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Use of vacuum-assisted closure in the topical
treatment of surgical site infections

Cerrahi alanda gelişen enfeksiyonların tedavisinde
vakum yardımlı örtüm sistemi uygulamalarımız

Ayhan KILIC, Ufuk OZKAYA, Sami SOKUCU, Seckin BASILGAN, Yavuz KABUKCUOGLU

Amaç: Cerrahi alanda gelişen enfeksiyonun bölgesel teda-
visinde vakum yardımlı örtüm sistemi ile elde ettiğimiz so-
nuçlar değerlendirildi.
Çalışma planı: Cerrahi alanda gelişen enfeksiyon nede-
niyle 17 hastaya (10 erkek, 7 kadın; ort. yaş 60±20) VAC 
sistemi (Vacuum-Assisted Closure, Kinetic Concept Inc.) 
ile vakum yardımlı yara örtme tedavisi uygulandı. Enfek-
siyonlu yaraların altısı kalça, beşi krus, üçü diz, ikisi sak-
rum ve biri el bölgesindeydi. On beş hastada (%88.2) en-
feksiyon etkeni olarak gram-pozitif bakteri saptandı. Altı 
hastada (%35.3) enfeksiyon hastane kökenliydi. Yaralara, 
ilk iki gün sürekli, sonraki günlerde ise aralıklı olarak 
100-125 mmHg negatif basınç uygulandı. Hastalar ortala-
ma 11±6 ay takip edildi.
Sonuçlar: Vakum tedavisinin uygulama süresi ortalama 
16±4 gün, hastanede yatış süresi 31±19 gün idi. Hastalara va-
kum tedavisi öncesinde ortalama üç cerrahi girişim (dağılım 
1-6) yapıldı. Yaradan gelen akıntı miktarı 500±150 ml ölçül-
dü. Yaraların tümünde doku ödemi ve akıntı sorunu çözüldü. 
Temiz ve kuru görünümlü bir cerrahi yara sahası elde edil-
di. On bir hastada (%64.7) cerrahi bölgesindeki enfeksiyon, 
uygun antibiyotik kullanımı ve vakum tedavisi ile klinik ve 
bakteriyolojik olarak tedavi edildi. Hastane nedenli enfeksi-
yonları olan altı hastada ise yara sorunlarının çözümünü ta-
kiben yara kültürüne uygun antibiyotik kullanımına devam 
edildi. Tedavi öncesinde 36±14 cm2 olan yara alanı uygulama 
sonunda 11±10 cm2’ye geriledi (p<0.05). Vakum tedavisinden 
sonra sadece iki hastanın (%11.8) yaralarının örtümünde ek 
cerrahi girişime gerek görüldü. İki hastada (%11.8) uygulama 
sırasında basınca bağlı ağrı görüldü. 
Çıkarımlar: Vakum yardımlı yara örtüm yöntemi, enfekte ya-
raların bakımında bölgesel üstünlükleri yanı sıra daha hızlı ve 
konforlu bir tedavi olanağı sunar. Bu özellikleri ile konvansiyo-
nel yara bakım yöntemlerine güvenilir bir seçenek sayılabilir.
Anahtar sözcükler: Negatif basınçlı yara tedavisi; yara iyileş-
mesi; yara enfeksiyonu/tedavi.

Objectives: This study was designed to evaluate the results 
of vacuum-assisted closure in the topical treatment of surgi-
cal site infections.
Methods: Vacuum therapy was performed in 17 patients (10 
males, 7 females; mean age 60±20 years) using the VAC sys-
tem (Vacuum-Assisted Closure, Kinetic Concept Inc) for the 
treatment of surgical site infections. Infective wounds were in 
the hip (n=6), crus (n=5), knee (n=3), sacrum (n=2), and hand 
(n=1). The causative organism for infections was gram-posi-
tive bacteria in 15 patients (88.2%), and six patients (35.3%) 
had nosocomial infections. The wounds were treated with a 
negative pressure of 100-125 mmHg applied continuously for 
the first two days, and then intermittently for the following 
days. The mean follow-up period was 11±6 months.
Results: The mean duration of vacuum therapy was 16±4 days 
and the mean length of hospitalization was 31±19 days. The pa-
tients underwent a mean number of three surgical procedures 
(range 1 to 6) before vacuum therapy. The mean amount of dis-
charge from the wound was 500±150 ml. Tissue edema and 
discharge problems were resolved in all the wounds and a hy-
gienic and dry-looking surgical site was attained. In 11 patients 
(64.7%), clinical and bacteriologic eradication of infections was 
achieved at the surgical site through antibiotic use and vacuum 
therapy. Six patients with nosocomial infections continued to 
receive antibiotic treatment following resolution of surgical site 
problems. The mean wound area showed a significant reduc-
tion from 36±14 cm2 to 11±10 cm2 following vacuum therapy 
(p<0.05). Only two patients (11.8%) required further surgical 
interventions for the closure of wound site. Two patients (11.8%) 
complained of pain associated with vacuum application.
Conclusion: Besides its topical advantages in the care of 
infected wounds, vacuum-assisted closure provides a more 
rapid and comfortable treatment opportunity, representing a 
reliable alternative to conventional wound care methods.
Key words: Negative-pressure wound therapy; wound healing; 
wound infection/therapy.
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One of the most complex complications of extre-
mity surgery is the infection associated with soft tis-
sue loss. This situation seen in 1-12% of orthopedic 
interventions lead to problems related to the coverage 
of surgical materials and bone structures located in 
the wound area.[1-2]  There are different opinions abo-
ut selection of treatment method. In conventional tre-
atment, specific surgical interventions varying from 
wet dressing, use of colloid gels and skin grafting to 
free flap transfer, all after wound irrigation and debri-
dement of necrotic tissue. [3-4]  An alternative method 
that has been started to be widely used in recent years 
is vacuum assisted closure systems. Those systems are 
given many different names such as topical negative 
pressurization, sub-atmospheric pressure treatment, 
sub-atmospheric pressured dressing and vacuum tre-
atment (VT). [3-6] 

In Cochrane Library, there are 269 original studi-
es, out of a total number of 674 publications about va-

cuum treatment cited in 2007. [5, 6]  The most evident 
effect of vacuum treatment on the injured tissue is the 
increase of local blood circulation. Morykwas et al. 
[7]  demonstrated that local blood circulation baseline 
four times increased by an applied negative pressure 
of 125mm Hg and in order that negative pressure effect 
persistence need to intermittent application. Another 
impact of vacuum treatment on the cellular structure 
of the wound surface is its mechanical stress. 

As a consequence of this effect, cell proliferation 
and regeneration of granulation tissue are facilitated. 
Though third and the most controversial effect is 
removal of protease enzymes that are known to in-
hibit healing and decrease in bacterial count on the 
infected tissue. [8-12]  Obviously, this point has a par-
ticular clinical outstanding for the treatment of post-
operative wound complications. However, the shared 
information regarding the matter is limited to few 
studies. [10, 13-20] 

(a)

(c) (d)

(b)

Figure 1.The following are the observations from a patient suffering from waist pain extending to both legs: 
(a) MR imaging of a heterogeneous mass (48x32x60mm) that is detrimental to vertebrae, extending 
to pre-sacral area on the anterior side and to spinal channel on the posterior side, which affects 
S1 and S2 segments. (b) X-ray graphics after radical resection and posterior stabilization. (c) 
Uncovered wound in the surgery area after debridement following deep infection by E. coli and its 
vacuum assisted treatment. (d) Physical activity level of the patient after the initiation of vacuum 
treatment.
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In this study, our results of vacuum assisted clo-
sure system were evaluated in the local treatment of 
infections occurred in the operated site.

Patients and method
17 patients (10 males, 7 females; mean age 60±20), 

who received vacuum treatment in our clinics between 
2006 and 2008 were evaluated retrospectively. Wound 
drainage for more than 5 days, existence of culture-
positive infection and wound dehiscence with skin 
necrosis were our inclusion criteria.[18]  Six (35.3%) of 
the infected wounds were on the hip region while five 
(29.4%) were on crus, three (17.7%) were on knee, two 
(11.8%) were on sacrum and one (5.9%) was on the 
hand. Trauma surgery (n=8), arthroplasty (n=4), tumor 
surgery (n=2) and others (gas gangrene, lower leg am-
putation due to diabetes, open injury related to trauma) 
were the invasive treatments conducted (Figure 1, 2).

In 13 patients (76.5%), surgical materials (DHS 

pins, plates, screws, prosthesis) applied on bone or jo-
int surfaces in the early interventions were removed 
during preceding debridement terms. Among patients 
to whom trauma surgery was applied, three were trea-
ted with skeletal traction and five were applied external 
fixators. In patients with prosthesis (including the one 
with tumor resection), joint spacers made of bone ce-
ment with antibiotic (4 g teicoplanin) were implanted 
in the surgical site after removal of infected prosthesis. 
Vacuum treatment was started in those patients after 
6 weeks.

Infections were evaluated together with the hospital 
infection committee. Wound cultures and laboratory 
parameters (sedimentation, CRP, leukocytes coun-
ting) taken weekly basis were used to follow up the 
patients. In 15 patients (88.2%), infection was due to 
gram-positive bacteria (Table 1). Structure based eva-
luation revealed that there was a hospital infection in 6 
patients (35.3%). All patients’ wound was treated with 

(a) (b) (c)

(d)

(e)

Figure 2. (a) Fourth finger on the right hand of the patient, who suffers from erythema, edema and pain, was 
amputated from metacarpophalangeal joint. Microbiological sampling was made after regional 
debridement. (b) Upon microbiological detection of Clostridium proliferation, a broad debridement 
and wound irrigation was done on the second day of admission. Infection was observed to spread 
over the deep tissues in dorsal side of the forearm. (c) Following the second operation, a vacuum 
treatment has been conducted for 12 days and (d) healing was observed. (e) Subsequent to the 
amputation of fourth metacarpal ray, patient was discharged 23 days after admission.



Kilic et al. Use of vacuum-assisted closure in the topical treatment of surgical site infections 339

debridement and irrigation operation several times. IV 
antibiotic therapy and vacuum treatment were initiated 
in reference to the wound culture results. 

In our study, VAC system was used as vacuum as-
sisted closure system (Vacuum-Assisted Closure, Ki-
netic Concept Inc, San Antonio, TX, USA). Vacuum 
was applied on to the wound continuously for the first 
two days and intermittently through the rest of the tre-
atment, at 100-125 mmHg negative pressure. Dressings 
were changed every 48 hours. Wounds were sized, 
surface debridement was conducted and the drainage 
amount was recorded. For sizing of wounds, scale of a 
universal joint goniometer was used.

(i) Drainage less than 20 ml between two dressings, 
(ii) improvement of lab findings about infection and/
or detection of no bacterial count in the wound cultu-
re and (iii) reduction of tissue loss and wound’ being 
closeable through simple reconstructive methods were 
our endpoint criteria.

Severe pain, lack of psychological adoption, ob-
servation of purulent material of remarkable amount 
during the dressing or within the waste container and 
excessive bleeding were our drop-out criteria.

Sponges made of polyurethane or polyvinyl alcohol 
with a pore size range of 400 – 600 _m were used as 
filling material and self-adhesive semi-permeable co-
vering films in the vacuum aided application. An in-
line pressure regulator (T.R.A.C system, Kinetic Con-
cept Inc), drainage collection container and negative 
pressurizer were the other components of the system 
(Figure 3).

Initial debridement and irrigation procedures were 
carried out in the operation room. Following deep 
tissue debridement, for those wounds with closeable 
muscle layer (hip and sacrum), an open cutaneous or 

sub-cutaneous area of 4x6 cm (~ 20 cm2) was prepa-
red after appropriate stitching of muscle and fascia la-
yers. The prepared area or directly the wound surface 
was covered with an appropriately sized polyurethane 
sponge material. Wound area was covered with self-
adhesive semi-permeable film. Connections were in-
serted through a hole made on the film and the system 
was started. Extended debridement and wash-outs 
subsequent to vacuum applications were conducted 
under anesthesia. The mean follow-up time was 11±6 
months.

Collected data were analyzed with Wilcoxon test 
using SPSS 11.5 software.

Results
The mean time of vacuum treatment and hospita-

lization were 16±4 days and 31±19 days, respectively. 
Average number of surgical interventions per patient 
was 3 (range: 1-6). Mean total volume of collected wo-
und drainage was 500±150 ml.

Problems associated with tissue edema and draina-
ge, were solved in all wounds. A surgical wound area 
with dry and clean look was obtained (Figure 4). In 
11 patients (64.7%), infection observed in the surgical 
area was treated both clinically and microbiologically, 
by using appropriate antibiotics and vacuum treatment. 
In 6 patients with hospital infection, vacuum treatment 
was terminated with resolution of wound complicati-
ons; however the use of antibiotics determined with the 
wound culture was continued. Subsequent follow ups 
were carried out in the infection clinics. One patient in 

Table 1.	Distribution of bacteria responsible for infections 

		  Number of patients	 %

Staphylococcus aureus 
Methicilline  sensitive	 3	 17.7
Methicilline resistant	 4	 23.5

	Escherichia coli	 2	 11.8
Staphylococcus epidermidis	 4	 23.5
Pseudomonas aeruginosa	 2	 11.8
Acinetobacter baumannii	 1	 5.9
Clostridium perfringens	 1	 5.9

Figure 3. Vacuum treatment device and application method.
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this group, who was applied tumor prosthesis for oste-
osarcoma, had to go under supra-patellar amputation. 
Only two patients (11.8%) needed additional surgical 
intervention (skin graft, local rotation flap) for comple-
te coverage of wounds after vacuum treatment.

The mean wound area of 36±14 cm2 was reduced 
to 11±10 cm2 after the treatment (p<0.05)(Figure 5). 
Two patients (11.8%) complained for pain due to pres-
sure during the application. Those complaints were 
overcome by decreasing the pressure for 25 mmHg.

Discussion
Vacuum treatment as a method that has been used 

in the past, for superficial tissue losses such as burns 
and pressure injuries, it has found new areas of use in 
severe soft tissue losses associated with orthopedic 
infections as well as tumor surgery, in recent years. [1, 

2, 4, 8, 10, 13, 21, 22]  For those injuries that require long term 
administration of antibiotics and special techniques 
such as free tissue transplantation, care is a comp-
licated process.[1, 2, 14-17]  Implementation of localized 

vacuum treatment provides some advantages for such 
purposes. The first of those advantages is the evacu-
ation of exudates, which is usually the sign of deep 
injury infections and broad necrosis of soft tissues. 
[10, 15-18]  Vacuum treatment provides the excretion of 
proteases that are known to have negative impact on 

Figure 4. (a) Tibia and fibula fractures on the right crud were diagnosed and (b) locked plate was applied 
to 70 years old male by minimal invasive technique 3 days after trauma (c) One month after sur-
gery, in the surgical area located on the medial side of ankle,  were observed wound drainage , 
dehiscence and peripheral edema. Debridement and irrigation was done. (d) Plate and screws 
removed and fractures treated with circular ex fix. frame (e) Scene after 14 days of vacuum 
treatment.

(a)

(c)
(e)

(b) (d)

Figure 5.Distribution of wound surface areas before and 
after vacuum therapy
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cells contributing to tissue healing, while assisting 
the control on local and systemic bacterial counts. [23]   

Vacuum treatment assisted in solving problems rela-
ted to tissue edema and wound drainage in all cases; 
a clean and dry surgical wound area was obtained by 
preventing the formation of dead space. Development 
of granulation tissue was facilitated through the incre-
ase of local blood circulation. A significant shrinkage 
of wound area was observed in 16 days, as an average 
of all patients. In a study of 1500 general body trauma 
patients by Kaplan et al [24]  which is the most exten-
sive series in its class, VT was shown to decrease the 
time and cost of hospitalization to almost the half. In 
our study, VT contributed to the complete recovery of 
local and general infections in 11 patients; 15 wounds 
(88.2%) healed without extra need in surgical inter-
vention. Only two wounds (11.8%) required additio-
nal surgical treatment at day 10 of vacuum treatment. 
Brandi et al [25]  reported uncomplicated closure of 
all tendons and muscles with closure problems by VT 
aided epidermalized skin application.

Regardless of the selected treatment method, tho-
se wounds may require prolonged hospitalization, 
intensive use of medications and multiple surgical in-
terventions. [26]  Some of our patients who went under 
a mean number of three surgical operations had to be 
hospitalized for 1 month. In reference to conventional 
dressing, this costly process that is limiting daily life 
was shorter. [27, 28]  Only two patients (11.8%) compla-
ined for pain due to pressure during the application. 
Complications such as recurrent infection, septicemia 
and fluid-electrolyte losses were not observed. [28] 

Limitations of our study were the small sample 
size and lack of a control group. Inability of bacteria 
counting in the wound area was another constraint.

As a result, vacuum aided wound closure method, 
provides faster and more comfortable treatment as 
well as its local treatment advantages in infected wo-
und care. Owing to those features, VT appears to be 
safe option to conventional wound care methods.
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