
International Wound Journal ISSN 1742-4801

O R I G I N A L A R T I C L E

Assessment of vacuum-assisted closure therapy on the wound
healing process in cardiac surgery
Agamemnon Pericleous1,2, Georgios Dimitrakakis2, Renos Photiades3 & Ulrich O von Oppell2

1 School of Medicine, Cardiff University, Cardiff, UK
2 Department of Cardiothoracic Surgery, University Hospital of Wales, Cardiff, UK
3 Department of Statistics, University of Oxford, Oxford, UK

Key words

Cardiac surgery; Risk factors; Sternal wound
infection; VAC dressing; Wound healing

Correspondence to

Dr G Dimitrakakis, MD, MSc
Department of Cardiothoracic Surgery
University Hospital of Wales
Heath Park
Cardiff CF14 4XW
UK
E-mail: gdimitrakakis@yahoo.com

doi: 10.1111/iwj.12430

Pericleous A, Dimitrakakis G, Photiades R, von Oppell UO. Assessment of
vacuum-assisted closure therapy on the wound healing process in cardiac surgery.
Int Wound J 2016; 13:1142–1149

Abstract

Postoperative deep sternal wound infection (DSWI) is a serious complication in cardiac
surgery (1–5% of patients) with high mortality and morbidity rates. Vacuum-assisted
closure (VAC) therapy has shown promising results in terms of wound healing process,
postoperative hospital length of stay and lower in-hospital costs. The aim of our
retrospective study is to report the outcome of patients with DSWI treated with VAC
therapy and to assess the effect of contributory risk factors. Data of 52 patients who
have been treated with VAC therapy in a single institution (study period: September
2003–March 2012) were collected electronically through PAtient Tracking System
PATS and statistically analysed using SPSS version 20. Of the 52 patients (35 M:
17 F), 88⋅5% (n= 46) were solely treated with VAC therapy and 11⋅5% (n= 6) had
additional plastic surgical intervention. Follow-up was complete (mean 33⋅8 months)
with an overall mortality rate of 26⋅9% (n= 14) of whom 50% (n= 7) died in hospital.
No death was related to VAC complications. Patient outcomes were affected by
pre-operative, intra-operative and postoperative risk factors. Logistic EUROscore,
postoperative hospital length of stay, advanced age, chronic obstructive pulmonary
disease (COPD) and long-term corticosteroid treatment appear to be significant
contributing factors in the long-term survival of patients treated with VAC therapy.

Introduction

Postoperative deep sternal wound infection (DSWI) is a serious
complication in cardiac surgery affecting 1–5% of patients with
high morbidity and mortality rates ranging from 5% to 46%
(1–5). This is also one of the most common complications in
open-heart surgery along with heart failure and stroke (6).

DSWI as documented by the US Centers for Disease Control
is: ‘Infection involving fascia or deeper with at least one of
the following: evidence of infection seen at re-operation or
spontaneous dehiscence, positive culture of mediastinal fluid
and/or positive blood culture and/or chest pain with sternal
instability and temperature higher than 38 degrees Celsius’
(2,7).

Large retrospective studies have identified potential risk fac-
tors associated with a high incidence rate of DSWI such as
advanced age, diabetes, obesity, smoking, use of internal tho-
racic artery and prolonged operative time (cross-clamp time,
cardiopulmonary bypass time and total operative time) (8–10).

Key Messages

• vacuum-assisted closure (VAC) therapy has shown
promising results in the treatment of postoperative deep
sternal wound infections (DSWIs) in comparison with
the more conventional treatment methods such as open
surgical debridement with irrigation

• DSWI is one of the most common and serious complica-
tions in open-heart surgery with mortality rates ranging
from 5% to 46%

• a retrospective analysis investigating the outcome of 52
patients who have been treated with VAC therapy for
DSWI was carried out followed by an assessment of the
effect of contributory risk factors along with the logistic
EUROscore in the survival of these patients to determine
whether these risk factors are predictors for VAC therapy
failure as well
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• VAC therapy is a safe and effective technique for the treat-
ment of DSWI and no death was related to VAC therapy
complications; however, patients with certain risk fac-
tors such as advanced age, COPD/emphysema, long-term
treatment with corticosteroids, high logistic EUROscore
and prolonged postoperative hospital stay need careful
consideration concerning their general outcome

As a consequence of DSWI, there has been a significant
rise in hospitalisation rates that poses an increased threat to
health care costs (9). Furthermore, it was a real challenge for the
cardiothoracic surgeons to find therapeutic options to improve
the wound healing process.

The vacuum-assisted closure (VAC) therapy with its specific
topical negative pressure device (KCI Licensing, Inc., San
Antonio, TX) has shown promising results in comparison with
the more conventional treatment methods such as open surgical
debridement with irrigation using antibiotics, saline and others
(2,3,11).

These results are achieved through the application of a con-
tinuous negative pressure (125 mmHg) that results in an accel-
erated wound healing process through elimination of wound
oedema that consequently assists in bacterial clearance. Wound
healing outcomes are also improved through an enhanced
angiogenesis process that aids formation of granulation tissue
leading to a reduction in the lengths of hospital stays. This has
consequently reduced the costs of patient care and has led to an
improvement of quality of life (6,11–14).

Even though VAC treatment has been proven superior to
the more traditional surgical methods, we decided to perform
an assessment on the contribution of certain risk factors to
the outcome of patients treated with VAC therapy. This will
eventually allow us to predict some of the risk factors leading
to VAC therapy failure.

Methods

Study design

The data collection followed by the analysis was performed
electronically through our institutional database known as
PATS (PAtient Tracking System).

We retrospectively analysed 52 patients who received VAC
therapy for DSWI out of a total of 83 patients with DSWI (study
period: September 2013–March 2012) at the Department of
Cardiothoracic Surgery at the University Hospital of Wales,
Cardiff, UK.

Prior to the analysis, an extensive literature research was
undertaken and the potential risk factors that increase the
likelihood for a DSWI in this group of patients undergoing
open-heart surgery were identified (gender, advanced age, dia-
betes, obesity/BMI, smoking, chronic obstructive pulmonary
disease (COPD)/emphysema, use of corticosteroids, length of
postoperative hospital stay and use of internal thoracic artery
grafts) (8,15).

An assessment of the effect of these risk factors along with
the logistic EUROscore on the survival of our patients was then
performed to determine whether these are predictors for VAC
therapy failure as well.

Statistical analysis

Statistical analysis was carried out using SPSS version 20
(SPSS Inc., Chicago, IL). Preliminary analyses using the
Shapiro–Wilk test were performed to assess the normality of
distribution of the age (years) and the BMI (kg/m2) of our sam-
ple by ensuring no violation of the assumptions of normality
(Figure 1).

Correlation analysis was performed followed by Kaplan–
Meier survival analysis in order to estimate the strength and
direction of the relationship of the risk factors assessed and
survival (months).

Figure 1 Histograms illustrating normality of distribution of the age (years) and the BMI (kg/m2) of our patients (n=52).
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Table 1 Prevalence of risk factors in the population sample treated with
vacuum-assisted closure (VAC) therapy

Frequency Percent

Age >65 years
Less than 65 years 18 34⋅6
More than or equal to 65 years 34 65⋅4

Diabetes status
Non-diabetics 27 51⋅9
Type II diabetics 25 48⋅1

COPD status
Without COPD/emphysema 43 82⋅7
Have COPD/emphysema 9 17⋅3

Corticosteroid use status
No corticosteroid 43 82⋅7
Corticosteroid 9 17⋅3

Graft conduits
No graft conduits used 6 11⋅5
Skeletonized grafts only 10 19⋅2
Skeletonized and pedicled LIMAs 3 5⋅8
Long SV grafts only 10 19⋅2
Pedicled grafts with long SV grafts 21 40⋅4
Radial artery grafts with long SV grafts 2 3⋅8

Smoking status
Never smoked 16 30⋅8
Ex-smokers 31 59⋅6
Currently smoking 5 9⋅6

COPD, chronic obstructive pulmonary disease; LIMA, left internal mam-
mary artery; SV, saphenous vein.

Table 2 Microbiology of deep sternal wound infections in our cohort

Microorganism Incidence (%)

Coagulase-negative staphylococci 31⋅5
Coliforms 27⋅4
Coryneforms 15⋅3
Serratia marcescens 7⋅3
Non-haemolytic streptococci 7⋅3
Pseudomonas spp. 6⋅5
Staphylococcus aureus 4⋅8
Methicillin-resistant S. aureus 0⋅8

Results

Of the 52 patients (mean age: 68⋅3 years; range: 47–82 years)
(mean BMI: 30⋅47 kg/m2; range: 20⋅6–41⋅7 kg/m2), 35 were
males (67⋅3%) and 17 were females (32⋅7%). Twenty-eight
patients (53⋅8%) had undergone coronary artery bypass
graft surgery (CABG) (20 on-cardiopulmonary bypass, 8
off-cardiopulmonary bypass), 17 patients (32⋅7%) underwent
combined CABG and valve replacement procedures (VR), 5
patients (9⋅6%) only VR, 1 patient (1⋅9%) underwent a ven-
tricular aneurysmectomy and 1 patient (1⋅9%) had undergone
CABG with arrhythmia surgery. The demographics of this
sample of patients were also analysed (Tables 1 and 2).

We found out that 88⋅5% (n= 46) of patients were success-
fully treated with VAC therapy only and the rest (n= 6) required
additional plastic surgical intervention.

Follow-up was complete (mean 33⋅8 months) with an overall
mortality rate of 26⋅9% (n= 14) out of which 50% of the
patients (n= 7) died in the hospital.

With regard to the patients who died in the hospital, two
died from septicaemia (28⋅6%) and five died (71⋅4%) from
cardiac-related causes. None of the patients died from VAC
therapy–related complications (bleeding/haematoma, rupture
of right ventricle and others).

Kaplan–Meier analysis identified three risk factors that sig-
nificantly reduce the long-term survival of patients treated
with VAC; these are COPD/emphysema, corticosteroids and
advanced age (P≤ 0⋅01) (Figure 2).

Other potential risk factors shown to influence long-term
survival were also identified, but they were found to be
non-statistically significant (P≥ 0⋅05) (Figure 3).

The two risk factors showing the greatest correlation in the
survival (months) of the patients were the logistic EUROscore
and the postoperative hospital stay (r =−0⋅25, P≤ 0⋅05 and
r =−0⋅21, P= 0⋅06, respectively) (Table 3).

The correlation between weight (kg) and logistic EUROscore
was also moderately strong (Table 3).

The relationship between survival time (months) and logistic
EuroScore was further analysed with a Spearman test that sug-
gested a strong, negative correlation between the two variables
(r =−3⋅7, P≤ 0⋅02).

Ethical considerations

The data reported and analysed in this study were anonymised
and were originally collected from the electronic patient
database system of our institution.

Discussion

DSWI is one of the most challenging complications in car-
diac surgery. Even though the incidence of DSWI has been
reported to be very low, there is still significant mortality and
morbidity associated with it. Conventional treatment of DSWI
involves surgical debridement, closed irrigation followed by
sternal reconstruction through the use of omentum or pectoral
muscle flaps. In addition to the above, several dressing materials
and techniques have been used. The VAC device as a treat-
ment modality for wounds of varying aetiology was initially
described in 1995 (16).

Meta-analysis studies have reported superiority of the VAC
therapy over the conventional treatment in the management
of DSWI and, therefore, it has been adopted as the standard
treatment (17–19).

Wound factors that may enhance VAC therapy outcomes such
as good blood supply, a healthy granular bed, high levels of
wound exudate and a wound width of more than 2 cm have
been well established in the literature. However, we believed
that more information relating to the effect of specific patient
characteristics and comorbidities on the VAC outcomes was
needed (20).

Several retrospective studies were carried out in an attempt
to identify the commonest risk factors associated with
DSWI (18).

With regard to gender, postoperative complications in
women are more deleterious than in men with the same com-
plication (21). In our study, we demonstrated a better long-term
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Figure 2 Kaplan Meier analysis, illustrating the three risk factors that significantly influence the long-term survival of patients treated with
vacuum-assisted closure (VAC) therapy (P ≤0⋅05). Graph (A) illustrates a better long-term survival in patients who are not receiving long-term
corticosteroid treatment (P ≤0⋅01). Graph (B) also illustrates a better long-term survival for patients without chronic obstructive pulmonary disease
(COPD)/emphysema as opposed to those who have the disease (P ≤0⋅01). Graph (C) illustrates a reduced long-term survival as patients become older
(P ≤0⋅01) (0=45–50 years old, 1= 51–55 years old, 2=56–60 years old, 3=61–65 years old, 4=66–70 years old, 5=71–75 years old, 6=76–80 years
old, 7=81–85 years old).

survival in men than in women where the non-statistical
significance of this outcome may be explained by our small
sample size.

In our retrospective study, we found advanced age,
COPD/emphysema and the long-term use of corticosteroids
to be statistically significant contributory risk factors in the
outcome of patients treated with VAC (P≤ 0⋅05) (Figure 2).

Even though diabetes is a significant risk factor for the occur-
rence of DSWI, it has also been reported as a non-significant
predictor for VAC failure (22–26). This is also applicable to our
results that illustrate diabetes as a non-significant contributing
factor in the long-term survival of our patients (Figure 3).

With regard to smoking, the best long-term outcome was
seen in patients who never smoked; however, our results were
non-statistically significant (P≥ 0⋅05) (Figure 3). Smoking has

been identified as a potential risk factor for the development
of DSWI following cardiac surgery but at the same time, it has
not been considered as a significant predictor for VAC therapy
failure (8,26).

Our study has also shown an improved long-term survival in
patients who underwent skeletonisation of the internal thoracic
artery (P≥ 0⋅05) (Figure 3). The skeletonisation harvest tech-
nique involves meticulous dissection of the internal artery and
is already known to drastically reduce the incidence of DSWI
because of the better preservation of collateral sternal blood
flow and internal thoracic veins. Even though most cardiotho-
racic surgeons are, therefore, encouraged to use this technique
in their practice, many are reluctant to do so as this technique
is technically more demanding, more time consuming and can
easily lead to graft conduit damage (22,27,28).

© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd 1145
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Figure 3 (A) Gender was shown to influence long-term survival, with males possessing longer survival periods when treated with vacuum-assisted
closure (VAC) (P ≥0⋅05). (B) Smoking dramatically reduces long-term survival in patients treated with VAC (P ≥0⋅05). (C) The harvested graft conduit
has been shown to influence long-term survival in patients receiving skeletonised grafts surviving longer. (D) Patients with type II diabetes have been
shown to survive less following VAC therapy (P ≥0⋅05). (e) Survival was also reduced in patients whose wound cultures detected more than one
microorganism (P ≥0⋅05).
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Table 3 Correlation analysis using interdependency of the continuous variables studied in our sample (n=52)

Postoperative
days in hospital

(P value)

Survival
time

(P value)

EuroLogistic
score

(P value)
Weight in kg

(P value)
Age in years

(P value)

Postoperative days in hospital −0⋅213 (0⋅064) 0⋅022 (0⋅438) −0⋅041 (0⋅385) 0⋅077 (0⋅293)
Survival time −0⋅213 (0⋅064) −0⋅247 (0⋅039) 0⋅086 (0⋅272) −0⋅073 (0⋅303)
EuroLogistic score 0⋅022 (0⋅438) −0⋅247 (0⋅039) −0⋅282 (0⋅021) 0⋅052 (0⋅356)
Weight (kg) −0⋅041 (0⋅385) 0⋅086 (0⋅272) −0⋅282 (0⋅021) −0⋅165 (0⋅121)
Age (years) 0⋅077 (0⋅293) −0⋅073 (0⋅303) 0⋅052 (0⋅356) −0⋅165 (0⋅121)

Furthermore, patients whose wounds were infected with
more than one microorganism also clearly showed a worse
long-term prognosis than those infected with only one type
of microorganism (P≥ 0⋅05) (Figure 3). Once again, the
non-statistically significant outcome may be explained by both
our small sample size and the fact that only 21⋅2% of our
patients (n= 11) versus 78⋅8% (n= 42) were infected with
only one microorganism. Large randomised controlled trials
have concluded that the excellent outcomes of VAC therapy
are not associated with a reduction in the bacterial load. In
fact, an increase in the amount of Staphylococcus aureus has
been reported in patients treated with VAC as well as in a
case of staphylococcal toxic syndrome (29–31). S. aureus is
very common in post-sternotomy mediastinitis (32,33) and
its incidence has been shown to be as high as 40% in one
study (34). However, from the wound swabs analysed by in
our study, it was found that coagulase-negative staphylococci
(31⋅5%) and coliforms (27⋅4%) were reported most frequently
(Table 2). Our microbiology findings are consistent with other
studies that report coagulase-negative Staphylococci as one
of the commonest agents in post-sternotomy mediastinitis
(33). The incidence of S. aureus was low in our study (4⋅8%),
but it is understood that different studies that focussed on
postoperative DSWIs have also reported varied proportions
of microorganisms (33). Different reports have also included
different types and times of microbiological contamination
(pre-, peri- and postoperative) (35).

The effects of logistic EUROscore and postoperative hospi-
tal length of stay on the long-term survival of patients were
assessed using correlation analysis (Table 3). It was observed
that these two were the common risk factors that were found to
influence the outcome of the patients. Even though the length of
postoperative stay in hospital was proven to be non-statistically
significant (P= 0⋅06), it might be considered as a potential risk
factor and we do blame our small sample size for this slight
deviation of P value in this case from the accepted P value.

It is apparent in the present study that logistic EUROscore
appears to be one of the most significant contributing factors in
the outcome of this subgroup of patients (Table 3). In future, it
could be potentially used as a predictor for VAC therapy out-
come. Furthermore, the strong correlation between the logis-
tic EUROscore and weight (kg) does highlight once more the
indirect influence that weight has on the outcome of patients
treated with VAC therapy (P< 0⋅01), even though a weak corre-
lation was found between survival time and weight in this study
(Table 3). Even though obesity has, therefore, been identified as

one of the commonest risk factors associated with the develop-
ment of DSWI, we believe that it should not be excluded as a
contributory risk factor in the outcome of patients treated with
VAC therapy because it shows an indirect effect in this retro-
spect through its influence on the logistic EUROscore.

As no intra-hospital deaths were related to VAC therapy com-
plications, we conclude that VAC therapy is safe and effective
in the treatment of DSWI.

One of the strengths of our study is that our patient sample
was selected from a consecutive series, hence avoiding prob-
lems with selection bias. In addition, because the assessment
was carried out retrospectively, modification or interruption
of the treatment decision plan was avoided. Furthermore, the
follow-up was complete.

A limitation to our retrospective study is the small sample
size in combination with a lack of randomisation that makes
it underpowered to accurately detect the contribution of other
potential risk factors to the outcome of patients treated with
VAC therapy. It must also be noted that our study involved a
small patient sample without a control; hence, any conclusions
drawn should be carefully evaluated. In addition, assessment
of the quality of life of patients in retrospective studies is not
accurate and hence, it was not carried out in our study.

To our knowledge, only one study involving 37 patients was
carried out to determine the risk factors that could predict
the outcome of patients treated with VAC therapy (26). The
main difference between that study and ours is that it was
a retrospective cohort study and variables were assessed by
determining the VAC failure rate (%) as opposed to predicting
long-term survival of patients treated with VAC. Furthermore,
the study by Gdalevitch et al., found positive blood cultures,
wound depth of ≥4 cm and a wound bed consisting of ≥50%
bone as significant predictors of VAC therapy failure (P≤ 0⋅05).
However, advanced age, chronic lung disease and long-term
corticosteroid use were found to be non-significant predictors
of VAC therapy failure (P≥ 0⋅05), which was contradictory to
our findings (26).

Despite the factors that we investigated in this study, there
are other potential contributors/factors that might play an
indirect role in the reduction of perioperative and postoper-
ative mortality in cardiac surgery. These factors include the
administration of insulin, levosimendan, volatile anaesthet-
ics, statins, chronic beta-blockade, early aspirin therapy, use
of pre-operative intra-aortic balloon counterpulsion, admin-
istration of aprotinin, aged red cell blood transfusion and
high-volume referral centres (36). In our opinion, it would be
very interesting to investigate the effects of these factors on both
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the incidence of DSWI and the outcome of patients treated with
VAC therapy in future.

The findings of our study could be used as predictors to
the outcomes of patients receiving VAC therapy for DSWI,
although further evaluation and validation with prospective
randomised controlled trials is required.

Yu et al. in their recent best evidence topic comparing treat-
ment of VAC therapy versus conventional therapy in patients
with post-sternotomy mediastinitis concluded that VAC is an
effective and yet cost-effective option that should be used in the
treatment of patients with post-sternotomy mediastinitis. How-
ever, the scale of studies investigating VAC therapy to the more
conventional treatment options are all retrospective and hence
more randomised controlled trials need to be introduced to con-
firm the established differences in outcomes between VAC ther-
apy and conventional treatment strategies (37).

Conclusion

VAC therapy is a safe and effective technique for the treat-
ment of DSWI. Careful evaluation needs to be given in patients
considered for VAC therapy with certain risk factors such as
advanced age, COPD/emphysema, long-term treatment with
corticosteroids, high logistic EUROscore and prolonged post-
operative hospital stay. The logistic EUROscore could poten-
tially be used as a predictor for VAC therapy outcome.
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