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Background: Ne!?"tive-pressure wound therapy with instillation is increasingly 
utlhzed as an adjunct therapy for a wide variety of wounds. Despite its grow
ing popularity, there is a paucity of evidence and lack of guidance to provide 
effective use of this therapy. 
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Methods: A panel of experts was convened to provide guidance regarding 
the appropriate use of negative-pressure wound therapy with instillation. A 
face-to-face meeting was held where the available evidence was discussed and 
individual clinical experience with this therapy was shared. Follow-up com
munication among the panelists continued until consensus was achieved. The 
final consensus recommendations were derived through more than 80 percen t 
agreement among the panelists. 
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Results: Nine consensus statements were generated that address the appro
priate use of negative-pressure wound therapy with instillation. The question 
of clinical effectiveness of this therapy was not directly addressed by the con
sensus panel. 
Conclusion: This document serves as preliminary guidelines until mOre robust 
evidence emerges that will support or modify these consensus recommenda
tions. (P1ast. Recanstr. Surg. 132: 1569,2013.) 

Negative-pressure wound therapy has been a 
widely accepted and utilized wound treat
ment modality for almost two decades. 

Although the concept of negative-pressure wound 
therapy had previously been described, 1-:\ Argenta 
and Morykwas' were the first to systematically 
examine the potential of devices consisting of a 
highly porous polyurethane foam, a semiperme
able dreSSing, connective tubing, and a vacuum 
SOurce. Negative-pressure wound therapy has 
been reported to increase the rate of healing, pro
mote wound bed granulation, prepare the wound 
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bed for closure, and remove exudates. 1.<1-" Topical 
irrigation solution has also been used extensively 
for wound bed cleansing, debris and exudate 
removal, and microbial eradication. Negative
pressure wound therapy with instillation combines 
negative pressure with a topical irrigation solu
tion. The use of negative pressure in conjunction 
with instillation provides an important evolution 
in the negative-pressure wound therapy concept 
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with the potential added benefit of supplying an 
antimicrobial solution to the wound bed. 

The concepts of suction and wound irrigation 
are longstanding principles of surgery. Closed suc
tion drains are commonly used to drain large cavi
ties, thereby bringing surfaces together to allow 
them to heal. Wound irrigation has long been 
appreciated as beneficial for cleaning contami
nated wounds. Svedman reported in 1979 a device 
that combined wound irrigation with suction 
that became commercially available in the early 
1980s."I-" Fleischmann et aI. , 14 in 1998, reported 
a gravity-fed intermittent instillation system used 
in conjunction with negative-pressure wound 
therapy. In 2003, the first commercially available 
negative-pressure wound therapy device with inter
mittent instillation was introduced (V.A.C. Instill 
Wound Therapy System; Kinetic Concepts, Inc., 
San Antonio, Texas). In 2007, a device with simul
taneous irrigation was also made available (Sved
man; Innovative Therapies, Inc., Gaithersburg, 
Md). However, neither of these devices was widely 
adopted by clinicians. In 2012, the next genera
tion of negative-pressure wound therapy devices 
with instillation was introduced and has since 
rapidly gained in popularity (V.A.C. Ulta Wound 
Therapy System from Kinetic Concepts, and Quan
tum from Innovative Therapies). The majority of 
the consensus statements included in this article 
apply to the use of negative-pressure wound ther
apy with intermittent instillation. Devices that uti
lize simultaneous instillation preclude the need 
for some of the guidelines (e.g., dwell time and 
duration of negative pressure) presented in this 
document. Other guidelines pertaining to the 
type and volume of instillation solution are still 
relevant for simultaneous instillation. 

Negative-pressure wound therapy with instilla
tion has promise as an adjunctive therapy for con
taminated or infected wounds. However, due to its 
novelty, there are many questions as to its effective 
use. The dilemma inherent in any novel therapy 
is the lack of evidence to support its use. There 
may b~ a.necdotal evidence that suggests efficacy, 
but thIS IS not suffiCIent In the environment of 
evidence-based medicine. Despite the lack of evi
dence for the use of novel therapies, clinicians Con
tinue to use these therapies and gain experience 
through trial and error. This is not an ideal method 
for treating patients and can result in adverse out
c?mes, !ncreased he~lth care costs, or discounting/ 
dlscardmg of therapIes that may be effective if used 
appropriately. Therefore, an attempt must be made 
to offer s~)me d~gree of guidance. Although expert 
opmlon IS consIdered the lowest level of evidence , 
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for novel therapies, expert opinion through con
sensus from a panel of experts can provide valuable 
guidance to clinicians. 

The principal goal of these consensus guide
lines is to address (1) the recommended uses for 
negative-pressure wound therapy with instillation; 
(2) suggested instillation solutions that can be 
used in negative pressure with instillation based 
on clinical experience; and (3) the suggested set
tings, including instillation dwell time and volume, 
duration of negative pressure, pressure settings, 
and duration of negative pressure combined with 
instillation. None of the consensus guidelines 
directly address the question of efficacy because of 
the lack of robust comparative outcome studies. It 
is the collective opinion of the panel that the con
sensus statements provide general guidelines for 
the most effective use of negative-pressure wound 
therapy with instillation, and may translate into 
improved clinical outcomes. 

\H. iHli ih 
A multistep process was Iltilized to formulate 

the consensus guidelines. Due to the paucity of 
peer-reviewed publications on negative-pressure 
wound therapy with instillation, the consensus 
guidelines were based largely on agreement by 
the expert panelists. The peer-reviewed published 
literature was used as a foundation filr discussion 
and was cited as evidence to support guideline 
statement~ whenever possible. However, due to 
the lack of robust, prospective, randomized, com
parative, controlled studies, no fi>rInal process of 
evaluating the quality of the published evidence 
was conducted. Furthermore, the conventional 
consensus process (e.g., the Delphi method) was 
not used. Again, due to the novelty of this treat
ment therapy, a modified consenSllS process was 
utilized as described below. 

Panelists 

Selection of the expert panelist, was conducted 
by the lead authors (PJK., C.E.A., ].S.S., and 
K.K.E.). The 13 panelist, were selected based on 
prior peer-reviewed publications on the topic of 
~eg~tiv~-pressure wound thempy with or without 
mstIlIatlon, clinical experience with negative pres
sure with instillation, expertise in antimicrohial and 
an~septic solutions, and reputation ti)r scholarly 
actIVIty. An attempt wa, made to capture diverse 
practIce patterns from a \rariety of geographic loca
tIons as well as different specialties to create a het
erogeneous expert panel sample. Panelists were 
selected from the United States and Germany and 
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encompassed the specialties of general surgery, 
orthopedic surgery, plastic surgery, vascular sur
gery, and podiatric surgery. One nonclinical panel
ist (C.S.) also participated in the expert panel. The 
nonclinical panelist's responses were not included 
in the consensus statements due to the clinical 
nature of these statements. He provided ex vivo 
and nonhuman experimental model expertise for 
both antibiotic/antiseptic solutions and negative
pressure wound therapy with instillation. 

Process 
Before the face-to-face meeting was convened, 

panelists were provided with peeHeviewed publi
cations on the topic of negative-pressure wound 
therapy with instillation for review as well as with 
the process that would be used for consensus 
building. The meeting was divided into three 
sections. The first section consisted of presenta
tions regarding the basic science evidence for 
negative-pressure wound therapy with instillation 
of antibiotic/ antiseptic solutions. The next sec
tion focused on its clinical application as well as 
a review of the available peer-reviewed published 
evidence. The final section involved a discussion/ 
debate about what should be included in the 
consensus document. Comments were digitally 
recorded f(lr review by the lead authors to ensure 
that all viewpoints were adequately captured and 
reviewed. No conclusive statemt'nts were finalized 
at this meeting. TIlt' panelisL~ were asked to reflect 
on what had been discussed, and a follow-up dis
cussion via email and teleconference was sched
uled fill' within the f(ll\owing 6 weeks. 

Follow-up dOClllllt'nts, including a list of spe
cific consensus statements, were sent to the panel
ists for review and response. Panelists were asked 
to mark agreeme nt or disagreement with each 
statement. A comments column was provided 
so that the panelists could add any additional 
remarks. Blank responses were not counted. 
Therefore, statements received between nll1e and 

Table 1. Consensus Ranking Scheme 

Agreement 

12 total respondents. These surveys were collated 
and tallied, and the results were sent back to the 
panelists for review and comment. An acknowl
edgment was provided by the panelists confirm
ing agreement to the final consensus guidelines. 
A draft of the manuscript was then written by the 
lead authors. Panelists then made comments and 
suggested changes to the manuscript. The final 
manuscript was accepted and agreed upon by all 
the panelists for submission. 

Consensus Agreement 
A conventional method for reaching con

sensus was not utilized for these guidelines due 
to the novelty of this therapy. The methodology 
employed was a stringent agreement algorithm 
that combined two modified consensus-ranking 
approaches, the Willy and Stellar method" and 
the Delphi method.'" The component that was 
used to formulate the guidelines from these two 
consensus models was the consensus classifica
tion schemes that provided cut-offs for consensus 
agreement (Table 1). The Willy and Stellar con
sensus scheme allowed us to evaluate the degree 
of agreement with a more liberal allowance for 
statement inclusion of greater than 50 percent. 
The modified Delphi classification scheme is 
more stringent, with more than 80 percent agree
ment necessary for inclusion. The results from 
both ranking schemes are included for review to 
allow readers to make their own determination 
as to the degree of consensus. The novelty of this 
consensus approach precludes the use of abso
lute cut-offs, because statistical inferences could 
not be made due to the small size of the consen
sus sample. However, we wanted to provide some 
degree of guidance specificity for the use of this 
novel therapy. Therefore, consensus statements 
contained within this document include agree
ment utilizing both classification schemes. The 
panel chose to use the modified Delphi method 
ranking model with a more stringent agreement 

% Agreement Description 

MOdified Willy and Stellar schenle 
I SI rong consenSIlS 
2 (:onSClIstiS 
~ M;!iol'il), appn)yaJ 
4 No {'Ollst'IlStlS 

>95% or participants agree 
>75-95% ofpanicipanL'i agree 
>:10-70% of participalHs agree to 
<50% of parlicip<.lIlls agree 

Statement should be included 
Statement should he included 
Statement should be included 
Statement should nol be inclllded 

MOdified lh'l"hi lIlethod 

2 
3 
4 

Ess(,lltial. il11pOrl<l1l1 

Don't know/ <kpcl1ct:. 
UnilllporwlIl . 
Should not he Induded 

>80% of panel in agreement, 
Statement should be included 
Statement should be excluded 
Statement should be excluded 
Statement ShOllld be excluderl 
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cut-otr of more than HO percent to generate the 
guideline statements included below. The results 
of the survey are organized in Tables 2 through 5, 
with the first column representing the consensus 
statement. The second and third columns report 
the tally and percentage of "yes/no" responses. 
The !<llIrth and fifth columns specifY the consen
sus rank designated by each ranking scheme. The 
final column indicates whether or not the guide
line statement achieved consensus. 

RESUI.TS 
The consensus statements that reached our 

threshold of greater than 80 percent agreement 
by the members of the expert panel are outlined 
helow. There were other statements that did reach 
a high degree of agreement but did not meet our 
threshold. Exclusion of these statements does 
not necessarily suggest that the contents of these 
statements are wrong or ill-advised. Rather, the 
purpose of this consensus document is to provide 
general guidelines and not absolute principles. 
Table 7 provides a summary of publications to 

Table 2. General Use Statements and Survey Results 

Consensus Statement 

NPvtr with instillation can be used as an adjunct in 
appropriately treated and evaluated acutely infected 
wounds. 

NPWT with instillation does not replace debridement of 
necrotic or infected tissue in acutely infected wounds. 

NPWf with instillation can be used as an adjunct in the 
appropriately treated and evaluated chronically infected 
wounds. 

NP\VT with instillation does not replace debridement of 
necrotic or infected tissue in chronically infected wounds. 

NP\O\'T with instillation can be used as an adjunct in the 
appropriately treated and evaluated contaminated wound. 

NP\VT with instillation does not replace debridement of the 
contaminated wound. 

NPVVT with instillation can be used for diabetic wounds. 
NP\O\T'[ with instillation can be used for traumatic wounds. 
NPv\'T with instillation can be used for decubitus wounds. 
NP\VT with instlllation can be used for necrotizing fasciitis. 
NPWT with instillation can be used for venous wounds. 
NP\OVT with instillation can be used for contaminated wounds. 
NPWT with instillation can be used for wounds with exposed 

hone. 
NPWT \vith instillation can be used for wounds with 

und.erlying osteomyelitis. 
NPWf with instillation can be used over infected orthopedic 

hardware (platcs/screws/ wires/pins). 
NP\OVT with instillation can be used over infected implants 

(total and ht:mijoint implant'; ). 
NP\NT \\~th ~nst~llat!on can be used for painful wounds. 
NP'WT With msullatlon can be used in the intedm between a 

staged/delayed amputation. 
NP'Arr with instillation can be used for abdominal cavity 

wounds. 
NPWT. neg-.ttive-pressure wound therapy. 
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date regarding negative-pressure wound therapy 
with instillation. The articles listed in Table 7 pro
vide further support to the consensus statements. 

Consensus Statement 1: Negative.pressure wound 
therapy with instillation can be used as an adjunct ther
apy after appropriate wound treatment and evaluation 
in the following wound types: (1) acutely and chroni
cally infected wounds, (2) contaminated wounds, (3) 
diabetic wounds, (4) traumatic wounds, (5) decubitus 
wounds, (6) wounds with exposed bone, (7) wounds 
with underlying osteomyelitis, (8) infected wounds in 
the presence of orthopedic hardware or joint implants, 
(8) painful wounds, and (9) wounds that are a bridge 
between staged/delayed amputation (Table 2). 

All wounds should be appropriately treated 
and evaluated. Proper wound assessment should 
be conducted for all wound types and address 
wound etiology, vascular status, and medical 
comorbidities. Fundamental principles of wound 
treatment apply, including appropriate antibi
otic therapy, debridement, local wound care, 
and hardware/implant removal if necessary. 

Yes 

12/12 (100%) 

12/12 (100%) 

12/12 (100%) 

12/12 (100%) 

12/12 (100%) 

12/12 (100%) 
12/12 (100%) 
12/12 (100%) 
11/12 (92%) 
8/12 (67%) 

12/12 (100%) 
12/12 (100%) 

12/12 (100%) 

12/12 (100%) 

12/ 12 (100%) 

11 /12 (92%) 
10/12 (83%) 

10/11 (91%) 

6/9 (67%) 

No 

1/12 (8%) 
4/12 (33%) 

1/12 (8%) 
2/12(17%) 

1/11 (9%) 

3/9 (33%) 

Willy 
and 

Stellar 

1 

1 
1 
1 
2 
3 
1 
1 

1 

2 
2 

2 

3 

Delphi 

1 

1 

1 

1 

1 
1 
1 
1 
2 
1 
1 

1 

2 

Consensus 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 

Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

No 
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Table 3. Instillation Solution Statements and Survey Results 

Willy 
and 

Consensus Statement Yes No Stellar Delphi Consensus 

An appropliate instillation solution is Lavasept (polyhexanide 
0.04%). 12/ 12 (JOO%) Yl'S 

An a,%fopriate instillation solution is Prontosan (polyhexanide 
0.1 0 plus belaine). 12/ 12 (100%) Yt·~ 

An appropriate instillation solution is Dakin's solution (0.125% 
sodium hypochlorite). 7/12 (58%) 5/12 (42%) :\ ·1 No 

An appropriate instillation solution is diluted acetic acid 0.25%. 5/ 12 (42%) 7/ 12 (!;R%) 4 ·1 No 
An appropriate instillation solution is diluted acetic acid 1.0%. 9/ 12 (75%) 3/ 12 (2;'%) 3 ~ No 
An appropriate instillation solution is silver nitrate. 4/12 (33%) 8/ 12 (67%) 4 ~ No 
An appr0!tria~e jn~tillalion solution is Nebacetin (neomycin 

sulfate baCItracIn) p lus Lavasept (polyhexanidum/ 
macrogolum) . 5/ 12 (42%) 7/ 12 (5H%) 4 2 No 

An appropriate instillation solution is Microcyn/ Dermacyn 
(superoxidized water). 8/ 9 (89%) 1(9( 12%) 2 1 Y('s 

An appropriate instillation solution is diluted iodine. 5/12 (42%) 7/ 12 (5WX,) 1 ·1 Nil 
An appropriate instilla tion solution is I % or 2% lidocaine 

mixed with antibiotic solution. 5/10 (50%) 0/10 (50%) :~ 2 No 
An appropriate insti llation solution is 1 % or 2% lidocaine mixed 

with Dakin 's solution (0.125% sodium hypochlorite) . 4/ 12 (33%) 8/ 1~ (67%) '1 ·1 No 
An appropriate insti llation solution is nOlmal saline. 6/ 11 (55%) :i/ II (4;,'JI, ) ~ 'I No 

Ne,gative-pressure wound therapy with instil
latIOn should not be used as a sole modality to 
treat infection, 

Negative pressure with instillation has been 
used successfully in various types of infected 
wounds in many different locations on the body, 
mcluding the extremities, breast, torso, abdomen, 
buttocks, and sacrum,"·'4.'7-26 It has been used 

in particularly challenging cases as well. (;abrid 
et aI. , 17 Lehner et al. ,'" and othus2"-"; report Ihal 
it has been used eflcctivdy in the envirollllll'lIl 
of osteomyelitis, exposed hardware , and inf(,Clcd 
orthopedic implants, However, IIS(' of II egalive 
pressure with instillation has IIot heen approved in 
the United States for wounds with inlix wd ortho
pedic implants. The treatment. has also bl:en llsed 

Table 4. Negative-Pressure Wound Therapy with Instillation Settings Statements and Survey Results 

Consensus Statement 

An appropriate instillation dwell time is less than 1 
minute. 
~ appropriate instillation dwell time is 5 minutes. 

appropriate instillation dwell lime is 10 minutes. 
~ appropriate instillation dwell time is 20 minutes. 
An appropriate instillation dwell time is 30 minutes. 

appropriate instillation dwell time is 60 minutes. 
An

60
apPTOPriate instillation dwell time is greater than 

mmutes. 
~aphropriate volume of instillation llsed is until 

e Oam is visibly saturated. 
~ appropr~ate volume of instillation used ~ s 5 ml. 
An approprIate volume of instillation used IS 10 ml. 
An appropr:ate volume ofinstillation used ~s 15 ml. 
A appropnate volume of instillation used IS 20 ml 
~ approp~ate volume of instillation used !s 30 ml. 
An approp~ate volume of insti llation used !s 40 mt. 
An apprOpz:ale volume of instillation used ~s 50 ml. 
An appropr:ale volume ofinstillation used ~s 75 ml. 
A. apprOpnale volume of instillation lIsed IS 100 ml. 
~ appropriate volume of instillation used is 

ependent on wound volume and the inslillation 
volu An me should match this wound volume. 
d!ppropriate volume of instillation 1Is<:d i~ . 

pendent on wound volume and the IIl sullauon 
Vol _ ume should be less than the wound volume. 

Yes 

4/ 11 (36% ) 
6/ 12 (50%) 

11 / 12 (92%) 
10/ 11 (91 %) 
5/ 12 (42%) 
2/ 12 (17%) 

1/ 12 (8%) 

10/ 12 (83%) 
I /IO (10%) 

9/ 12 (75%) 

9/ 12 (75%) 

No 

7/1 1 (64%) 
6/12 (50%) 
1/ 12 (8%) 
1/ 11 (9%) 
7/ 12 (58%) 

10/ 12 (H3%) 

11 / 12 (92%) 

2/ 12 (In) 
9/IO (90';;, ) 
9/9 (I0IlW.) 
9/9 (100%) 
9/ 9 (100%) 
9/ 9 (1110%) 
9/ 9 (100%) 
9/ 9 (1000/.. ) 
9/ 9 (100%) 
9/ 9 (1011%) 

V l2 (25%) 

3/ 12 (25%) 

Willy 
and 

SteDar 

4 
3 
2 
2 
4 
~ 

2 

~ 
>I 
I 
I 
I 
I 
I 
I 
I 
I 

3 

3 

Delphi 

2 
~ 
I 
I 
4 
I 

I 
·1 
I 
I 
I 
I 
I 
J 
I 
I 

2 

2 

Consensus 

No 
f\O 
Yes 
Yes 
AO 
Yes 

Yes 

Yes 
~o 
Yt:s 
Y(·s 
Y('S 

Y('S 

Yes 
Y('s 
Yets 
Yes 

No 

No 
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TableS. Negative-Pressure Wound Therapy Settings Statements and Survey Results 

Willy 
and 

Consensus Statement Ves No Stellar Delphi Consensus 

An appropriate NPWT time is 30 minutes. 6/11 (55%) 5/11 (45%) 3 2 No 
An appropriate NP\VT time is 1 hour. 10/ 11 (91 %) 1/11 (9%) 2 1 Yes 
All appropriate NPWT time is 2 hours. 10/12 (83%) 2/12 (17%) 2 1 Yes 
An appropriate NPWT time is 2.5 hours. 10/ 11 (91 %) 1/11 (9%) 2 1 Yes 
An appropriate NPWT lime is 3 hours. 8/11 (73 %) 3/11 (27%) 3 2 No 
An appropriate NPWT time is 3.5 hours. 8/11 (73%) 3/11 (27%) 3 2 No 
All appropriate NPWf time is 4 hours. 8/11 (73%) 3/11 (27%) 3 2 No 
An appropriate NPWT pressure setting is -125 mmHg. 12/ 12 (100%) 1 1 Yes 
An appropriate NPWT pressure setting is -150 mmHg. 10/12 (83%) 2/12 (17%) 2 I Yes 
An appropriate NPWf pressure setting is -200 mmHg. 2/12 (17%) 10/ 12 (83%) 2 1 Yes 
An appropriate NPWT pressure setting is -250 mmHg. 1/ 12 (8%) 11/12 (92%) 2 1 Yes 
An appropriate NPWT pressure setting is -275 mmHg. 12/12 (100%) 1 1 Yes 
An appropriate NPWT pressure setting is -300 mmHg. 12/12 (100%) I 1 Yes 
An appropriate NPWT pressure setting is -400 mmHg. 12/ 12 (100%) I I Yes 
An appropriate NPWT pressure setting is -500 mmHg. 12/ 12 (100%) 1 1 Yes 
NP\VT pressure should be set on continuous setting. 11 / 12 (92%) 1/ 12 (8%) 2 I Yes 
NP\VT pressure should be set on intennittent setting. 4/12 (33%) 8/12 (67%) 3 2 No 

NP\-VT, negative-pressure wound therapy. 

successfully for abdominal wounds with exposed 
polypropylene or biological mesh'7 It is important 
to emphasize that negative-pressure wound therapy 
with instillation should not be used as a substitute 
for appropriate medical and surgical care. 

Consensus Statement 2: Negative-pressure wound 
therafrY with instillation does not replace debridement 
of the acutely infected, chronically infected, or contami
nated wound (Table 2). 

Negative-pressure wound therapy with instilla
tion is not a debridement modality. The accepted 
standard for the treatment of an infected or 
contaminated wound is excisional debridement 
with irrigation.,a-3J However, negative pressure 
with instillation can help facilitate the removal 
of debris, reduce contamination, expedite infec
tion clearance, and decrease infection recur
rence."·I •. 'O." For example, a patient may have 

Table 6. Negative-Pressure Wound Therapy with Instillation Duration Statements and Survey Results 

Consensus Statement Yes No 
Willy and 

Delphi Consensus Stellar 
An appropriate minimum duration of NPWT with 

instillation is 1 day. 5/12 (42%) 7/12 (58%) 4 2 No 
An appropriate minimum duration of NPWT with 

instillation is 2 days. 8/12 (67%) 4/12 (33%) 3 2 No 
An appropriate maximum duration ofNPWf with 

instillation is 2 days. 4/12 (33%) 8/12 (67%) 4 2 No 
An appropriate maximum duration ofNPVVT \'lith 

instillation is 5 days. 6/12 (50%) 6/12 (50%) 4 2 No 
An appropriate ma.ximum duration ofNPWTwith 

instillation is 10 days. 5/12 (42%) 7/12 (58%) 
An appropriate maximum duration of NPWT with 4 2 No 

instillation is 15 days. 4/ 12 (33%) 8/12 (67%) 4 2 No 
An appropriate maximum duration ofNPWI with 

instillation is 20 days. 2/ 12 (17%) 10/12 (83%) 2 Ves 
An appropriate maximum duration of NPVVT with 

instillation is 25 days. 1!l2 (8%) 11/ 12 (92%) 2 1 Yes 
An appropriate maximum duration of NPvVT with 

instillation is 30 days. 1/12 (8%) 11 / 12 (92%) 2 Yes 
An appropriate maximum duration of NPWI with 

instillation is 40 days. 1/ 12 (8%) 11 / 12 (92%) 2 Yes 
An approptiate maximum duration of NPWf with 

instillation is 50 days. 1/12 (8%) 11/12 (92%) 2 Yes 
An appropdate maximum duration of NPwr with 

instillation is 60 days. 1/ 12 (8% ) 11/12 (92%) Yes 
There is no appropliatc minimum duration ofNPvVT 2 

\\'1th instillation. 4/12 (33%) 8/12 (67%) No 
There is no appropriate maximum duration of NPWT 3 2 

with instillation. 5/12 (42%) 7/12 (58%) No 
NP\rVT. negative-pressure wound therapy. 

3 2 
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Table 7. Summary of Pertinent Publications Related to Negative-Pressure Wound Therapy with Instillation 

Study Wound Type Instillation Solution 

Fleischmann et al. Acute infection, Alternating 
(1998)," case chron ic Nebacetin 
series osteomyelitis (neomycin 

(n = 27) sulfate/ 
bacitracin) 
and Lavasep' 
(polyhexanidum/ 

Wolvos (2004) ," ACllte and 
macrogoium) 

1 %,2% Lidocaine, 
case series chronic bacitracin, 

infections cefazolin , 
(n= 5) Dakin's solution , 

gemamycin. 
tobramycin, 

Bernstein and Tam Postsurgical 
vancomycin 

(2005) ," case 
Saline, polymyxin B, 

diabetic foot bacitracin 
series wounds (1/ = 5) 

Timmers et aI. Posttraumatic Lavasept 
(2009), IR retro- osteomyelitis (polyhexanide 
spective case- (n=30); 0.04%) 
control study control (n = 94) 

Gabriel et aJ. Acute infection Silver nitrate 
(2008),17 retro- (n=15); 
spective case- control (n= 15) 
control study 

Schintler el al. Acute infection Lavasept 
(2009),"" case (n = 15) (polyhexanide 
series 0.04 %) 

Lehner et aJ. Infection in Lavasept 
(2009),'" case perionhopedic (pol)'hexanide 
senes implants 0.04 %) 

Lerner et al. 
(n.=2~) 

Chronic LavClsept 
(2009)," case osteomyelitis (polyhexanide 
series 

KOSIer (2009),'" 
(n = 6) 0.04%) 

Infection in Lavasept 
case series pcriol'thopedic (polyhexanide 

implants 0.04 %) 

Raad el al. (2010) '" 
(n = 10) 

Chroni(: vcnous Dakin 's solution 
case series . wounds (n = 5) (0.125% sodium 

Lehner e, _I. 
hypochlorite) 

(2011 ),,,' case 
Infection in LavasepL 

periorthopedic (polyhexanide 
series implants 0.04%) 

(n - 32) 

~,grosslY infected wound that requires serial 
~bndemenl. Negative-pressure wound therapy 

w~th Instillation can be used as a bridge between 
deb 'd n ements to prepare the wound bed for clo-
Sure or grafting. 

Consensus Statement 3: 111e following (t1"e appmpri-
ate 'nst'llat , . . 1 lOn solutions that can be used WIth negatzve-
rssure wound therapy with instillatiun: (1) I,avawpt 
rlYhexanide 0,04 %), (2) Prontosan (po~vhexllnide 

(:! % plus betaine), lind (3) Microryn/Dermacyn 
,able 3). . 

Negative Duration 
PressuJ'e Instillate of 

Dwell Time NPWT Setting Volume AppJication 
(min) Time (min) (mmHg) (ml) (days) 

30 180 50-6UU 3~\5 (:\0-<17) 

5 180 125 ? I" (:>-~4) 

5 %0 125 ~-~I 

10-1 5 ? ~O(~(iOO :l- H) 2·1 «(>'-110) 

30-to 120 12!l !)1I-7:) ~I.H (!l-20) 

45..-seconcl 
instilla-
Lion with 
I-second 
dwell 

20 ? 4-IH 

15 60 12!) 

20 180-360 
, , ? 

10-15 45-60 ~'J 

10 50 10 

;),,-30 70.~ (30-270) 12:r200 Hi.3 (!J-4h) 

Selection of the appropriate solution mav 
be a critical piece in maximizing the benefi t ,;r 
negative-pressure wound therapy with instillation, 
However, solutions discllssed below have not been 
cleared by the FDA as antimicrobial products. 
Many solutions have been used for instillation. 
Both Lavasept (B. Braun, Inc., Bethlehem , Pa,) 
and Prontosan (B. Braun) contain polyhexameth
ylene biguanide, which has shown broad-spectrum 
antimicrobial activity.:I:l-36 Prontosan contains an 
added component of 0.1 % betaine, a surfactant 
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that has been reported to cause more than 5-log 
bacterial growth reduction in vitro." The combi
nation of an antimicrobial and a surfactant may 
have the increased benefit of dissolving biofilm 
and is well tolerated."·"·'" Lee et al.'· reported 
that polyhexamethylene biguanide is particularly 
effective in inhibiting Gram-positive bacterial 
growth but has less efficacy against Gram-negative 
bacteria in an in vitro model. Polyhexamethylene 
biguanide has been reported to be as effective as 
chlorhexadine in decreasing a particularly resis
tant Pseudomonas acruginosa biofilm." Negative
pressure wound therapy with polyhexamethylene 
biguanide solution has been used effectively as 
an adjunct therapy for infections in the environ
ment of osteomyelitis and peri prosthetic infec
tions, with an implant salvage rate greater than 80 
percent. 1H,2().24-21i 

Microcyn (Oculus Innovative Sciences, Peta
luma, Calif.) and Dermacyn (Oculus Innovative 
Sciences) are composed of neu tral-pH electro
lyzed/superoxidized water with hypochlorous acid 
(dissolved chlorine in water). Microcyn wound 
irrigation has been reported to be as effective as 
orallevofloxacin in the treatment of mild diabetic 
foot wound infections.42 Goretti et al. 43 reported 
decreased infection recurrence rates in postsurgi
cal diabetic foot ulcers using daily Dermacyn irri
gation as compared with povidone iodine. Similar 
to polyhexamethylene biguanide, Microcyn has 
been reported to produce a greater than 3-log 
reduction in P. acruginosa biofilm and an 8-log 
reduction in Escherichia coli, Staphylococcus aureus, 
and Candida albicans in the in vitro model. 44.45 

Microcyn and Dermacyn have been used effec
tively and safely as the solution of choice for nega
tive-pressure wound therapy with instillation.27 

Although the above solutions received the 
highest level of consensus, other instillation solu
tions have been used by the expert panel, notably 
0.25% and I % diluted acetic acid, diluted iodine, 
and 0.125% sodium hypochlorite (Dakin's solu
tion). Furthermore, antibiotics alone, as well as 
cocktails utilizing antibiotics mixed with local 
anesthetics (l %,2% lidocaine plain) , have been 
used to address painful wounds.I<,21.22 The toxicity 
levels, for both the antibiotic and local anesthetic 
have not been thoroughly studied for this type of 
mixed solution. Normal saline has also been used 
for instillation. Negative-pressure wound therapy 
with normal saline instillation has been reported 
to potentiate granulation tissue formation at a 
higher rate in the acute excisional porcine wound 
model.'· Silver nitrate solution has also been used 
in conjunction with negative-pressure wound 
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therapy. Gabriel et al. 17 reported a significant dif
ference in the percentage of Gram-positive bac
terial infection clearance for negative-pressure 
wound therapy and silver nitrate instillation as 
compared with wet-to-moist wound dressings. Sil
ver nitrate should be handled with care due to its 
toxic and corrosive characteristics and must be 
protected from exposure to light. Therefore, this 
solution may not be practical for frequent use. It 
is important to consider the goals of the therapy 
when selecting an instillation solution, taking into 
account the solution's potential toxicity, activity, 
availability, and cost. 

Consensus Statement 4: An appropriate range of 
instillation dwell time is 10 to 20 minutes (Table 4). 

The dwell (soak) refers to the length of time 
the instillation solution is in contact with the 
wound bed when negative pressure is not being 
applied. A balance must be sttuck between dwell 
time and the length of time in which negative 
pressure is applied. A longer dwell time results in 
a shorter period of time when the wound expe
riences negative pressure. Shorter negative pres
sure times may result in decreased positive effects 
of negative pressure on the wound bed. A longer 
dwell time may result in a higher risk of surround
ing tissue maceration or instillation solution leaks. 

The optimal dwell time is not clear in the pub
lished literature (Table 7). In vitro evidence evalu
ating the effect of various antimicrobial/antiseptic 
solutions on various types of bacteria and yeast 
suggests that longer contact times (>10 minutes) 
result in decreased microbial counts.""· However, 
there is currently no evidence that evaluates dw~ll 
time and its relationship to antimicrobial actlVlty 
when a solution is used in combination with nega
tive-pressure wound therapy. 

Consensus Statement 5: A n appropriate volume of 
instillation solution used is until the foam is visibly sat
urated (Table 4). 

The ideal volume of instillation solution is 
particularly elusive due to wound size variations 
complicated by tunneling and irregular dimen
sions. Too much solution may cause difficulty in 
maintaining a seal with the occlusive dressing and 
could cause maceration of the surrounding tissue. 
Insufficient volume will not allow enough solution 
to bathe the entire wound surface. Therefore, a 
recommendation for an absolute volume of solU
tion is not possible. The recommendation of this 
panel is to monitor the foam until it is completely 
saturated (indicated by a darker color change) 
and begins to raise the occlusive dressing. . 

Consensus Statement 6: An appropriate negatIVe 
pressure time phase is 1 to 2.5 hours (Table 5). 
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There is variability in the length of time that 
negative pressure should be applied to the wound 
surface. The minimum or maximum length of 
time is still undetermined. The novelty of the 
negative-pressure wound therapy with instillation 
technology is the combined benefit of negative 
pressure and instillation of a solution. Ideally, you 
do not want to compromise' the positive effects of 
either component. Beyond the well-established 
beneficial effects of negative pressure, there may 
also be additional antimicrobial effeets as welL 
Ngo et aL'9 reported that in an in vitro P. aeruginosa 
biofilm model, negative pressure alone may have 
a significant inhibitory impact on biofilm. Thus, 
the combination of negative pressure with a solu
tion may have an additive antimicrobial effect For 
large wounds, negative pressure times can lead to 
frequent solution exchange, emptying of the con
tainer, and placement of the new solution con
tainer, which may lead to compliance issues. 

Consensus Statement 7: An aptropriate press'UTe set
ting Jor negative-pressure wound therapy with instilla
tion is -125 mmHg and -150 mmHg (Table 5). 

There is no need to deviate from the standard 
settings for negative-pressure wound therapy. 
There was strong agreement among the consen
sus panelists that negative pressures greater ~a~ 
200 mmHg are not necessary. Morykwas et aL';o·" 
suggested that pressures that are lower or higher 
than 125 mmHg result in a significant decrease 
in formulation of granulation tissue. However, 
Timmers et aL'" reported the use of negative 
pressures ranging from 300 to 600 mmHg when 
utilizing negative pressure with instillation. They 
reported a significant difference in the recUl~ 
rence of infection (10 percent versus 58.5 per
cent), number of surgical procedures (two versus 
five), and length of hospital stay (36 days versus 
73 days) in the negative pressure with instilla?on 
group compared with the patients who receive? 
standard care. It is important to note that III thiS 
report, the investigators utilized a hydrophobiC 
foam (polyvinyl alcohol) rather than the more 
c~mmonly used hydrophilic foam. Desplt~ thiS 
Single, small, retrospective study, the m'!lonty of 
published studies indicate that a negative pressur~ 
arOund 125 mmHg is sufficient to produce POSI
tive results (Table 7). Although there is a single 
report" of using negative pressure settings bel~w 
125 mmHg with instillation, the panelIsts were m 
agreement that lower settings may result III sulr 
Optimal effects on the wound bed as descnbed by 
Morykwas et aL',fl." Therefore, negative pressures 
below 125 mmHg were not included as part of the 
consensus survey. 

Consensus StaJemenJ 8: An ap/Jw/JrifJtl' .I·plling .Ii,,. 
negative pressure is continuolls, nol inlmnitltml (I"M· 5). 

This statement refers to the period wlwn 
negative pressure is applied. It has heen reported 
that intermittent negative pressure is more ben
eficial to the wound bed than continllolls nega
tive pressure."'""" The consensus panel, as well as 
the published literature on negative pressure with 
instillation, is in agreement that continuous pres
sure is the preferred method for several reasons 
(Table 7). Obviously, negative-pressure woulld 
therapy is interrupted during dwell times. There
fore, some degree of intermittence is inherent. As 
a practical matter, there may be concern ahout 
the more frequent release of suction during con
tinuous negative pressure, which increases Ihe 
chance of loss ofa seal with the occlusive dressillg. 
This may lead to the increased possibility of Illac
eration to the surrounding tissue as well increased 
time spent troubleshooting leaks. 

Consensus Statement 9: The px(u:l mini'llWHl and 
maximum durations oj negative jlressu11' wuund iJu!mt')' 
with instillation vary (Table 6). 

There are no absolute minimum or maximum 
durations for the use of negative-pressure wound 
therapy with instillation. Duration of therapy 
depends on the goals of therapy, including con
trol of bacteria and wound bed preparation for 
wound closure. Negative pressure with instilla
tion for less than 1 day may not he a good use 
of this type of treatment due to the short dura
tion. Furthermore, indefinite use is also not clini
cally or economically prudent. Generally, negative 
pressure with instillation may be used until the 
wound is deemed ready for the next stage of treat
ment, which may be closure, grafting, or healing 
through secondary intention . Sound clinicaljudg
ment should be used to determine the total dura
tion of therapy. 

The guidelines presented in this consellSIlS 
document provide a general framework fiB' the 
use of negative-pressure wound therdpy with instil
lation. Although peer-reviewed publicatiolls were 
used whenever a\'ailable to support the consensus 
statements, this article should not be viewed as an 
evidence-based approach. Precisely because there 
is a paucity of e"idence for th.e u~e ~f negatil"e
pressure wound therapy With lIlstdlauon,. a con
sensus panel composed of experts on thiS tOpiC 
was convened, ,,~th the results presented in this 
article. There are ob\~ous limitations to using a 
consensus panel, particularly the relatively small 
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number of panelists. As noted in the Methods sec
tion, a rigorous consensus-building process such 
as the Delphi method was not undertaken. Such a 
process provides the ability to distill essential state
ments on which a large majority can agree. Panel 
members brought their unique clinical biases 
based on their individual experiences, which 
influenced the consensus statements. During the 
face-to-face meeting, these biases may have influ
enced other members to conform by providing a 
convincing argument favoring their opinion. A 
robust consensus panel consists of a large number 
of panelists in order to dilute individual prefer
ences that are potentially outliers. These outliers 
would significantly influence the calculation for 
consensus, which would be especially true in our 
case due to the limited number of panelists. The 
statements contained in this document reflect 
those that persisted despite the influence of outli
ers. Hence, having a limited number of panelists 
can be viewed as a strength rather than a weakness. 

The statements contained within this docu
ment provide a minimal set of guidelines for the 
use of negative-pressure wound therapy with instil
lation. To our knowledge, this is the first consensus 
document attempting to better define the use of 
negative pressure with instillation. This adjunctive 
modality holds promise in the treatment of chal
lenging wounds due to its dual benefit of negative 
pressure and instillation of an antimicrobial solu
tion. Modification of this consensus document 
will be required as knowledge is accumulated 
through robust peer-reviewed publications. With 
a growing body of evidence, further refinement of 
the parameters for using negative pressure wound 
therapy with instillation will be established. 

Chrisropher E. Attinger, M.D. 
Deparunent of Plastic Surgery 

Georgetown University Hospital 
3800 Reservoir Road, NW 

Washington, D.C. 20007 
cattinger@aol.com 
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