amputation 

0 (of 15) No information 

Joseph 2000 Total 
complication 

rate  

3 (of 18)(e) 8 (of 18)(e) p = 0.0028 

a NPWT: Negative pressure wound therapy.  
b AE: Adverse events. 
c Causality: None classified as connected with therapy in the NPWT group. Two in the control group classified 

as connected with the therapy. One of the latter was serious (unblinded evaluation).  
d All wound infections: p = 0.043, exact Fisher Test, our own calculation.  
e However, data in publication inconsistent.  
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Table 29. Reduction in complications (non-randomised trials)  

Study Parameter NPWT(a)  
(total sample size) 

Control  
(total sample size) 

Group difference 

Etöz 2004 Wound 
infections 

0 (of 12) 0 (of 12) No information 

Genecov 1998 Wound 
infections  

0 (of 10) 0 (of 10) No information 

Page 2004 Total 
complication 

rate 

No information  No information Odds ratio 0.17 
(0.046-0.61; 95% 
CI), p = 0.0067(b) 

Scherer 2002 Total 
complication 

rate 

3 (of 34):  
Transplant  

rejection  (1) 

5 (of 27):  
Transplant  

rejection (5) 

No information 

Stone 2004 Transplant 
rejection  

0 (of 21) 1 (of 25) p = 0.54 

a NPWT: Negative pressure wound therapy.  
b Raw data on rates not given.  
 

In summary, the results are not uniform. Armstrong 2005 found a substantially higher rate of 

wound infections in the NPWT group (with similar overall rates of adverse events). However, 

none of the 13 wound infections found in the NPWT group was classified by the responsible 

physicians as being connected with the test therapy, although this was the case for 2 (of 5) 

wound infections in the control group. A classification of this sort must be regarded with a 

great deal of reservation, particularly if the evaluation was conducted in a non-blinded 

manner. In contrast, another randomised and another non-randomised trial found much higher 

complication rates in the control group (Joseph 2000, Page 2004). No meta-analysis was 

performed, because of the disparities in the complications and time windows in the studies.  

5.3.13 Improvement in the cosmetic result  

None of the included studies recorded the degree of scar formation or the subjective cosmetic 

results.  
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6 Summary 

This report includes the results of studies in which NPWT of acute and chronic wounds of 

various origins was compared with conventional wound care. The systematic search in 

bibliographic databases identified 20 relevant published studies including 9 randomised ones; 

17 studies (7 randomised), were finally included in the evaluation.  

(Partial) outpatient use of NPWT, mostly in specialised centres, was only described in 3 

studies. The follow-up period in most studies did not exceed the actual duration of treatment, 

with a maximum of 1 year. The number of patients in the studies was low (the randomised 

trials included a total of 371 patients).  

The quality of the studies and publications investigated was inadequate. One of the 

randomised trials (Armstrong 2005) was superior to the others because of the greater number 

of patients included (N = 162) and the better methodological quality.  

There was evidence in favour of NPWT for the following patient-relevant therapeutic goals:  

 Shortening in the wound healing time: However, these results are difficult to interpret, as 

there was either no blinding of outcome evaluation, or this was not fully implemented. 

However, this is supported by results on a surrogate parameter, the reduction in wound 

volume and or area.  

 Reduction in (re-)amputation rates in patients with diabetes mellitus and status after partial 

foot amputation: Data on this outcome were mainly obtained from a comparatively large 

(N = 162) randomised trial that was of better methodological quality than the other studies, 

but this outcome was not statistically significant  (p = 0.06). No unambiguous 

interpretation of the results is possible, as the analysis of the study discontinuations is 

unclear.   

 Reduction in the mortality of patients with open abdomen in peritonitis: Data on this 

outcome are essentially based on a non-randomised trial with a very small number of 

patients in the control group (N = 5) and a completely inadequate description of the 

methods; an unambiguous interpretation is accordingly not possible.  
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 Shortening of the time spent in hospital: This outcome was only described in non-

randomised trials which were moreover unblinded. Therefore no unambiguous 

interpretation is possible.  

The results on the occurrence or avoidance of adverse events or complications are 

inconsistent. In 1 randomised trial, wound infections were substantially more frequent in the 

NPWT group (with similar overall rates of adverse events); however, these were classified by 

the responsible physicians as not being related to NPWT. In any case, a classification of this 

sort must be regarded with a great deal of reservation, particularly if the evaluation was 

conducted in a non-blinded manner. In contrast, 1 other randomised and 1 non-randomised 

trial found much higher complication rates in the control group. 

Essentially no significant differences between the treatment groups could be established for 

any other patient-relevant therapeutic goal – or these outcomes were not even considered in 

the studies. The number of dressing changes was lower for NPWT in all studies in which this 

information was reported. However, this was either due to the methods used or to the 

procedures defined in the study protocol. It was reported in 1 (randomised) trial that more 

time was required to change the dressing in the NPWT group than in the control group.  

The search for unpublished randomised trials showed that we can expect a large number of 

publications on further randomised trials in the next few years. We can expect these to include 

more patients and to be of better methodological quality.  

 



Final Report N04-03: Negative Pressure Wound Therapy 

 73 

7 Discussion 

The main result of this systematic literature search, evaluation, and synthesis is that the 

available evidence for the alleged benefit of NPWT for the treatment of acute and chronic 

wounds is, at best, sparse. This is in contrast to the wide use of this method [27,89]. As only 3 

of the 17 included studies described (partial) outpatient use of NPWT, valid statements on its 

use in this setting are particularly doubtful. Apart from the low quantity of the available 

evidence, the quality is poor. Almost no study contains long-term results relevant to the 

patient.  

The wounds included in these studies were heterogeneous and included some of the most 

important areas of use of NPWT. Both acute and chronic wounds were investigated. Although 

there are hardly any relevant reliable data, there is no evidence that the effects of NPWT are 

principally different in different types of wounds. It is hardly possible to make any statement 

on the optimal strength of suction, mode of suction (intermittent or continuous) or the 

materials used (sponge, cover, etc.) [90]. There are only some indications that a very low 

negative pressure (–600 to –900 mmHg with Redon drainage) may be locally painful. The 

technique of producing the negative pressure for NPWT with a simple Redon drain used to be 

employed in Germany [91]; this approach has now been largely abandoned. Modern negative 

pressure pumps with warning systems promise more comfort and greater safety for the patient 

(specifically to avoid loss of pressure and overfilling of the fluid canister). Because of lack of 

evidence from controlled clinical trials, no statement can be made on the newer types of 

NPWT, such as intermittent instillation of fluid, antibiotics, antiseptics, fibrinolytics or local 

anaesthetics into the wound sponge.  

The only study which appears, at first glance, to be of higher quality (Armstrong 2005), 

contains striking ambiguities and discrepancies in the presentation of the results, both in the 

original publication and in the subsequent correspondence to the authors and manufacturer. 

The results of this study must therefore be regarded with considerable reservation, particularly 

as we were not sent the appropriate study documentation for definitive clarification, in spite 

of many requests.  

In this context, the favourable effects of NPWT described in the available studies with regard 

to an additional patient-relevant benefit must be regarded as very uncertain. This uncertainty 
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will possibly be reduced in the coming years, when the results of a series of new RCTs are 

expected.  

In the discussion of the requirements for studies used in evaluation of the benefits and harms 

of non-pharmacological interventions in particular, it is frequently asserted that RCTs are 

either impracticable or inappropriate [92]. This also applies to NPWT [93]. Assertions of this 

sort are disproved by the large number of RCTs on NPWT found during the preparation of 

this report.  

The results from non-randomised controlled trials were not basically different from those 

from RCTs. Only the study of Wild 2004 described a great effect on reduction in mortality 

when NPWT is used in patients with open abdomen in peritonitis. However, this result is of 

unclear validity and cannot be interpreted, as no information of any sort was presented in the 

publication on the comparability of the treatment groups and the methodological procedure to 

control confounding factors.  

The 36 scientific publications provided in the written statements do not change this result. 

These are:  

Two abstracts; 3 publications dealing with another theme; 4 case reports; 11 case series 

(including 1 with another indication as comparator group) or other non-comparative studies; 1 

expression of opinion; 3 articles on health economics; 1 publication on basic research; 2 

guidelines; 1 letter to the editor; 1 non-systematic review; 2 randomised trials which had 

already been identified; a systematic review which had also been already identified; a 

database study; 3 studies with historical controls (therefore non-concurrent) (Appendix A3).  

The latter 4 studies and the results of a case series were assigned special importance in the 

statement procedure (and to some extent also in the scientific hearing), because, although they 

failed to fulfil the predefined inclusion and exclusion criteria for the present evaluation, their 

results were regarded by those providing statements as so convincing that they thought that 

they had to be considered. 

─ The "database study" [94] is the evaluation of outpatients treated in the USA. These 

patients were insured with Medicare or Medicaid. The data were collected during a 

"quality assurance offensive" and were based on a retrospective data collection with a 

standardised instrument ("Outcome and Assessment Information Set", OASIS). The 

resulting database contained almost 2 million cases for the period 2003-2004. A portion 
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of this database was kept by an external service provider (Outcome Concept Systems, 

OCS), which also performed this study.  

The study initially included about 31 000 patients with stage III or IV decubitus ulcers; 

2288 of these patients were treated with conventional wound therapy, in comparison with 

60 patients given NPWT. The patients with conventional wound therapy were only 

selected from those institutions which did not offer NPWT. No justification was offered 

for this procedure, which greatly restricts the comparability of the groups – particularly as 

no information was provided on the structural and other characteristics of these 

institutions. Although the opposite was asserted in the text of the publication ("Patient 

characteristics in the NPWT group were similar to those in the comparison group"), the 

patients in the NPWT group were in the mean more than 6 years younger than the patients 

in the control group (65 years versus 71.4 years, with a standard deviation of about 18 

years). There is no evidence in the publication that there was adjustment for this 

difference or for other potential confounding factors. For these reasons, the results 

provided on admissions to hospital and emergency procedures due to the wounds cannot 

be interpreted.  

The 3 studies with historical controls investigated patients with post-sternotomy 

mediastinitis or deep sternal wound infections [95-97]. In particular, the study of Sjögren 

2005 [95] must be emphasised, as this reported a striking difference in 90-day mortality. 

Between 1999 and 2003, 61 patients were treated with NPWT and then compared with 40 

patients who received conventional wound therapy in the period 1994 to 1998. After 90 

days, 6 patients (15%) in the control group had died, but none in the NPWT group. It is 

unclear why this time point was selected for mortality data. The reason why this is of 

particular importance is that – as can be seen in Figure 1 of the publication, together with 

the information in the text – 5 patients in the NPWT group successively died in the period 

between 90 days and 1 year (at least 8% – "at least" because the data in this period were 

censored, see below); these patients died shortly after the 90-day period. In contrast, only 

1 patient died between 90 days and 1 year in the control group. This would then greatly 

qualify the difference in the 90-day mortality given above. Moreover, as far as can be 

seen, all patients in the control group were observed for at least 3 years in follow-up, but 

at least 7 patients in the NPWT group were censored in the first year, followed by 5 in the 

second year and 17 in the third year. Thus the data on long-term survival (up to 5 years) 
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reported in the study cannot be interpreted. In summary, this study provides no evidence 

that NPWT reduces mortality in patients with poststernotomy mediastinitis, in 

comparison with conventional wound therapy.  

The results on mortality of the other 2 studies for this indication are contradictory. While 

Fuchs 2005 reported 1 case of death (application-linked) in the total of 35 patients in the 

NPWT group and 4 deaths (in 33 patients) in the control group [96], Song 2003 reported 

3 deaths (in 17 patients) in the NPWT group and 1 death (in 18 patients) in the control 

group [97]. It should however be noted that these data relate to the mortality before 

wound closure and therefore presumably cover a much shorter period of observation.  

Sjögren 2005 refers to an additional study with historical controls, in which 1 of 9 

patients in the NPWT group died within 6 months and none of 10 patients in the control 

group [98]. 

The above list cannot claim to be complete, as it does not come from any systematic 

search. It is solely intended to demonstrate that this apparently major – but doubtful – 

effect as described by Sjögren 2005 is qualified when additional studies are also 

considered.   

The present evaluation included the study of Doss 2002 with patients with poststernotomy 

osteomyelitis, in which the 2 groups at least partially overlapped in time [76]. Here too, 

no differences in patient mortality during their time in hospital were reported.  

─ Miller 2002 [99] reported a study with (initially) 148 patients whose fasciae were not 

primarily closed after a laparotomy for a variety of reasons and who were therefore given 

a temporary abdominal wall closure (the so-called "open abdomen"). It is not quite clear 

what the study design was. It is most likely that it was a (retrospective) case series, as all 

reported patients were treated with different types of NPWT; this was sometimes with an 

early type (alone or in combination), in which a surgical towel was used as drainage (the 

so-called "vacuum pack"), rather than a polyurethane or polyvinylalcohol sponge. 

However, no clear classification of how many patients were treated with which method is 

possible on the basis of the publication. 65 patients (44%) died before secondary closure 

of the fasciae could be performed.  

For 24 of the remaining 83 patients, a procedure had to be chosen in which there was 

initially no stable or successful closure of the fasciae (due to a delay in time), resulting in 
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a hernia of the abdominal wall (the so-called "planned hernia"). In such cases, an 

additional operation for surgical reconstruction can be performed later, usually after 

several months. In 37 patients, the fasciae were closed early - within 9 days of the initial 

laparotomy (the "early" group). In the remaining 22 patients, the fasciae could be closed 

later ("late" group), after a mean of 21 days. A polyurethane sponge was used in all 

patients in the late group, i.e. NPWT was delivered with the V.A.C.® system. According 

to the authors, a late closure of this sort with the precursor type or with other treatment 

options in patients with an open abdomen was either impossible or highly unusual for this 

procedure. 

The result for the 22 patients with late closure was projected to a "success rate" of 65%  

(22 of 34), as 12 patients using V.A.C.® had to be assigned to the group with planned 

hernia. However, this calculation did not include patients who had already died (see 

above), presumably corresponding to 12 more patients using V.A.C.®. No statement was 

made on the success rate with the other NPWT type.  

In a subsequent publication from the same working group in 2004 [100] with a further 

series of 53 patients with open abdomen, a success rate of 88%  was reported. This 

included the patients with early closure, but once again excluded the patients who had 

previously died (15%, 8 of 53). All patients had been treated with V.A.C.®. The data in 

this publication exhibit some discrepancies or ambiguities; e.g., a success rate of 78% was 

given for 45 of 53 initial survivors.  

This subsequent publication was subjected to discussion in the publishing journal, which was 

printed immediately after it. One participant in the discussion pointed out that the indications 

were not made in a comparable manner. Whereas in the present study about 25% of patients 

with laparotomy after abdominal injury were treated with an "open abdomen" procedure, the 

comparable figure in his own series had only been 10% (using another method for temporary 

abdominal wall closure). The series and literature data on the success rates with regard to 

secondary closure of the fasciae were not comparable anyway. The only way to identify the 

best procedure would be to perform a randomised trial. In response to this comment, Miller 

confirmed the possibility that the indication had changed in recent years.  

Studies without a control group or with only a historical control group pose the serious 

problem that it is not possible to adjust for the confounding factor of "time". The results of 
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studies of this sort can only be interpreted if really large or "dramatic" effects are found, as 

not only patient characteristics may change with time, but also other aspects, such as 

concomitant treatments, indications, or diagnostic procedures - sometimes rapidly. An 

additional factor is that the retrospective nature of these studies means that the quality of the 

data (at least in the control group) cannot be influenced in important respects.  

It is legitimate to speak of a dramatic effect if a (quasi) deterministic clinical course can be 

influenced by an intervention [101]. In the evidence classification of the Centre of Evidence 

Based Medicine this is described as an "all or nothing situation" [102]. This is certainly not 

the case in these studies on the use of NPWT in patients with poststernotomy mediastinitis or 

deep sternal wound infection or open abdomen. Thus a benefit of NPWT in this regard can 

only be proven with adequately controlled, preferably randomised trials.  

This necessity is clearly stated in the discussion on the study of Miller 2002 (and 2004) in 

patients with open abdomen (see above) and also implied by the authors of a study on deep 

sternal wound infections [96]: "From the scientific point of view our results should be 

confirmed by randomized, prospective studies." This is however qualified, using the argument 

that the incidence of sternal infections in excellent cardiac surgery clinics is low: "Data 

indicate that for heart centers with good surgical practice it is unrealistic to prospectively and 

monocentrically [our emphasis] evaluate the benefit of the NPWT technique compared to the 

conventional technique." This is an unconvincing argument, as multicentre surgical studies 

can be performed [103]. KCI planned a multicentre study for patients with open (presumably 

sternal) wounds, although this was terminated for unknown reasons (study Bayer 2004 in 

Appendix C). In an abstract on this study, an involved centre stated: "We still believe 

completing the prospective randomized trial will provide important data for health care 

providers and policy makers." [45]. 

Statements on the possible unfavourable effects of the use of NPWT are subject to the same 

reservations as statements on the possible favourable effects. Results from uncontrolled 

studies can hardly be interpreted – if at all – and generally only serve as indications for 

specific investigations in controlled studies, which should preferably be randomised. 

Complications and other adverse events were only systematically recorded in a few studies. 

There was no unambiguous increase or decrease in such events from the use of NPWT. 

However, the high incidence of wound infections in the NPWT group in the study of 
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Armstrong 2005 was striking; this contradicts the conventional theory that NPWT tends to 

control infection. To establish that this was not a random effect, further studies should 

investigate this issue.  

During the scientific hearing, those present were requested to name indications in which the 

use of NPWT could lead to a "dramatic" effect, in their own opinion and proven by the 

literature. The following indications were named: post-sternotomy mediastinitis; open 

abdomen; exposed vascular prosthesis; prosthesis infection; open wound over malignant 

tissue; irradiated wounds; open fractures; exposed bradytrophic tissue or exposed implants; 

omentum plastic surgery; wounds after chronic cortisone application; wounds with disturbed 

perfusion; decubitus ulcers in the buttocks or hips; wounds in lymphatic oedema and 

lymphatic fistulas; wounds in morbid obesity; postthrombotic ulcers on the legs; pyodermia 

fistulans significa; vaginal reconstruction in the Rokitansky-Küster syndrome. 

In addition, procedural advantages in the use of NPWT were asserted. It was said to open the 

possibility of the abdominal position for ARDS prevention with (large) abdominal wounds or 

open abdomen; for very strongly secreting wounds (also palliative); wound treatment in 

uncooperative patients (for example, children); cover with plastic surgery using Integra or 

split-thickness skin, with protection by the NPWT; bridging therapy until cover with plastic 

surgery.  

For some of these indications, the problems of uncontrolled or historically controlled studies 

and the necessity of performing controlled, preferably randomised trials in the corresponding 

areas has already been discussed (poststernotomy mediastinitis, open abdomen, see above). 

For other indications, results of controlled studies are available, some of them randomised 

(for example, Moisidis 2004 or Scherer 2002 on split-thickness skin cover, Ford 2002 or 

Wanner 2003 on decubitus ulcers). For still other indications, randomised trials were or are 

being performed, but their results are not yet available (for example, Study VAC 2001-02 on 

ulcers in chronic venous failure [43]/discontinued, McCarthy 2005 on wounds from ischaemia 

in the lower extremities [64]/ongoing, Study VAC 2001-06 on open fractures 

[54]/discontinued, see too Appendix C). Moreover, some of the indications named are 

actually currently contraindications for NPWT, for example, exposed vessels or malignancy 

in the wound bed [104]. It may finally be argued that very large observed or assumed effects 

(if not "dramatic effects" as defined above) militate against the conduct of RCTs as, in such 
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cases the proof of superiority only requires a very small sample size, and qualitatively 

adequate RCTs would be able to supply the necessary reliability of the results.  

This indication list nevertheless brought us to investigate the case reports and case series 

identified during the literature search for the current evaluation for possible "dramatic" effects 

after the use of NPWT. This however assumes that the clinical course without use of NPWT 

was precisely described in these publications. This was rarely the case:  

─ For example, Halama 2004 reported (modified) intra-oral NPWT in a patient who had 

been given a cystectomy on the lower jaw bone, followed by defect filling with an 

autologous spongiosa transplant, and who had then developed a wound infection with loss 

of the transplant [105]. The authors described that this shortened the time of treatment by 

many months in comparison with conventional obturator treatment.  

─ Nouraei 2003 applied NPWT to a 32-year-old female patient with cervicofacial 

necrotising fasciitis [106]. According to the authors, conventional treatment would have 

required radical excision of a skin flap and skin transplantation or a complicated flap 

reconstruction, which would have led to an "extremely poor" aesthetic result. The use of 

NPWT was accompanied by much lower morbidity, a shorter time in hospital and an 

"acceptable" cosmetic result.  

─ Schintler 2004 treated cervical anastomosis leaks after oesophagectomy and 

reconstruction by gastric elevation in 3 patients with NPWT [107]. According to the 

authors, this made it possible for the patients to be fed with semisolid food by the natural 

route, thus avoiding the use of a nasoenteral probe.  

A definitive clarification of whether these really are "dramatic effects" would, 

methodologically speaking, require an independent literature search on conventional 

treatment for these conditions. As this would exceed the scope of the current report, we must 

trust the statements of the respective authors. The examples given are largely procedural 

advantages, so that these advantages do not necessarily have to be examined in a controlled 

study. One example of this might be the possibility of collecting large volumes of exudate 

from strongly secreting large wounds or for covering wounds over malignant tissue in 

palliative care. It is also described that NPWT permits reliable or more reliable fixation on 

anatomically difficult sites, such as the genital or perineal region, not only improving wound 
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protection, but also permitting or facilitating secondary measures, such as split-thickness skin 

transplantation [108]. 

This implies that a benefit cannot be excluded in the individual case, particularly as the last 

possible approach. Conversely, this alone does not justify broad application of this method 

beyond such individual cases. The particular problem in the discussion of these (more or less) 

spectacular successes is the possibility of publication bias in such situations. If the probability 

of publication of a clinical study with negative - usually meaning statistically non-significant - 

results is reduced, it is even more unlikely that an unsuccessful attempt at individual treatment 

will be published as a case report or case series [109]. 

In summary, it may be deduced from the present report that there are indications that the use 

of NPWT brings additional benefits which are relevant to the patient. There is nevertheless 

considerable uncertainty in this regard. Broad application of this method outside well-

controlled settings - such as clinical studies - therefore appears to be unjustified at the 

moment. However, results are expected from randomised trials in the coming years and this 

could improve the available evidence. In any case, the results of those studies which have 

recently been discontinued must also be published (see Section 5.1.2 and Appendix C).  
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8 Conclusion 

There are at present no results of adequate reliability which provide proof of the superiority of 

NPWT in comparison with conventional therapy and which would justify broad use of this 

method outside clinical trial settings. It would be advisable to re-examine this question in 2 to 

3 years.  
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23 exp SKIN TRANSPLANTATION/ 21679 
24 surg$ flap.ti,ab. 100 
25 exp SURGICAL FLAPS/ 28273 
26 thermal injur$.ti,ab. 2975 
27 exp ELECTRIC INJURIES/ 3436 
28 ulcer$.ti,ab. 95421 
29 ul#us$.ti,ab. 495 
30 exp SKIN ULCER/ 21221 
31 exp SOFT TISSUE INFECTIONS/ 806 
32 exp ULCER/ 5988 
33 wound$.ti,ab. 67693 
34 exp WOUND INFECTION/ 26134 
35 exp WOUND HEALING/ 47539 
36 wound dehiscence.ti,ab. 1001 
37 exp SURGICAL WOUND DEHISCENCE/ 4053 
38 "mini-v.a.c.$".ti,ab. 5 
39 negative-pressur$.ti,ab. 3118 
40 subatmospheric-pressur$.ti,ab. 158 
41 sub-atmospheric-pressur$.ti,ab. 11 
42 $suction$.ti,ab. 9080 
43 exp SUCTION/ 7337 
44 vacuum$.ti,ab. 8839 
45 exp VACUUM/ 1628 
46 (clin$ adj25 trial$).ti,ab. 111711 
47 clinical trial.pt. 401452 
48 exp CLINICAL TRIALS/ 163241 
49 (control$ or prospectiv$ or volunteer$).ti,ab. 1556758 
50 controlled clinical trial.pt. 67924 
51 COMPARATIVE STUDY.sh. 1178074 
52 DOUBLE BLIND METHOD.sh. 80840 
53 exp EVALUATION STUDIES/ 513600 
54 FOLLOW-UP STUDIES.sh. 296994 
55 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 37873 



Final Report N04-03: Negative Pressure Wound Therapy 

 111 

embase or cochrane or systemat$))).ti,ab. 
56 placebo$.ti,ab. 89686 
57 PLACEBOS.sh. 23536 
58 PROSPECTIVE STUDIES.sh. 184783 
59 random$.ti,ab. 316804 
60 randomized controlled trial.pt. 198976 
61 RANDOM ALLOCATION.sh. 52769 
62 RANDOMIZED CONTROLLED TRIALS.sh. 36396 
63 RESEARCH DESIGN.sh. 40093 
64 SINGLE BLIND METHOD.sh. 8786 
65 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 81639 
66 or/1-37 571359 
67 or/38-45 25588 
68 or/46-65 3328964 
69 and/66-68 935 
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Import of a further 203 data sets on 20 May 2005. 

Import after modification of the search strategy and removal of the hits according to the strategy of 04 May 2005 

from the database "Ovid MEDLINE(R) In-Process, Other Non-Indexed Citations, Ovid MEDLINE(R)". Total 

number of the imports: 935 + 203 = 1138 

Number of 
query  

Search term  Numbr of 
hits  

1 amputation$.ti,ab. 15750 
2 exp AMPUTATION/ 11070 
3 exp AMPUTATION TRAUMATIC/ 3004 
4 burn$.ti,ab. 37475 
5 exp BURNS/ 32698 
6 decubit$.ti,ab. 2790 
7 deglov$.ti,ab. 407 
8 diabet$.ti,ab. 195579 
9 exp DIABETES MELLITUS/ 174368 

10 electric$ injur$.ti,ab. 722 
11 frostbite$.ti,ab. 628 
12 exp FROSTBITE/ 1073 
13 laceration$.ti,ab. 5129 
14 exp LACERATIONS/ 412 
15 open-abdom$.ti,ab. 362 
16 exp ABDOMINAL WALL/su 207 
17 plastic-surg$.ti,ab. 7343 
18 exp SURGERY, PLASTIC/ 17685 
19 reconstruct$-surg$.ti,ab. 6650 
20 exp RECONSTRUCTIVE SURGICAL PROCEDURES/ 22293 
21 skin-graft$.ti,ab. 8639 
22 skin-transplant$.ti,ab. 795 
23 exp SKIN TRANSPLANTATION/ 21728 
24 surg$ flap.ti,ab. 100 
25 exp SURGICAL FLAPS/ 28362 
26 thermal injur$.ti,ab. 2981 
27 exp ELECTRIC INJURIES/ 3450 
28 ulcer$.ti,ab. 95747 
29 ul#us$.ti,ab. 496 
30 exp SKIN ULCER/ 21327 
31 exp SOFT TISSUE INFECTIONS/ 813 
32 exp ULCER/ 5999 
33 wound$.ti,ab. 68021 
34 exp WOUND INFECTION/ 26188 
35 exp WOUND HEALING/ 47684 
36 wound dehiscence.ti,ab. 1007 
37 exp SURGICAL WOUND DEHISCENCE/ 4063 
38 "mini-v.a.c.$".ti,ab. 5 
39 negative-pressur$.ti,ab. 3132 
40 subatmospheric-pressur$.ti,ab. 158 
41 sub-atmospheric-pressur$.ti,ab. 11 
42 $suction$.ti,ab. 9107 
43 exp SUCTION/ 7358 
44 vacuum$.ti,ab. 8877 
45 exp VACUUM/ 1634 
46 (clin$ adj25 trial$).ti,ab. 112328 
47 clinical trial.pt. 403160 
48 exp CLINICAL TRIALS/ 163958 
49 (control$ or prospectiv$ or volunteer$).ti,ab. 1563369 
50 controlled clinical trial.pt. 68096 
51 COMPARATIVE STUDY.sh. 1183307 
52 DOUBLE-BLIND METHOD.sh. 81093 
53 exp EVALUATION STUDIES/ 515789 
54 FOLLOW-UP STUDIES.sh. 297997 
55 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
38174 

56 placebo$.ti,ab. 90017 
57 PLACEBOS.sh. 23589 
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58 PROSPECTIVE STUDIES.sh. 185758 
59 random$.ti,ab. 318430 
60 randomized controlled trial.pt. 199782 
61 RANDOM ALLOCATION.sh. 52877 
62 RANDOMIZED CONTROLLED TRIALS.sh. 36685 
63 RESEARCH DESIGN.sh. 40283 
64 SINGLE BLIND METHOD.sh. 8839 
65 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 81891 
66 or/1-37 573546 
67 or/38-45 25676 
68 or/46-65 3342964 
69 and/66-68 940 
70 amputation$.ti,ab. 15750 
71 exp AMPUTATION/ 11070 
72 exp AMPUTATION TRAUMATIC/ 3004 
73 burn$.ti,ab. 37475 
74 exp BURNS/ 32698 
75 decubit$.ti,ab. 2790 
76 deglov$.ti,ab. 407 
77 diabet$.ti,ab. 195579 
78 exp DIABETES MELLITUS/ 174368 
79 electric$ injur$.ti,ab. 722 
80 frostbite$.ti,ab. 628 
81 exp FROSTBITE/ 1073 
82 laceration$.ti,ab. 5129 
83 exp LACERATIONS/ 412 
84 open-abdom$.ti,ab. 362 
85 exp ABDOMINAL WALL/su 207 
86 plastic-surg$.ti,ab. 7343 
87 exp SURGERY, PLASTIC/ 17685 
88 reconstruct$-surg$.ti,ab. 6650 
89 exp RECONSTRUCTIVE SURGICAL PROCEDURES/ 22293 
90 skin-graft$.ti,ab. 8639 
91 skin-transplant$.ti,ab. 795 
92 exp SKIN TRANSPLANTATION/ 21728 
93 surg$ flap.ti,ab. 100 
94 exp SURGICAL FLAPS/ 28362 
95 thermal injur$.ti,ab. 2981 
96 exp ELECTRIC INJURIES/ 3450 
97 ulcer$.ti,ab. 95747 
98 ul#us$.ti,ab. 496 
99 exp SKIN ULCER/ 21327 
100 exp SOFT TISSUE INFECTIONS/ 813 
101 exp ULCER/ 5999 
102 wound$.ti,ab. 68021 
103 exp WOUND INFECTION/ 26188 
104 exp WOUND HEALING/ 47684 
105 wound dehiscence.ti,ab. 1007 
106 exp SURGICAL WOUND DEHISCENCE/ 4063 
107 "mini-v.a.c.$".ti,ab. 5 
108 negative-pressur$.ti,ab. 3132 
109 subatmospheric-pressur$.ti,ab. 158 
110 sub-atmospheric-pressur$.ti,ab. 11 
111 $suction$.ti,ab. 9107 
112 exp SUCTION/ 7358 
113 vacuum$.ti,ab. 8877 
114 exp VACUUM/ 1634 
115 exp CASE-CONTROL STUDIES/ 279512 
116 (clin$ adj25 trial$).ti,ab. 112328 
117 clinical trial.pt. 403160 
118 exp CLINICAL TRIALS/ 163958 
119 exp COHORT STUDIES/ 524871 
120 (compare or compared or versus).ti,ab. 1324296 
121 (control$ or prospectiv$ or volunteer$).ti,ab. 1563369 
122 controlled clinical trial.pt. 68096 
123 exp CONTROL GROUPS/ 652 
124 (compare or compared or versus).ti,ab. 1324296 
125 exp COMPARATIVE STUDY/ 1183307 
126 exp DOUBLE-BLIND METHOD/ 81093 
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127 evaluation Studies.pt. 53483 
128 exp FOLLOW-UP STUDIES/ 297997 
129 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
38174 

130 exp META-ANALYSIS/ 5904 
131 placebo$.ti,ab. 90017 
132 exp PLACEBOS/ 23589 
133 exp PROSPECTIVE STUDIES/ 185758 
134 random$.ti,ab. 318430 
135 randomized controlled trial.pt. 199782 
136 exp RANDOM ALLOCATION/ 52877 
137 exp RANDOMIZED CONTROLLED TRIALS/ 36685 
138 exp RESEARCH DESIGN/ 189913 
139 exp SINGLE BLIND METHOD/ 8839 
140 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 81891 
141 or/70-106 573546 
142 or/107-114 25676 
143 or/115-140 3839983 
144 and/141-143 1120 
145 144 not 69 203 
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Ovid: EMBASE 
Import of 653 data sets on 04 May 2005 

Import from database  " Ovid EMBASE <1980 to 2005 Week 21>" 

Number of 
query 

Search term  Number of 
hits 

1 amputation$.ti,ab. 11608 
2 exp AMPUTATION/ 10351 
3 burn$.ti,ab. 27807 
4 exp BURN/ 18220 
5 decubit$.ti,ab. 1903 
6 deglov$.ti,ab. 353 
7 exp DIABETES MELLITUS/ 160625 
8 diabet$.ti,ab. 155325 
9 electric$ injur$.ti,ab. 532 

10 exp ELECTRIC INJURY/ 3845 
11 frostbite$.ti,ab. 349 
12 laceration.ti,ab. 2340 
13 exp LACERATION/ 1842 
14 open-abdom$.ti,ab. 277 
15 exp ABDOMINAL WALL CLOSURE/ 307 
16 plastic-surg$.ti,ab. 5525 
17 exp PLASTIC SURGERY/ 72266 
18 reconstruct$ surg$.ti,ab. 5098 
19 skin injur$.ti,ab. 464 
20 exp SKIN INJURY/ 19012 
21 skin-graft$.ti,ab. 6951 
22 skin-transplant$.ti,ab. 442 
23 exp SKIN TRANSPLANTATION/ 17292 
24 surg$ flap$.ti,ab. 104 
25 thermal$ injur$.ti,ab. 2541 
26 exp THERMAL INJURY/ 32593 
27 ulcer$.ti,ab. 67862 
28 ul#us$.ti,ab. 376 
29 exp SKIN ULCER/ 13404 
30 exp SOFT TISSUE INFECTION/ 2244 
31 wound$.ti,ab. 48126 
32 wound dehiscence.ti,ab. 768 
33 exp WOUND/ 47647 
34 exp WOUND CARE/ 16500 
35 "mini-v.a.c.$".ti,ab. 6 
36 negative-pressur$.ti,ab. 2446 
37 subatmospheric-pressur$.ti,ab. 130 
38 sub-atmospheric-pressur$.ti,ab. 12 
39 $suction$.ti,ab. 7175 
40 exp SUCTION/ 1241 
41 vacuum$.ti,ab. 6774 
42 exp VACUUM/ 1392 
43 (clin$ adj25 trial$).ti,ab. 101788 
44 clinical trial.pt. 0 
45 exp CLINICAL TRIAL/ 342223 
46 COMPARATIVE STUDY.sh. 60481 
47 controlled clinical trial.pt. 0 
48 (control$ or prospectiv$ or volunteer$).ti,ab. 1310293 
49 DOUBLE-BLIND PROCEDURE.sh. 55376 
50 FOLLOW UP.sh. 155829 
51 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
31279 

52 placebo$.ti,ab. 84942 
53 PLACEBO.sh. 76539 
54 PROSPECTIVE STUDY.sh. 46117 
55 random$.ti,ab. 273023 
56 RANDOMIZATION.sh. 14598 
57 randomized controlled trial.pt. 0 
58 RANDOMIZED CONTROLLED TRIAL.sh. 94193 



Final Report N04-03: Negative Pressure Wound Therapy 

 116 

59 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 77298 
60 SINGLE-BLIND PROCEDURE.sh. 5252 
61 or/1-34 476333 
62 or/35-42 16573 
63 or/43-60 1861753 
64 and/61-63 653 
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Import of a further 289 data sets on 20 May 2005. 

Import after modification of the search strategy and subtraction of the hits according to the strategy of 04 May 

2005 from the database "Ovid EMBASE <1980 to 2005 Week 21>". Total number of imports: 653 + 289 = 942. 

Number of 
query 

Search term Number of 
hits  

1 amputation$.ti,ab. 11657 
2 exp AMPUTATION/ 10411 
3 burn$.ti,ab. 27897 
4 exp BURN/ 18266 
5 decubit$.ti,ab. 1907 
6 deglov$.ti,ab. 354 
7 exp DIABETES MELLITUS/ 161608 
8 diabet$.ti,ab. 156097 
9 electric$ injur$.ti,ab. 537 

10 exp ELECTRIC INJURY/ 3868 
11 frostbite$.ti,ab. 349 
12 laceration.ti,ab. 2349 
13 exp LACERATION/ 1858 
14 open-abdom$.ti,ab. 282 
15 exp ABDOMINAL WALL CLOSURE/ 313 
16 plastic-surg$.ti,ab. 5542 
17 exp PLASTIC SURGERY/ 72574 
18 reconstruct$ surg$.ti,ab. 5116 
19 skin injur$.ti,ab. 468 
20 exp SKIN INJURY/ 19139 
21 skin-graft$.ti,ab. 6970 
22 skin-transplant$.ti,ab. 444 
23 exp SKIN TRANSPLANTATION/ 17351 
24 surg$ flap$.ti,ab. 104 
25 thermal$ injur$.ti,ab. 2547 
26 exp THERMAL INJURY/ 32715 
27 ulcer$.ti,ab. 68066 
28 ul#us$.ti,ab. 380 
29 exp SKIN ULCER/ 13474 
30 exp SOFT TISSUE INFECTION/ 2260 
31 wound$.ti,ab. 48314 
32 wound dehiscence.ti,ab. 773 
33 exp WOUND/ 47889 
34 exp WOUND CARE/ 16606 
35 "mini-v.a.c.$".ti,ab. 6 
36 negative-pressur$.ti,ab. 2458 
37 subatmospheric-pressur$.ti,ab. 131 
38 sub-atmospheric-pressur$.ti,ab. 12 
39 $suction$.ti,ab. 7200 
40 exp SUCTION/ 1249 
41 vacuum$.ti,ab. 6803 
42 exp VACUUM/ 1408 
43 (clin$ adj25 trial$).ti,ab. 102453 
44 clinical trial.pt. 0 
45 exp CLINICAL TRIAL/ 344667 
46 COMPARATIVE STUDY.sh. 61331 
47 controlled clinical trial.pt. 0 
48 (control$ or prospectiv$ or volunteer$).ti,ab. 1315980 
49 DOUBLE-BLIND PROCEDURE.sh. 55639 
50 FOLLOW UP.sh. 157442 
51 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
31636 

52 placebo$.ti,ab. 85320 
53 PLACEBO.sh. 77126 
54 PROSPECTIVE STUDY.sh. 46687 
55 random$.ti,ab. 274633 
56 RANDOMIZATION.sh. 14832 
57 randomized controlled trial.pt. 0 
58 RANDOMIZED CONTROLLED TRIAL.sh. 94853 
59 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 77603 
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60 SINGLE-BLIND PROCEDURE.sh. 5292 
61 or/1-34 478565 
62 or/35-42 16641 
63 or/43-60 1871378 
64 and/61-63 660 
65 amputation$.ti,ab. 11657 
66 exp AMPUTATION/ 10411 
67 burn$.ti,ab. 27897 
68 exp BURN/ 18266 
69 decubit$.ti,ab. 1907 
70 deglov$.ti,ab. 354 
71 exp DIABETES MELLITUS/ 161608 
72 diabet$.ti,ab. 156097 
73 electric$ injur$.ti,ab. 537 
74 exp ELECTRIC INJURY/ 3868 
75 frostbite$.ti,ab. 349 
76 laceration.ti,ab. 2349 
77 exp LACERATION/ 1858 
78 open-abdom$.ti,ab. 282 
79 exp ABDOMINAL WALL CLOSURE/ 313 
80 plastic-surg$.ti,ab. 5542 
81 exp PLASTIC SURGERY/ 72574 
82 reconstruct$ surg$.ti,ab. 5116 
83 skin injur$.ti,ab. 468 
84 exp SKIN INJURY/ 19139 
85 skin-graft$.ti,ab. 6970 
86 skin-transplant$.ti,ab. 444 
87 exp SKIN TRANSPLANTATION/ 17351 
88 surg$ flap$.ti,ab. 104 
89 thermal$ injur$.ti,ab. 2547 
90 exp THERMAL INJURY/ 32715 
91 ulcer$.ti,ab. 68066 
92 ul#us$.ti,ab. 380 
93 exp SKIN ULCER/ 13474 
94 exp SOFT TISSUE INFECTION/ 2260 
95 wound$.ti,ab. 48314 
96 wound dehiscence.ti,ab. 773 
97 exp WOUND/ 47889 
98 exp WOUND CARE/ 16606 
99 "mini-v.a.c.$".ti,ab. 6 
100 negative-pressur$.ti,ab. 2458 
101 subatmospheric-pressur$.ti,ab. 131 
102 sub-atmospheric-pressur$.ti,ab. 12 
103 $suction$.ti,ab. 7200 
104 exp SUCTION/ 1249 
105 vacuum$.ti,ab. 6803 
106 exp VACUUM/ 1408 
107 exp CASE CONTROL STUDY/ 11578 
108 (clin$ adj25 trial$).ti,ab. 102453 
109 clinical trial.ti,ab. 29395 
110 exp CLINICAL TRIAL/ 344667 
111 exp COHORT ANALYSIS/ 26183 
112 (compare or compared or versus).ti,ab. 1144596 
113 exp COMPARATIVE STUDY/ 214053 
114 controlled clinical trial.ti,ab. 3637 
115 (control$ or prospectiv$ or volunteer$).ti,ab. 1315980 
116 exp CONTROLLED STUDY/ 1959306 
117 exp CONTROL GROUP/ 217 
118 exp DOUBLE BLIND PROCEDURE/ 55639 
119 evaluation stud$.ti,ab. 2038 
120 exp FOLLOW UP/ 157442 
121 exp INTERMETHOD COMPARISON/ 69379 
122 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
31636 

123 exp META ANALYSIS/ 21463 
124 placebo$.ti,ab. 85320 
125 PLACEBO.sh. 77126 
126 exp PROSPECTIVE STUDY/ 46687 
127 random$.ti,ab. 274633 
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128 exp RANDOMIZATION/ 14832 
129 randomi?ed controlled trial.ti,ab. 10742 
130 exp RANDOMIZED CONTROLLED TRIAL/ 94853 
131 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 77603 
132 exp SINGLE BLIND PROCEDURE/ 5292 
133 exp "SYSTEMATIC REVIEW"/ 4484 
134 or/65-98 478565 
135 or/99-106 16641 
136 or/107-133 3542604 
137 and/134-136 949 
138 137 not 64 289 
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Ovid: CINAHL 

Import of 101 data sets on 04 May 2005 

Import from the database "Ovid CINAHL - Cumulative Index to Nursing & Allied Health Literature <1982 to 

May Week 2 2005>" 

Number of 
query  

Search term  Number of 
hits

1 amputation$.ti,ab. 1521 
2 exp AMPUTATION/ 1460 
3 exp AMPUTATION TRAUMATIC/ 165 
4 burn$.ti,ab. 6025 
5 exp BURNS/ 4741 
6 decubit$.ti,ab. 248 
7 deglov$.ti,ab. 17 
8 diabet$.ti,ab. 17259 
9 exp DIABETES MELLITUS/ 17609 

10 electric$ injur$.ti,ab. 82 
11 frostbite$.ti,ab. 57 
12 exp FROSTBITE/ 115 
13 laceration$.ti,ab. 467 
14 exp "TEARS AND LACERATIONS"/ 579 
15 open-abdom$.ti,ab. 30 
16 abdominal wall.ti,ab. 121 
17 plastic-surg$.ti,ab. 331 
18 exp SURGERY, PLASTIC/ 1492 
19 reconstruct$-surg$.ti,ab. 261 
20 exp SURGERY RECONSTRUCTIVE/ 1200 
21 skin-graft$.ti,ab. 301 
22 skin-transplant$.ti,ab. 10 
23 exp SKIN TRANSPLANTATION/ 695 
24 surg$ flap.ti,ab. 6 
25 exp SURGICAL FLAPS/ 586 
26 thermal injur$.ti,ab. 187 
27 exp ELECTRIC INJURIES/ 375 
28 ulcer$.ti,ab. 5674 
29 ul#us$.ti,ab. 4 
30 exp SKIN ULCER/ 7408 
31 exp SOFT TISSUE INFECTIONS/ 80 
32 exp ULCER/ 288 
33 wound$.ti,ab. 8004 
34 exp WOUND INFECTION/ 2257 
35 exp WOUND HEALING/ 4137 
36 wound dehiscence.ti,ab. 37 
37 exp SURGICAL WOUND DEHISCENCE/ 126 
38 exp "WOUNDS AND INJURIES"/ 50994 
39 "mini-v.a.c.$".ti,ab. 2 
40 negative-pressur$.ti,ab. 241 
41 subatmospheric-pressur$.ti,ab. 10 
42 sub-atmospheric-pressur$.ti,ab. 1 
43 $suction$.ti,ab. 715 
44 exp SUCTION/ 909 
45 vacuum$.ti,ab. 409 
46 exp VACUUM/ 24 
47 (clin$ adj25 trial$).ti,ab. 9451 
48 clinical trial.pt. 13420 
49 exp CLINICAL TRIALS/ 29986 
50 (control$ or prospectiv$ or volunteer$).ti,ab. 75787 
51 controlled clinical trial.pt. 0 
52 COMPARATIVE STUDIES.sh. 27812 
53 DOUBLE-BLIND STUDIES.sh. 6079 
54 exp EVALUATION RESEARCH/ 7995 
55 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
8347 

56 placebo$.ti,ab. 5872 
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57 PLACEBOS.sh. 2678 
58 PROSPECTIVE STUDIES.sh. 37359 
59 random$.ti,ab. 29206 
60 randomized controlled trial.pt. 0 
61 RANDOM ASSIGNMENT.sh. 9587 
62 RANDOMIZED CONTROLLED TRIALS.sh. 0 
63 STUDY DESIGN.sh. 1573 
64 SINGLE-BLIND STUDIES.sh. 1513 
65 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 4338 
66 or/1-38 89833 
67 or/39-46 1719 
68 or/47-65 151480 
69 and/66-68 101 
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Import of a further 289 data sets on 20 May 2005. 

Import after modification of the search strategy and subtraction of the hits according to the strategy of 04 May  

2005 from the database "Ovid CINAHL - Cumulative Index to Nursing & Allied Health Literature <1982 to 

May Week 2 2005>". Total number of imports: 101 + 28 = 129. 

Number of 
query 

Search term  Number of 
hits

1 amputation$.ti,ab. 1533 
2 exp AMPUTATION/ 1470 
3 exp AMPUTATION TRAUMATIC/ 166 
4 burn$.ti,ab. 6072 
5 exp BURNS/ 4767 
6 decubit$.ti,ab. 249 
7 deglov$.ti,ab. 17 
8 diabet$.ti,ab. 17514 
9 exp DIABETES MELLITUS/ 17841 

10 electric$ injur$.ti,ab. 82 
11 frostbite$.ti,ab. 58 
12 exp FROSTBITE/ 117 
13 laceration$.ti,ab. 473 
14 exp "TEARS AND LACERATIONS"/ 591 
15 open-abdom$.ti,ab. 30 
16 abdominal wall.ti,ab. 122 
17 plastic-surg$.ti,ab. 335 
18 exp SURGERY, PLASTIC/ 1498 
19 reconstruct$-surg$.ti,ab. 261 
20 exp SURGERY RECONSTRUCTIVE/ 1204 
21 skin-graft$.ti,ab. 303 
22 skin-transplant$.ti,ab. 10 
23 exp SKIN TRANSPLANTATION/ 697 
24 surg$ flap.ti,ab. 6 
25 exp SURGICAL FLAPS/ 589 
26 thermal injur$.ti,ab. 188 
27 exp ELECTRIC INJURIES/ 375 
28 ulcer$.ti,ab. 5716 
29 ul#us$.ti,ab. 4 
30 exp SKIN ULCER/ 7463 
31 exp SOFT TISSUE INFECTIONS/ 83 
32 exp ULCER/ 290 
33 wound$.ti,ab. 8053 
34 exp WOUND INFECTION/ 2275 
35 exp WOUND HEALING/ 4164 
36 wound dehiscence.ti,ab. 37 
37 exp SURGICAL WOUND DEHISCENCE/ 126 
38 exp "WOUNDS AND INJURIES"/ 51468 
39 "mini-v.a.c.$".ti,ab. 2 
40 negative-pressur$.ti,ab. 241 
41 subatmospheric-pressur$.ti,ab. 10 
42 sub-atmospheric-pressur$.ti,ab. 1 
43 $suction$.ti,ab. 723 
44 exp SUCTION/ 917 
45 vacuum$.ti,ab. 413 
46 exp VACUUM/ 25 
47 (clin$ adj25 trial$).ti,ab. 9644 
48 clinical trial.pt. 13707 
49 exp CLINICAL TRIALS/ 30458 
50 (control$ or prospectiv$ or volunteer$).ti,ab. 76913 
51 controlled clinical trial.pt. 0 
52 COMPARATIVE STUDIES.sh. 28268 
53 DOUBLE-BLIND STUDIES.sh. 6180 
54 exp EVALUATION RESEARCH/ 8072 
55 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
8488 

56 placebo$.ti,ab. 5987 
57 PLACEBOS.sh. 2706 



Final Report N04-03: Negative Pressure Wound Therapy 

 123 

58 PROSPECTIVE STUDIES.sh. 38036 
59 random$.ti,ab. 29711 
60 randomized controlled trial.pt. 0 
61 RANDOM ASSIGNMENT.sh. 9823 
62 RANDOMIZED CONTROLLED TRIALS.sh. 0 
63 STUDY DESIGN.sh. 1601 
64 SINGLE-BLIND STUDIES.sh. 1546 
65 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 4438 
66 or/1-38 90736 
67 or/39-46 1735 
68 or/47-65 153682 
69 and/66-68 102 
70 amputation$.ti,ab. 1533 
71 exp AMPUTATION/ 1470 
72 exp AMPUTATION TRAUMATIC/ 166 
73 burn$.ti,ab. 6072 
74 exp BURNS/ 4767 
75 decubit$.ti,ab. 249 
76 deglov$.ti,ab. 17 
77 diabet$.ti,ab. 17514 
78 exp DIABETES MELLITUS/ 17841 
79 electric$ injur$.ti,ab. 82 
80 frostbite$.ti,ab. 58 
81 exp FROSTBITE/ 117 
82 laceration$.ti,ab. 473 
83 exp "TEARS AND LACERATIONS"/ 591 
84 open-abdom$.ti,ab. 30 
85 abdominal wall.ti,ab. 122 
86 plastic-surg$.ti,ab. 335 
87 exp SURGERY, PLASTIC/ 1498 
88 reconstruct$-surg$.ti,ab. 261 
89 exp SURGERY RECONSTRUCTIVE/ 1204 
90 skin-graft$.ti,ab. 303 
91 skin-transplant$.ti,ab. 10 
92 exp SKIN TRANSPLANTATION/ 697 
93 surg$ flap.ti,ab. 6 
94 exp SURGICAL FLAPS/ 589 
95 thermal injur$.ti,ab. 188 
96 exp ELECTRIC INJURIES/ 375 
97 ulcer$.ti,ab. 5716 
98 ul#us$.ti,ab. 4 
99 exp SKIN ULCER/ 7463 
100 exp SOFT TISSUE INFECTIONS/ 83 
101 exp ULCER/ 290 
102 wound$.ti,ab. 8053 
103 exp WOUND INFECTION/ 2275 
104 exp WOUND HEALING/ 4164 
105 wound dehiscence.ti,ab. 37 
106 exp SURGICAL WOUND DEHISCENCE/ 126 
107 exp "WOUNDS AND INJURIES"/ 51468 
108 "mini-v.a.c.$".ti,ab. 2 
109 negative-pressur$.ti,ab. 241 
110 subatmospheric-pressur$.ti,ab. 10 
111 sub-atmospheric-pressur$.ti,ab. 1 
112 $suction$.ti,ab. 723 
113 exp SUCTION/ 917 
114 vacuum$.ti,ab. 413 
115 exp VACUUM/ 25 
116 (clin$ adj25 trial$).ti,ab. 9644 
117 clinical trial.pt. 13707 
118 exp CLINICAL TRIALS/ 30458 
119 (compare or compared or versus).ti,ab. 53645 
120 exp COMPARATIVE STUDIES/ 28268 
121 (control$ or prospectiv$ or volunteer$).ti,ab. 76913 
122 controlled clinical trial.ti,ab. 383 
123 exp DOUBLE-BLIND STUDIES/ 6180 
124 exp EVALUATION RESEARCH/ 8072 
125 (metaanaly$ or (meta and analy$) or ((review or search$) and (medical database$ or medline or pubmed or 

embase or cochrane or systemat$))).ti,ab. 
8488 
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126 placebo$.ti,ab. 5987 
127 exp PLACEBOS/ 2706 
128 exp PROSPECTIVE STUDIES/ 38154 
129 random$.ti,ab. 29711 
130 randomized controlled trial.ti,ab. 2215 
131 exp RANDOM ASSIGNMENT/ 9823 
132 exp RANDOMIZED CONTROLLED TRIALS/ 30458 
133 exp STUDY DESIGN/ 137887 
134 exp SINGLE-BLIND STUDIES/ 1546 
135 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab. 4438 
136 or/70-107 90736 
137 or/108-115 1735 
138 or/116-135 215081 
139 and/136-138 130 
140 139 not 69 28 
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Wiley Interscience: The Cochrane Library 

Overview of the imports of 303 data sets from the individual data bases on 20  May 2005 

Databases of the "The Cochrane Library" Number of 
hits

The Cochrane Database of Systematic Reviews (Cochrane Reviews) [10]
Database of Abstracts of Reviews of Effects (DARE) [1]
The Cochrane Central Register of Controlled Trials (CENTRAL) [284]
Health Technology Assessment Database (HTA) [8]

Import of 303 data sets (of a total of 311 hits) on 20 May 2005 

Number of 
query 

Search term Number of 
hits 

#1 amputation* in Abstract or amputation* in Record Title 456
#2 MeSH descriptor Amputation explode all trees in MeSH products 205
#3 MeSH descriptor Amputation, Traumatic explode all trees in MeSH products 12
#4 burn* in Abstract or burn* in Record Title 1827
#5 MeSH descriptor Burns explode all trees in MeSH products 680
#6 decubit* in Abstract or decubit* in Record Title 209
#7 deglov* in Abstract or deglov* in Record Title 0
#8 diabet* in Abstract or diabet* in Record Title 10779
#9 MeSH descriptor Diabetes Mellitus explode all trees in MeSH products 6956
#10 electric* injur* in Abstract or electric* injur* in Record Title 109
#11 frostbite* in Abstract or frostbite* in Record Title 5
#12 MeSH descriptor Frostbite explode all trees in MeSH products 4
#13 laceration* in Abstract or laceration* in Record Title 246
#14 MeSH descriptor Lacerations explode all trees in MeSH products 28
#15 open* abdom* in Abstract or open* abdom* in Record Title 449
#16 MeSH descriptor Abdominal Wall explode all trees with qualifier: SU in MeSH products 4
#17 plastic* surg* in All Fields or plastic* surg* in Record Title 1033
#18 MeSH descriptor Surgery, Plastic explode all trees in MeSH products 81
#19 reconstruct* surg* in Abstract or reconstruct* surg* in Record Title 613
#20 MeSH descriptor Reconstructive Surgical Procedures explode all trees in MeSH products 623
#21 skin* graft* in Abstract or skin* graft* in Record Title 332
#22 skin* transplant* in Abstract or skin* transplant* in Record Title 100
#23 MeSH descriptor Skin Transplantation explode all trees in MeSH products 224
#24 surg* flap in Abstract or surg* flap in Record Title 519
#25 MeSH descriptor Surgical Flaps explode all trees in MeSH products 437
#26 thermal injur* in Abstract or thermal injur* in Record Title 140
#27 MeSH descriptor Electric Injuries explode all trees in MeSH products 10
#28 ulcer* in Abstract or ulcer* in Record Title 8609
#29 ul*us* in Abstract or ul*us* in Record Title 134
#30 MeSH descriptor Skin Ulcer explode all trees in MeSH products 1030
#31 MeSH descriptor Soft Tissue Infections explode all trees in MeSH products 28
#32 MeSH descriptor Ulcer explode all trees in MeSH products 84
#33 wound* in Abstract or wound* in Record Title 4804
#34 MeSH descriptor Wound Infection explode all trees in MeSH products 2139
#35 MeSH descriptor Wound Healing explode all trees in MeSH products 2054
#36 wound dehiscence in Abstract  156
#37 MeSH descriptor Surgical Wound Dehiscence explode all trees in MeSH products 192
#38 mini-v.a.c.* in Abstract or mini-v.a.c.* in Record Title 0
#39 negative pressur* in Abstract or negative pressur* in Record Title 1031
#40 negative*pressur* in Abstract or negative*pressur* in Record Title 13
#41 subatmospheric pressur* in Abstract or subatmospheric pressur* in Record Title 13
#42 sub-atmospheric pressur* in Abstract or sub-atmospheric pressur* in Record Title 2
#43 *suction* in Abstract or *suction* in Record Title 894
#44 MeSH descriptor Suction explode all trees in MeSH products 460
#45 vacuum* in Abstract or vacuum* in Record Title 426
#46 MeSH descriptor Vacuum explode all trees in MeSH products 45
#47 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR 

#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR 
30489



Final Report N04-03: Negative Pressure Wound Therapy 

 126 

#28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37) 
#48 (#38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46) 2486
#49 (#47 AND #48) 311
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Information on the search technique of the supplier "Ovid" 

Sign Meaning 

$ Wild card for 0, 1 or more than 1 sign ("unlimited truncation") 

# Wild card for 1 sign ("limited truncation") 

? Wild card for 0 or 1 sign ("optional wild card") 

.ti,ab. Limitation to the fields "Title" and "Abstract"   

exp Explosion to all other specified Subject Headings in the hierarchy of the 
subject heading index   

/ Involvement of all subsidiary terms intended for restrictions to content  

adj25 The two terms flanking this expression are adjacent with a maximal interval of 
25 words  

/su Restriction to the content of a subject heading to the subsidiary term "surgery"  

.pt. Restriction to the field "publication type" 

.sh. Restriction to the field "subject heading" 

Small letters 
"trial" 

Free text in the sense of sign sequence  

Capital letters 
"TRIAL" 

Subject heading in the sense of a defined content  
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Appendix C References to unpublished randomised trials  

Study 
KCI identification 
where applicable 

Patients Expected 
number of 
patients 

Outcomes According to 
abstract 

Question to Response from Status 
November 2005 

-[No authors listed] 
2005* [43] 
KCI-ID: VAC 2001-02 

Leg ulcers in venous 
insufficiency 
─ Duration ≥ 30 days 
─ Area < 100cm2 

214 Complete wound 
closure 

Multi- 
centre 

KCI KCI: Study was not 
continued 

Discontinued.  
Publication not known 

Adams 2005* [61] Wound after split-
thickness skin removal  

No 
information 

Wound healing for 
donor site  

Single centre 
UK 

Adams No Completion 
Publication not known 

Armstrong 2004 [44] 
KCI-ID: VAC 2001-08 

Diabetic foot wounds  
─ Wagner Stage ≥ 2 
─ Area ≥ 2cm2 

206 Complete wound 
closure within 
period of 
observation  

Multicentre 
USA 

Armstrong Armstrong: 
Independent study, not 
yet complete  

Running 

Bayer 2004 [45] 
KCI-ID: VAC 2002-09 

Poststernotomy wounds 116 Support of surgical 
wound closure 

Multicentre 
USA 

Orgill 
KCI 

No 
KCI: Study was not 
continued 

Discontinued.  
Publication not known 

 
Foo 2004 [58] Diabetic foot wounds  No 

information 
Wound area 
(Surrogate) 

Singapore Foo No Unclear 
Publication not known 

Fryer 2005* [62] Pressure sores 120 Quantitative wound 
dimensions 
(Surrogate) 

Single centre 
UK 

Fryer No Unclear 
Publication not known 
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Appendix C References to unpublished randomised trials (continued)  

Study 
KCI identification 
where applicable 

Patients Expected 
number of 
patients 

Outcomes According to 
abstract 

Question to Response from Status 
November 2005 

Greer 1999 [46] 
KCI, no ID 

Pressure sores 
─ Stage 3 or 4 
─ Area ≥ 2cm2 and  
     < 100cm2 

80 Quantitative wound 
dimensions 
(surrogate) 

Multi- 
centre 
USA 

Greer 
KCI 

No 
KCI: Study not 
continued 

Discontinued 
Publication not known 

Gupta 2001 [60] Chronic wounds  No 
information 

Quantitative wound 
dimensions 
(surrogate) 

USA Gupta No Unclear 
Publication not known 

Lantis 2004 [59] Wounds covered with 
split-thickness skin  

No 
information 

Qualitative 
acceptance of split-
thickness skin by 
recipient   

Multi- 
centre 
USA 

Lantis No Unclear 
Publication not known 

McCarthy J 2005* [63] Compartment syndrome 
with fasciotomy of the 
lower extremities   

30 Wound healing USA McCarthy J No Running 

McCarthy M 2005* [64] Ischaemic wounds of the 
lower extremities  

No 
information 

Time till full growth 
of epithelium in 
wound  

UK McCarthy M McCarthy M: 
Currently being 
performed. Interim 
results not available  

Running 

Molnar 2004 [48] 
KCI-ID VAC 2001-00 

Burns on both hands  
Grade 2 to 3 

50 Quantitative wound 
dimensions 
(surrogate) 

Multi- 
centre 
USA 

Molnar 
KCI 

No 
KCI: Publication 
planned for 2005. 

Running 

Niezgoda 2004 [49] 
KCI-ID VAC 2001-01 

Pressure sores 
─ Torso and trochanter 

Regions 
─ Stages 3 and 4 

214 Complete wound 
closure  

Multi- 
centre 
USA 

Niezgoda 
KCI 

No 
KCI: Publication 
planned for 2008  

Running 

 



Final Report N04-03: Negative Pressure Wound Therapy 

Version 1.0; Status: 13 March 2006 130 

Appendix C References to unpublished randomised trials (continued)  

Study 
KCI identification 
where applicable 

Patients Expected 
number of 
patients 

Outcomes According to 
abstract 

Question to Response from Status 
November 2005 

Orgill 2004 [50] 
KCI-ID VAC 2002-10 

Surgical or traumatic 
abdominal wounds  

116 Support of closure 
of open abdominal 
wounds   

Multi- 
centre 
USA 

Orgill 
KCI 

No 
KCI: Study not 
continued 

Discontinued 
Publication not known  

Stannard 2004 [52] 
KCI-ID VAC 2001-04 

Haematoma formation 
after osteosynthetic 
operation  

100 Number of 
haematoma needing 
surgical treatment  

Single centre, 
USA 

Stannard 
 

KCI 

Stannard: Independent 
study, not completed.  
KCI: Publication 
planned for 2008  

Running 

Stannard 2004 [53] 
KCI-ID VAC 2001-05 

Operation wounds after 
internal osteosynthesis of  
calcaneus, pilon, or tibia 
head fractures  

300 Time needed for 
drainage  

Single centre 
USA 

Stannard 
 

KCI 

Stannard: Independent 
study, not completed.  
KCI: Publication 
planned for 2008  

Running 

Stannard 2004 [54] 
KCI-ID VAC 2001-06 

Severe open fractures with 
wounds of large area  
─ Severity grade  ≥ 2 

300 Postoperative 
adverse events  

Single centre 
USA 

Stannard 
 

KCI 

Stannard: Independent 
study, not completed 
KCI: Study not 
continued 

Discontinued 
Publication not known  

Vuerstaek 2004 [55] 
KCI-ID VAC VLU 

Chronic leg ulcers 60 Time till complete 
wound healing 

Single centre 
Netherlands 

Vuerstaek 
KCI 

No 
KCI: Publication 
planned for 2006 

Completed 
Publication not known  

Walker 2005* [65] No information 48 Quantity of wound 
exudate  

Single centre 
UK 

Walker No Completed 
Publication not known  

* When the year 2005 is given, this does not mean the year of publication as with other authors. This year means the year in which the information was accessed on the 
appropriate Internet page or - in 1 case - the year in which the information was communicated.  
ID: Identification number. KCI: Kinetic Concepts, Inc. 
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Appendix C References to unpublished randomised trials (continued)  

The publication of Ford 2002 [70] referred to a study which was being performed by another investigator (Orgill) in another hospital in the 

same city. This is the study Bayer 2004 in the table. This investigator did not respond to our enquiry. However, KCI informed us that the 

two studies managed by this investigator (Bayer 2004, Orgill 2004) had been discontinued.  

Wu 2000 [20] presented a case series in his publication and mentioned a planned randomised trial. It has now been reported that this 

randomised trial has been completed and published as Mouës 2004 [24]. 
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Appendix D Responses from authors  

Buttenschön 2001 [67] 

After treatment with or without NPWT, the 35 patients were sent a questionnaire. 29 

completed forms were returned within a period of 6 to 14 months after the start of treatment. 

(Response letter 01 August 2005). 

Question "Did complications occur in the time after operation?" Answer:  

Group Yes No Type of complication (multiple answers can be given)   

NPWT 8 8 Inflammation of wound (1), Metal loosened (1), Pain (6), 
Restriction to movement (6), Swelling (1), Giddiness (1) 

Control 2 13 Inflammation of wound (1), Metal loosened (1), Pain (2), 
Restriction to movement (1) 

The results differences between groups. Complications were found in 8 (of 16) patients in the 

NPWT group and in 2 (of 15) patients in the control group. As regards the type of 

complication, the frequency of pain with 6 vs. 2 and of restriction to movement with 6 vs. 1 is 

noticeable.  

Armstrong 

We were informed by e-mail on 01 October 2005 that the manuscript with the study results of 

the completed study had been accepted for publication in the November 2005 edition of the 

Lancet: "Armstrong DG, Lavery LA. Negative Pressure Wound Therapy Heals Wounds 

Faster than Standard Wound Care Following Partial Diabetic Foot Amputation: Results from 

a Randomised Multicentre Clinical Trial. Lancet. 2005." 

Deva 

We were informed by e-mail on 18 August 2005 that the abstract of Heath 2002 [47] 

presented preliminary results from a study which was finally published by Moisidis 2004 

[57]. We were also informed that a second study had been completed which would 

presumably be published in 2006 in the journal "Plastic and Reconstructive Surgery". Data on 

this study were not provided.   
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Stannard 

We were informed by e-mail on 15 August 2005 that two independent studies were being 

performed and that publication was planned for 2008.  
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Appendix E Protocol of the scientific hearing  

The (German-language) minutes of the scientific hearing can be found in the German final 
report under: http://www.iqwig.de/index.download.ccffd630f13aa9271cb98c283975b3db.pdf 
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Appendix F Statements 

The statements submitted on the preliminary report can be found in the German final report 
under: http://www.iqwig.de/index.download.ccffd630f13aa9271cb98c283975b3db.pdf 
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