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viscosity of the exudates from the 
wound bed is decreased, which then 
allows negative pressure to help facili-
tate its removal.2

Methods
	 In our practice, wounds are as-
sessed for the presence of any non-
viable tissue or local infection. Initial 

wound cultures are often taken prior 
to the initiation of any antibiotic ther-
apy. Broad-spectrum antibiotic cov-
erage is initiated and adjusted ac-
cordingly at a later date when culture 
speciation and antibiotic sensitivities 
are obtained. Appropriate surgical 
debridement of wounds is oftentimes 
necessary prior to the initiation of 
negative pressure wound therapy 
with instillation. Pre-debridement 
and post-debridement cultures are 
obtained intra-operatively to confirm 

Introduction
	 Negative pressure wound therapy 
has been used for several years in 
the assistance of wound healing for 
many types of wounds on the body. 
Its use in wound healing of diabet-
ic foot ulcers has been reported in 
several published studies. The use 
of negative pressure wound therapy 
is recommended in highly exudative 
wounds with increased slough for-
mation as well as wounds that are 
acutely infected requiring surgical 
debridement. Some key mechanisms 
of negative pressure wound therapy 
are to promote wound healing by 
drawing wound margins together, 
reducing edema, and promoting gran-
ulation tissue formation.
	 Studies have shown that this ther-
apy increases cellular activity by the 
stretching of cell cytoskeleton causing 
a release of intracellular messengers 
which then leads to an increase in 
granulation tissue.1 However, wound 
healing in some acutely infected 
wounds may be difficult to obtain 
with negative pressure wound therapy 
alone. Negative pressure wound ther-
apy with instillation has been intro-
duced as an additional treatment mo-
dality for infected wounds that have 
not responded to other conventional 
wound treatment therapies.

Goals of Therapy
	 The goals of negative pressure 
wound therapy with instillation in-
clude decreasing the amount of bio-
film on the infected wound bed, in-
creasing granulation tissue formation 
for closure or grafting of the wound, 
decreasing the length of hospital stay, 
and aiding in limb salvage. The use of 

negative pressure wound therapy with 
instillation involves irrigating and 
soaking the wound with the fluid of 
choice for a specific amount of time, 
removal of the fluid with negative 
pressure at specified timed intervals, 
and repeating this cyclic process for 
the duration of therapy that the foam 
dressing remains intact on the wound 
bed. Irrigating the wound with top-
ical solutions helps locally cleanse 
the wound and decrease the amount 
of bacterial burden. By soaking the 
wound with the topical solution, the 

This modality plays a positive role in wound healing 
and assists with wound closure.
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sterile saline was mainly from the 
bacteria (unattached to the wound) 
that were removed. Instillation with 
10% povidone iodine, 1% povidone 
iodine, 0.1% polyhexamethylene 
biguanide, 0.2% polydiallyldemeth-
ylammonium chloride, and 0.05% 
chlorhexidine gluconate all signifi-
cantly reduced the total colony-form-
ing units (CFUs) compared to the 
untreated control group and the neg-
ative pressure wound therapy with 
instillation of the saline group.
	 Instillation with 10% providone 
iodine reduced CFUs by 5-log com-
pared to the control group, which 
was the most reduction of bacteri-
al load compared to the other anti-
microbial solutions used. Compared 

to the saline instillation group, the 
0.1% polyhexamethylene biguanide 
group and 0.2% polydiallyldemeth-
ylammonium chloride reduced CFUs 
by 4-log, 0.05%. Chlorhexidine glu-
conate and L-solution reduced CFUs 
by 3-log, and 1% providone iodine 
reduced CFUs by 2-log, which were 
all statistically significant.
	 The use of antimicrobial solu-
tions effectively reduced the bacterial 
load of the wound by mechanically 
reducing unattached bacteria, as well 
as increasing the destruction of the 
biofilm of bacteria for removal.

Discussion
	 Currently, there is minimal pub-
lished research data on the use of 
negative pressure wound thera-
py with instillation on diabetic foot 
wounds. Most of the publications in 
literature are case reports and small 
case series.
	 Kim, et al.5 presented a study that 
compared the outcomes for patients 
who received the negative pressure 
wound therapy with instillation com-
pared to patients who received the 
negative pressure wound therapy 
alone. They looked at the number 

that the wound is clean of infectious 
materials and adequate debridement 
was done.
	 Following surgical debridement 
of nonviable tissue, it is important 
to obtain hemostasis prior to plac-
ing the foam dressing on the wound 
bed. The negative pressure unit is 
connected to the wound site, and 
then the settings for amount of soak-
ing time of instillation fluid and the 
amount of time for negative pressure 
therapy are determined.
	 The foam dressings on the 
wound bed are changed every three 
to four days, and the wound is in-
spected and reassessed at that time. 
If there is no evidence of clinical 
infection and post-debridement cul-
tures are negative for any infectious 
micro-organisms, then negative pres-
sure therapy may be continued or 
closure of the wound may be done. 
However, if clinical infection is per-
sistent and post-debridement cul-
tures are positive for infectious mi-
croorganisms, then repeat surgical 
debridement is necessary. Patients 
may undergo several surgical de-
bridements of wounds until a clean 
wound free of infectious micro-or-
ganisms is obtained.
	 Negative pressure wound therapy 
with instillation should be continued 
until there is adequate granulation 
tissue coverage. It is discontinued 
once the wound is ready for an alter-
native treatment therapy, closure of 
the wound, or coverage with grafting.

Irrigation Solutions
	 There have been several differ-
ent topical solutions that have been 
used for irrigation as noted in recent 
literature, including Dakin’s solution, 
acetic acid, and solutions with var-
ious antibiotics.3 There are no stud-
ies in the literature that confirm the 
superiority of one solution to use as 
instillation on wounds.
	 Gabriel, et al.1 described a pilot 
study on the use of negative pressure 
wound therapy with instillation in 
15 patients that compares the use of 
normal saline, sterile water, and sil-
ver nitrate solution. The authors con-
cluded that silver nitrate was useful 
in preventing further bacterial pen-

etrance by acting as a barrier, thus 
prevented recurrent infections during 
the length of therapy; it also helped 
decrease odor and pain at dressing 
changes.
	 Back, et al.3 reviewed the current 
literature on the various solutions 
that have been reported as instilla-
tion solutions. The authors conclud-
ed that polyhexanide and acetic acid 
solutions are best used for acute and 
chronic wounds, and providone io-
dine is a solution that may be used 
as prophylaxis for virally infected 
wounds.
	 Phillips, et al.4 assessed the ef-
fect of several various antimicrobial 
solutions on mature Pseudomonas 
aeruginosa on a porcine skin explant 

biofilm model utilizing negative pres-
sure wound therapy with instillation. 
The different antimicrobial solutions 
tested in this study included sterile 
saline, 10% providone iodine, 1% 
providone iodine, 0.1% polyhexam-
ethylene biguanide, 0.2% polydial-
lyldimethylammonium chloride, and 
0.05% chlorhexidine gluconate. Ster-
ile porcine skin explants were pre-
pared and then inoculated with 106 
colony-forming units of Pseudomo-
nas aeruginosa POA1 bacteria.
	 Treatment with negative pres-
sure wound therapy with instillation 
included a 10-minute soak time with 
the antimicrobial solution, followed 
by four hours of negative pressure 
at negative 125 mm Hg over a 24-
hour period for a total of six cycles 
of instillation. It was found that neg-
ative pressure wound therapy alone 
reduced the amount of bacterial load 
by less than 1-log compared to the 
untreated control group. This was 
not statistically significant; howev-
er, negative pressure wound therapy 
with instillation of sterile saline re-
duced bacterial load by 1-log, which 
was statistically significant.
	 The authors note that the reduc-
tion of bacterial load by the use of Continued on page 130
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of negative pressure wound thera-
py with instillation of polyhexanide 
solution in two cases. The first case 
involved a patient with wet gangrene 
to the 4th and 5th rays of the right 
foot with compartment syndrome 
of the plantar midfoot and critical 
limb ischemia. The second case in-
volved a patient with wet gangrene 
to the 4th ray of the right foot with 
necrotizing fasciitis of the lateral leg 
and critical limb ischemia. Methicil-
lin-resistant Staphylococcus aureus 
(MRSA) was isolated in both pa-
tients, with additional Serratia marc-
escens in the second patient as well. 
Both patients received appropriate 
antibiotic treatment.
	 Negative pressure wound therapy 
with instillation was used in both 
cases after surgical debridement with 
a 15-minute soak time utilizing poly-
hexanide and 2 hours of negative 
pressure at -125mmHg until evidence 
of granulation tissue was obtained 
to allow for application of dermal 
substitute or skin grafting. The au-
thor demonstrated examples of the 
successful use of negative pressure 
wound therapy with instillation; 
however, they suggest that larger 
studies are needed to determine its 
efficacy.

Summary
	 From the available early clini-
cal data, it appears that the use of 
negative pressure wound therapy 
with instillation plays a positive role 
in wound healing and assists with 
wound closure. There have been sev-
eral studies that show its use decreas-
es the amount of biofilm on the infect-
ed wound bed, increases granulation 
tissue formation for closure or grafting 
of the wound, decreases hospital stay, 
and aids in limb salvage. The addition 
of instillation with various antimicro-
bial solutions with negative pressure 
therapy has been shown in ex vivo 
porcine models to not only facilitate 
the removal of unattached bacteria 
on the wound but also increase the 
destruction of attached biofilm of bac-
teria for removal.
	 Further studies in relevant pa-
tient populations are necessary to 
evaluate the clinical utility of the 
various antimicrobial solutions on 

of visits to the operating room, the 
length of hospital stay, the time to 
final surgical procedure during hos-
pital admission, the percentage of 
surgical wounds closed prior to dis-
charge, the percentage of wounds 
that continued to be closed 30 days 
after discharge, and the reduction in 
micro-organisms in the wound.
	 There were a total of 142 pa-
tients included in the study with 74 
of those patients in the negative pres-
sure wound therapy group, 34 pa-
tients in the 6-minute dwell time neg-
ative pressure wound therapy with 
instillation group, and 34 patients in 
the 20-minute dwell time negative 
pressure wound therapy with instilla-
tion group.
	 The authors found a lower num-
ber of visits to the operative room 
with both the 6-minute and 20-min-
ute dwell time negative pressure 
wound therapy with instillation com-
pared to the negative pressure wound 
therapy group, shorter length of hos-
pital stay in the 20-minute dwell time 
instillation group compared to the 
no instillation group, shorter amount 
of time to final surgical procedure 
during hospital admission in both the 
6-minute and 20-minute dwell time 
groups compared to the no instilla-
tion group, and higher percentage of 
wounds closed prior to discharge in 
the 6-minute dwell time group com-
pared to the no instillation group, 
which were all statistically significant.
	 There was no statistical differ-
ence in the reduction in micro-or-
ganisms between the two groups; 
however, when gram-negative bacte-
ria, Corynebacterium, and yeast were 
excluded, there was a statistically sig-
nificant improvement with the 6-min-
ute dwell time instillation group com-
pared to the no instillation group. 
The authors use a combination solu-
tion, Prontosan, consisting of 0.1% 
polyhexanide and 0.1% betaine as 
the instillation solution in this study. 
Polyhexanide has been shown to be 
less effective in gram-negative bac-
teria, which is consistent with the 
results of this study. The results from 
Georgetown suggest that negative 
pressure wound therapy with instilla-
tion is a more viable option than neg-

ative pressure wound therapy alone 
to decrease length of hospitalization 
and micro-organisms in infected in-
patient wounds.
	 Brinkert, et al.6 reported the use 
of negative pressure wound thera-
py with instillation utilizing saline 
solution only in 131 patients with 
wounds of various etiologies. The 
etiology of wounds presented in this 
study include open fracture, infected 
hematoma, pressure ulcer, non-heal-
ing postoperative dehiscence, diabet-
ic foot ulcer, necrotizing fasciitis, lim-
ited exposure to hardware, and leg 
ulcer. Depending on the wound and 
the patient, 20 to 30 ml of saline was 
instilled through the wound with the 
appropriate volume of fluid set man-
ually. The soak time was set for 10 
minutes and negative pressure was 
set between 4 to 12 hours, with an 
average of 4 instillation cycles every 
24 hours. Dressings were changed 
every 3 days with an average pe-
riod of use of 12 to 19 days total. 
There were 128 out of 131 wounds 
that were closed. These wounds were 
closed by skin graft in 74%, skin flap 
in 22%, and primary closure in 32%.
	 This study demonstrates that reg-
ularly instilled saline solution alone 
was adequate enough to allow gran-
ulation tissue and wound healing to 
occur in various wounds. The au-
thors recommend that further studies 
are needed to determine if any spe-
cific antimicrobial solutions used for 
instillation may be appropriate.
	 Timmers, et al.7 utilized negative 
pressure wound therapy with instil-
lation of polyhexanide solution in 
59 patients for osteomyelitis of the 
pelvis or lower extremity compared 
to 94 control patients who received 
historical standard surgical debride-
ment, systemic antibiotics, and im-
plantation of gentamicin beads. The 
principle bacterial specimens isolated 
as the cause of osteomyelitis were 
Staphylococcus aureus and Pseu-
domonas aeruginosa. The authors 
found that the patients treated with 
negative pressure wound therapy 
with instillation had a shorter length 
of hospital stay, decreased rate of 
recurrence of infection, and quicker 
closure of wound compared to the 
historical control group.
	 Dalla Paola8 described the use Continued on page 132
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nide antiseptic solution instillation in post-
traumatic osteomyelitis. Wound Repair 
and Regeneration 2009;17(2):278-286.
	 8  Dalla Paola L. Diabetic foot wounds: 
the value of negative pressure wound 
therapy with instillation. Int Wound J 
2013;10(suppl 1):25-31.

infected wounds. These studies will 
also need to evaluate the degree of 
cytotoxicity of specific solutions to 
assure their safety in wound healing 
protocols. The use of negative pres-
sure wound therapy with instillation 
appears to be emerging as a viable 
option to aid in wound closure and 
limb salvage. PM
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