
Copyright © 2015  The Korean Society of Plastic and Reconstructive Surgeons
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 
licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. www.e-aps.org

59

O
riginal Article

INTRODUCTION

Chronic wounds, which typically result from medical condi-

tions, nutritional deficiencies, infections, and metabolic disor-
ders, involve intensive and time-consuming treatments. Al-
though recent medical advances have prolonged life, the diffi-
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cult-to-heal wounds (i.e., sores and dia betic feet) that accompa-
ny chronic disease states have increased in incidence, commen-
surate with the expanding elderly population. Such wounds are 
often infected by highly virulent bacterial organisms, namely 
methicillin-resistant Staphylococcus aureus (MRSA) and Pseudo-
monas aeruginosa, that colonize biofilms and complicate treat-
ment [1,2].

Negative-pressure wound therapy (NPWT), which deters the 
accumulation of fluid at wound sites through continuous drain-
age, makes daily dressing changes unnecessary, improves re-
gional blood flow, and reduces bacterial proliferation, thus limit-
ing the opportunity for infection. At the cellular level, NPWT is 
also known to encourage collagen synthesis, angiogenesis, and 
granulation tissue formation [3-5]. Unfortunately, NPWT with 
polyurethane foam has the limitation that it is mainly used for 
wounds with controlled infection after procedures such as ne-
crotic tissue debridement.

Acetic acid, on the other hand, creates weakly acidic or neutral 
states in wounds that boost oxygen saturation, and healing is 
promoted by the degradation of surface biofilms [6-9]. Because 
acetic acid soaks require at least two dressing changes daily, neg-
ative-pressure dressings seemed an ideal pairing, facilitating acid 
instillation by design. Therefore, we assessed the clinical benefit 
of combining both elements in several test patients with recalci-
trant chronic sores.

METHODS

Patients
Three patients were studied, all of whom suffered treatment-re-
fractory ( > 3 weeks), non-healing, and bacteria-laden wounds 
between September 1, 2011 and June 30, 2012. The following 
parameters were grounds for exclusion: 1) malignant tumors, 2) 
systemic inflammatory diseases, 3) medications that might delay 
wound healing (i.e., steroids, immunosuppressants, or chemo-
therapy), 4) uncontrolled diabetes (blood glucose > 200 mg/
dL), 5) nutritional deficiencies, and 6) poor vital signs.

Methods
Wound dressing procedure
Eight holes (3 mm across) were made in the last 10 cm of con-
ventional intravenous lines, which were circularly placed atop 
wounds. Ports for acetic acid injection were made outside the 
vacuum dressings and were maintained aseptically (Fig. 1). For 
a period of three weeks, vacuum-assisted closure (Kinetics Con-
cepts Inc., San Antonio, Texas, USA) dressings were routinely 
applied under continuous pressure (125 mm Hg) and changed 
twice weekly. NPWT and compressive dressings were used ex-

clusively during the treatment phase, irrigating wounds twice 
daily with 30-mL aliquots of 1% acetic acid solution. Because 
these patients had severe wound infection, we performed full 
debridement, including removing a little healthy tissue in the 
first stage, and performed debridement using curettage twice a 
week during the three weeks of NPWT. Wound size and pH 
were determined pre- and post-treatment. The debrided tissue 
was used for histological assessment and quantitative real-time 
polymerase chain reaction (RT-PCR) studies.

Wound size, pH, and culture protocols
The wound size (with photographs) was measured at the base-
line and then weekly (weeks 1–3) during the combination of 
NPWT and acetic acid irrigation. Two-dimensional wound siz-
es were recorded. Wound bursae were then identified (drawn 
with markers on aseptic films) and reproduced for scanning at 
constant resolution (300 dpi), with areas calculated using the 
ImageJ software (National Institutes of Health-Scion Co., 
Bethesda, MD, USA).

Wound pH was determined using color-coded litmus test pa-
per (Advantec, Toyo Roshi Kaisha Ltd., Tokyo, Japan) weekly. 
Three physicians confirmed each test result.

Tissue culture was performed at initial wound debridement 
and 1, 2, and 3 weeks after combined NPWT/acetic acid irriga-
tion. Microbial proliferation was gauged as much, some, little, or 
no growth.

Histological examination
Histological studies were conducted before and after therapy, 
using 3-mm rims of tissue obtained from the wound margins at 
debridement for routine hematoxylin and eosin (H&E) setions 

A port of acetic acid injection was secured aseptically outside a 
negative-pressure dressing. Conventional intravenous lines were 
placed under the vacuum dressing. NPWT, negative-pressure wound 
therapy.

Fig. 1. Use of NPWT and acetic acid irrigation
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(as general reference) and immunohistochemical staining of 
CD31 (ab28364, Abcam, Cambridge, MA, USA), CD45 
(ab10558, Abcam), and Ki-67 (ab15580, Abcam) molecular 
markers. All samples were formalin fixed and paraffin embed-
ded. Standard indirect immunoperoxidase procedures (avidin-
biotin-peroxidase complex) were followed for the various im-
munostains. The Ki-67 marker was targeted first. After blocking 
any antibody to CD31 (1:20 dilution), sections were incubated 
at 4°C overnight. CD31-positive cells were identified by red cy-
toplasmic staining, and brown nuclear staining indicated cells 
positive for Ki-67. To gauge angiogenesis, the capillary density/
high-power field was calculated from five fields in CD31-im-
munostained sections, using medians of three values (maxi-
mum and minimum values excluded). Cellular proliferation 
was determined using Ki-67 and CD45 markers. Photomicro-
graphs (200 × ) of each Ki-67-immunostained slide were ob-
tained at five fields, using imaging analysis software (Meta-
Morph, Universal Imaging Co., Downingtown, PA, USA) to 
quantify the stained cells. Medians were generated from three 
values, excluding maximum and minimum values [10].

Quantitative real-time polymerase chain reaction
Two specimens each were harvested during the initial and the 
last debridement. A specimen was divided into five samples. 
The total RNA was extracted from cells cultured in a monopha-
sic solution of phenol and guanidine isothiocyanate (TRIzol re-
agent, Life Technologies-Invitrogen, Milan, Italy). In brief, the 
cells were lysed by adding 1.0 mL of an extraction reagent, and 
the total RNA was isolated according to the manufacturer’s in-
structions. Complementary DNA was synthesized from 400 ng 
of total RNA per sample through 12-cycle (30 seconds at 37°C, 
4 minutes at 48°C, and 30 seconds at 55°C) and 1-cycle (10 
minutes at 95°C) incubations by using Moloney murine leuke-
mia virus reverse transcriptase (AccuPower RocketScript Cycle 
RT PreMix, Bioneer Co., Daejeon, Korea) and oligo (dT) prim-
ing. Amplification was performed in a programmable thermal 
controller (MyGenie 96 Gradient Thermal Block, Bioneer Co.) 
by using recombinant Taq DNA polymerase (AccuPowe Green-
Star PCR PreMix, Bioneer Co.). Parallel amplification of 
cDNA for the housekeeping enzyme, glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), served as the internal con-
trol. To enable semiquantitative between-sample comparisons, 
serial three-fold dilutions of cDNA (corresponding to 100–1.2 
ng of the total) were subjected to increasing PCR cycles (23–
40), thus defining the linear amplification range of each primer 
set. All cDNA samples were then amplified at cycle numbers 
optimal for the genes of interest. This was 40 cycles (5 seconds 
at 95°C, 25 seconds at 58°C, and 30 seconds at 72°C) for vas-

cular endothelial growth factor A (VEGFA), vascular endothe-
lial growth factor receptor (VEGFR), procollagen, hypoxia-in-
ducible factor 1 alpha (HIF-1-α), matrix metalloproteinase 1 
(MMP-1), matrix metalloproteinase 3 (MMP-3), matrix me-
talloproteinase 9 (MMP-9), and tissue inhibitor of metallopro-
teinase (TIMP) and 24 cycles (5 seconds at 95°C, 25 seconds 
at 58°C, and 30 seconds at 72°C) for procollagen and GAPDH, 
each preceded by a 10-min denaturation step at 95°C and fol-
lowed by a 2-minute elongation step at 65°C. Results were ex-
pressed as percentages of signals obtained from the parallel am-
plification of GAPDH in the same RT product. To quantify 
bands, ImageJ software (National Institutes of Health-Scion) 
was used [11-14].

Ethical considerations
All research involving human participants was approved by the 
Institutional Review Board of a single facility (IRB No.11-010), 
and all clinical investigations were aligned with the Declaration 
of Helsinki principles. Prior to the analysis, all patient data re-
mained anonymous. Written approval to use the accompanying 
photographs in research, presentations, and publications was 
provided by the patients.

Statistics
The Wilcoxon signed-rank test and paired T-test were used for 
our purposes. Both methods are used to compare matched sam-
ples, such as change from one time point to another or exposure 
to more than one condition. The analysis relied on standard 
software (IBM SPSS ver. 21, IBM Co., Armonk, NY, USA).

RESULTS 

Wound size, pH, and culture
All three patients had sacral sores, ranging in duration from 6 to 
24 months. Wound sizes of 24 cm2, 15 cm2, and 8 cm2 at base-
line dropped to 13.5 cm2 (44% lower) (Fig. 2), 12 cm2 (25% 
lower) (Fig. 3), and 6 cm2 (25% lower) (Fig. 4), respectively. 
Bursa sizes also declined 30% (61.75 → 43.75 cm2), 33% (30 → 
20 cm2), and 20% (20 → 16 cm2), respectively (Table 1).

In all three wounds, pH levels that were strongly alkaline at 
baseline (9.0, 10.0, and 8.0) became weakly alkaline or neutral 
(8.0, 8.0, and 7.0, respectively) after treatment. Proteus mirabilis, 
Escherichia coli, Streptococcus, MRSA, and Candida albicans were 
variably isolated from each of the three wounds. Over time, colo-
nization either declined or cleared (no growth) (Table 1).

Histological examination
H&E-stained tissue sections showed increased collagen deposi-



Jeong HS et al.  Negative-pressure therapy with acetic acid

62

tion (40 ×  and 100 ×  views). Post-treatment immunostaining 
of CD31 (P = 0.035) and Ki-67 (P = 0.028) markers increased 
significantly (Figs. 5, 6), although slight reduction or no change 
in immunostaining of CD45 (P = 0.142) was observed (Wil-

coxon signed-rank test).

Quantitative real-time polymerase chain reaction
In the aftermath of the treatment, the expression of VEGFA 

Fig. 3. Patient 2

A B

Photographs at (A) baseline and (B) after the three-week treatment period.

Fig. 2. Patient 1

A B

Fig. 4. Patient 3

Photographs at (A) baseline, (B) after initial debridement, and (C) following the three-week treatment.

A B C

Photographs at (A) baseline and (B) after the three-week treatment period.

A B

A B
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mRNA decreased significantly (P < 0.001) and that of VEGFR 
mRNA increased significantly (P < 0.001), as did procollagen 
synthesis (P < 0.001) and MMP-1 levels (P < 0.001), whereas 
HIF-1-alpha levels declined (P < 0.001). MMP-3 levels did not 
differ significantly, but MMP-9/TIMP ratio ratios declined sig-

nificantly (P = 0.016) after therapy (paired t-test) (Fig. 7).

Complications
No complications, such as bleeding or hematoma, were encoun-
tered during the three-week course of NPWT. Infection was 

Fig. 5. Comparison of vascular proliferation (immunostaining of CD31)

Vascular ingrowth (200× ) at baseline (A) and after the three-week treatment period (B) visibly increased, denoted with black arrow at the vessel. 
Immunostaining of CD31 (C) significantly enhanced post-treatment (sample size of each group, n=15; a)P<0.05, Wilcoxon signed-rank test). Pre, 
pre-treatment; Post, post-treatment.
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Fig. 6. Comparison of collagen synthesis (immunostaining of Ki-67)

Collagen synthesis (200× ) at baseline (A) and after the three-week treatment period (B); abundance of collagen is shown by black arrow. Immu-
nostaining of Ki-67 (C) significantly enhanced post-treatment (sample size of each group, n=15; a)P<0.05, Wilcoxon signed-rank test).
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Table 1.  Comparison of wound area, bursa, pH, and wound culture 

Case 
no.

Wound area (cm2) Bursa (cm2) pH Culture

0 wk 1 wk 2 wk 3 wk 0 wk 1 wk 2 wk 3 wk 0 wk 1 wk 2 wk 3 wk 0 wk 1 wk 2 wk 3 wk

   1 24 23 17.5 13.5 61.75 53.5 51 43.75 9.0 7.0 8.0 8.0 Proteus mirabilis, 
Escherichia coli 

(many)

Proteus mirabilis, 
Escherichia coli 

(few)

Proteus mirabilis, 
Escherichia coli 

(some)

MRSA (few)

   2 16 15 12.5 12 30 28.5 22 20 10.0 9.0 8.0 8.0 MRSA (many) MRSA (many) MRSA (few) MRSA (few)

   3   8   7 7 6 20 19 17 16  8.0 7.5 8.0 7.0 Candida albicans 
(few)

Streptococcus 
(few)

No growth No growth

  MRSA, namely methicillin-resistant Staphylococcus aureus.
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controlled, enabling flap surgery and discharge in each instance, 
without postoperative infection or wound dehiscence.

DISCUSSION

Inflammation, proliferation, and maturation are distinct phases in 
the progression of wound healing, displaying a regression curve 
over time with a graded effect [15]. Wounds are further catego-
rized as acute, chronic, or chronic nonhealing, the last of these 
marked by > 6 months of conventional routine wound care. 
Conditions favoring delayed wound healing include advanced 
age, diabetes mellitus (DM), sustained pressure, vascular insuffi-
ciency, renal failure, jaundice, infection, and immunosuppression. 
In older patients, a multiplicity of these conditions is apt to be at 
play. Conservative treatment may be the only recourse for pa-
tients taking prohibitive medication (such as aspirin) or whose 
overall status is unacceptable for surgical management.

In the case of large wounds, infections are difficult to control, 
and therefore, the wounds may themselves contribute substan-
tially to the general deterioration of the already weakened pa-
tients. Although conservative treatment with antibiotics and 
dressings may control infections, the emergence of multidrug-
resistant bacterial strains has limited this approach. In some cir-
cumstances, patients may only be candidates for dressing chang-
es in isolation, with no chances of debridement and reconstruc-
tive surgery. This further impacts in-hospital infection rates and 
durations of hospital stay, adding to the burden of healthcare.

Normal skin pH (range, 4–6) is weakly acidic, due to the ami-
no and lactic acid contents of the horny layer and cutaneous ad-
nexa. The acidity of skin contributes to its barrier function [16]. 
In chronic open wounds, a weakly alkaline pH range of 7.15–8.9 
(8.0 on average) encourages the growth of ammonia-producing 
and CO2-generating bacteria [16-18]. Ammonia is directly toxic 
to wounds, inflicting injury through heightened tissue protease 
activity. Tissue ischemia then ensues, marked by elevated satu-
rated oxyhemoglobin and diminished oxygen partial pressure. 
Greater acidity helps to reverse these effects [18]. Ultimately, an 
acid environment is destructive to bacteria and normalizes the 
wound milieu. NH3

– is reduced to NH4, thus restoring normal 
protease activity and encouraging healing [17].

The importance of skin pH was first underscored by the addi-
tion of acetic acid to a honey-based remedy (Medihoney, Medi-
honey Ltd., Queensland, Austria) approved in Europe for the 
treatment of chronic wounds (venous ulcers, DM foot, and burns) 
[2]. Dressings soaked in 5% dilute acetic acid and applied to 
wounds with pseudomonas infections (P. aeruginosa) produced 
positive clinical results in case studies during the 1960s [6]. How-
ever, the short product half-life ( < 1 hr), necessitating frequent 
dressing changes, was a clear disadvantage. Ryssel et al. [7-9] 
studied the in vitro sensitivity of pseudomonas strains common-
ly encountered in burn centers, confirming the strong antimi-
crobial effects of acetic acid on P. vulgaris, P. aeroginosa, and A. 
baumanii—organisms often present in persistent wounds, de-
spite long-term antibiotic therapy [7-9]. MRSA proved sensi-
tive as well.

The high viscosity of honey is also beneficial, eliminating any 
exudates present and otherwise creating a damp environment 
optimal for wound healing. Keratinocyte and fibrocyte survival 
rates are enhanced under such conditions. Honey also contains 
glucose oxidase, which adds acidity through the conversion of 
glucose to gluconic acid (measured pH = 3.5). Acidity alters 
biofilms that block the delivery of drugs to chronic wounds and 
exerts antibacterial effects. Aided by bacterial polysaccharide 
and exudates, biofilms adhere to wound surfaces, are difficult to 
remove, and serve as reservoirs for continuous microbial release 
[2]. According to recent reports, a majority (65%) of infectious 
diseases are attributable to biofilms [19].

It is clear that acetic acid promotes wound healing, enzymatic 
activity, and immunity, and attenuates microbial proliferation 
and biofilm virulence [18]. However, olfactory stimulation (at 
least initially) and the need for frequent dressing changes are 
notable drawbacks. At a higher acidic concentration (for greater 
antibiotic effect), patients will experience more pain [7].

Nonoperative NPWT of the existing complex defects is now 
widely used, owing to national medical insurance coverage 

VEGFA, VEGFR, procollagen, HIF1-α, MMP-1, MMP-3, and MMP-9/
TIMP (sample size of each group, n=30, a)P<0.001; NS, P>0.05; 
paired T-test). RT-PCR, real-time polymerase chain reaction; VEGFA, 
vascular endothelial growth factor A; VEGFR, vascular endothelial 
growth factor receptor; HIF1-α, hypoxia-inducible factor 1 alpha; 
MMP-1, matrix metalloproteinase 1; MMP-3, matrix metallopro-
teinase 3; MMP-9/TIMP, matrix metalloproteinase 9/tissue inhibitor 
of metalloproteinases; Pre, pre-treatment; Post, post-treatment.

Fig. 7. Quantitative RT-PCR matched-sample comparisons
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little from the guideline. A reduction in wound pH resulted 
(strongly alkaline at baseline; weakly alkaline or neutral post-
treatment) [22,23]. In addition, all pathogenic bacteria identi-
fied in wound cultures (MRSA, P. mirabilis, C. albicans) dissi-
pated or cleared. Unlike antibiotic therapy, this approach effec-
tively controlled infection, irrespective of the culpable organ-
isms. 

In chronic wounds, MMP-9/TIMP ratios appear to reflect 
the actual proteolytic environments, more so than either deter-
minant does alone. The significant decline in the MMP-9/
TIMP ratio (based on the RT-PCR assay) seen in our patients 
post-treatment suggests abatement of prolonged inflammation 
and wound chronicity [14,24,25]. Indeed, the odor grew less 
intense on physical exams and the exudates retracted visibly, 
indicating that infection control is clearly fundamental to 
wound healing. 

Re-epithelialization (from the edges of soft tissue defects) and 
angiogenesis are enabled by the migration of fibroblasts along 
fibrin networks. Factors promoting inflammation (IL-1a, IL-
1b, IL-6, and tumor necrosis factor a), facilitating collagen syn-
thesis (fibroblast growth factor [FGF]-2, insulin-like growth 
factor-1, and transferring growth factor b [TGF-b]), converting 
fibroblasts to myofibroblasts (TGF-b), and initiating angiogen-
esis (EGF, FGF-2, and TGF-a), are released by platelets and 
white blood cells at the wound sites. The latter also aid in re-
epithelialization. In our patients, significant post-treatment in-
creases in CD31 staining and VEGFR expression (vs. baseline 
levels) corresponded with enhanced tissue vascularization. Ki-
67 staining and procollagen levels also increased significantly, 
reflecting the active proliferation of fibroblasts and collagen 
synthesis. Proliferation and migration of keratinocytes at wound 
sites (for re-epithelialization) were similarly boosted, as indi-
cated by a significant increase in MMP-1 after therapy. Finally, 
HIF-1-alpha (a gauge of tissue hypoxia) significantly declined 
following treatment.

At wound margins, cells must loosen cell-to-cell and cell-to-
extracellular matrix contacts in order to migrate and re-epithe-
lialize wound surfaces. Multiple MMPs have been implicated 
from this aspect of wound repair, including MMP-1, -3, -7, -9, 
-10, -14, and -28. MMP-1 (collagenase-1) is present in human 
skin wounds during re-epithelialization but diminishes once 
closure is complete. The expression of MMP-1 is stimulated by 
the binding of integrin to type-I collagen (abundant in the der-
mis). MMP-3 (stromelysin-1) is concentrated in cells behind 
the migrating front [11]. In our test patients, a statistically sig-
nificant post-treatment increase in MMP-1 (vs. baseline) sig-
naled that the process of re-epithelialization was well underway 
[11]. Moreover, reductions in surface areas (average, 35%) and 

(2010) and miniaturization of equipment. The vacuum-assist-
ed closure device (Kinetics Concepts Inc.), consisting of a po-
rous polyurethane sponge (applied to wounds) for moisture 
and a vacuum-connected film dressing, was first introduced in 
1997 under negative pressure, exudates are extracted, the blood 
supply is increased, and fewer dressing changes are required [3, 
5]. As explained by Scherer et al. [5], negative pressure boosts 
collagen synthesis and neovascularization by wound transfor-
mation (macrodeformation) and three-dimensional migration 
(microdeformation), both encouraging DNA synthesis [5]. In 
2011, de Laat et al. [3] found that wound healing was two times 
faster with NPWT (vs. sodium hypochlorite) in a prospective 
randomized study, and Kim et al. [4] reported a 95% rate of 
limb salvage with NPWT of the DM foot.

In according to international guide line on NPWT with instil-
lation, debridement of biofilms and necrotic tissues is essen-
tially needed and provide to favorable pH milieu for wound 
healing [20,21]. In addition, once weekly debridement tends 
to restart the wound-healing cycle, interrupting fibroblast se-
nescence at the inflammatory stage [15]. However, patients 
who have DM feet, pressure sores, and venous ulcers and who 
are taking anticoagulants or lack ready access to facilities may 
forego this step. Consequently, the outcomes of NPWT may 
fall short of expectations. Furthermore, most of these patients 
harbor serious hospital-acquired infectious organisms, such as 
MRSA, vancomycin-resistant Enterococcus, and carbapenem-
resistant gram-negative bacilli (A. baumani, P. areuginosa, and K. 
pneumoniae). In 2009, Arias and Murray [1] reported on multi-
drug resistant strains and the use of antibiotics in the 21st cen-
tury, emphasizing that antibiotic choices for these strains are 
few and carry toxicities.

Our approach combines the convenience of NPWT with the 
infection control of acetic acid irrigation. The three patients 
that we treated had infected wounds, with excessive exudation, 
local redness, warmth, poor granulation tissue, and foul odor. 
Given the sacral locations, fecal contamination was likely and 
proved difficult to manage. The wound sites failed to improve, 
with infectious symptoms persisting, despite three weeks of 
conventional wound care. Although film dressings are essential 
to avoid fecal contamination, the increased CO2 of a closed sys-
tem is problematic, which is why vacuum dressings are vulner-
able to infection. Infection control is mandatory for wounds of 
this nature in order to ensure that healing (i.e., granulation tis-
sue and surface vascularization) takes place. 

NPWT and instillation have been combined in many earlier 
attempts, but guidelines for the same have been set recently 
[20]. We used twice daily 1% acetic acid irrigation, delivered in 
30-mL aliquots over a period of 15–30 minutes and it differs 
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capsule sizes (average, 29%) of wounds were documented.
Our experiment used highly infected wounds (high risk) to 

which NPWT with just black polyurethane ether foam, Granu-
Foam (Kinetics Concepts Inc., San Antonio, Texas, USA) can-
not be applied in the first place. Further, we believe that a com-
bination of NPWT and acetic acid irrigation can change the in-
fected wound from high risk to low risk and help enhance colla-
gen synthesis, angiogenesis, and inflammation control, and have 
proved it from the perspective of molecular biology. Moreover, 
we gathered tissue specimens that were used in immunohisto-
chemistry and quantitative polymerase chain reaction instead of 
the collected fluid.

From our perspective, combining a vacuum dressing with ace-
tic acid irrigation is beneficial in many ways. Although film 
dressings help prevent fecal contamination (particularly in pres-
sure sores), extensive wound irrigation and debridement should 
be carried out anyway with each dressing change. Acidic wound 
irrigation unquestionably reduces the bacterial burden, and 
when combined with NPWT, the protease-induced inflamma-
tory phase of wounds is stabilized, lowering the MMP-9/TIMP 
ratio. Similarly, the acidification of alkaline wounds reduces am-
monia toxicity, creating a more favorable wound milieu (i.e., re-
duced saturation of oxyhemoglobin and increased partial pres-
sure of oxygen). 

Used alone, NPWT may increase angiogenesis, but adding 1% 
acetic acid soaks enhances re-epithelialization via the upregula-
tion of MMP-1. Through macro- and microdeformation, NPWT 
also continuously encourages the proliferation of fibroblasts, al-
beit fibroblast senescence is averted by debridement too [15]. 
Because chronically infected soft tissue defects are not always 
amenable to immediate reconstructive surgery, our protocol 
provides another means to reduce wound size and control infec-
tion, allowing time for a patient’s general condition to improve.

Admittedly, the findings of this study are preliminary and are 
based on the few patients studied. However, further research is 
warranted in this setting, recruiting more patients of this type 
for similar investigations. NPWT and acetic acid irrigation, 
when used jointly, help decrease the pH of chronic wounds, re-
ducing their size and resolving infection so that wound healing 
may proceed.
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