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Abstract

Background: The median sternotomy incision was first
described for usein cardiac surgery by Julian and colleagues
in 1957. They demonstrated discrete advantages of the median
sternotomy incision for cardiac surgery, particularly, improved
surgical efficiency, excellent exposure of the heart, great
vessels and pulmonary hila, and reduced pulmonary trauma.
This was a convincing argument for median sternotomy as
the incision of choice for cardiac surgical procedures.

Aim of Study: The present study was the evaluation of
the efficacy and safety of using of vacuum assisted closure
system in treatment of post sternotomy mediastinitis.

Material and Methods: A search of the scientific literature
was carried out querying electronic databases to identify
relevant studies about VAC therapy and post sternotomy
mediastinitis: PubMed, Embase, Cochrane Library, Dare,
Sumsearch and Scirus.

Results: Application of inclusion and exclusion criteria
to study abstracts yielded 8 articles. A total of 400 studies
were identified from the database search. After review, atotal
of 11 studies were selected. This systematic review and meta-
analysis conducted among 11 studies and aimed at evaluation
for the efficacy and safety of VAC in treatment of sternal
wound infection.

Conclusion: This meta-analysis concluded that VAC when
used in treatment of DSWI, can lower mortality and ICU
admission days. Diabetes and obesity were common among
those who had deep sternal wound infection.
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Introduction

THE median sternotomy incision was first de-
scribed for use in cardiac surgery by Julian and
colleaguesin 1957. They demonstrated discrete
advantages of the median sternotomy incision for
cardiac surgery, particularly, improved surgical
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efficiency, excellent exposure of the heart, great
vessels and pulmonary hila, and reduced pulmonary
trauma. Thiswas a convincing argument for median
sternotomy as the incision of choice for cardiac
surgical procedures [1].

Surgical site infection (SSl) following cardio-
vascular surgery is reported to occur in 1-10% of
cases and can result in prolonged hospitalization
and a higher mortality rate (9.8-14 %) [2].

Patient related factors contributing to the risk
of SSIs after cardiothoracic surgery have been well
described in the literature and include obesity,
renal insufficiency, diabetes mellitus, advanced
age, gender, chronic obstructive pulmonary disease,
smoking, steroid use, and length of hospitalization

(>5 days) [3].

Surgical risk factorsinclude the use of 1 or 2
internal mammary artery (IMA) grafts (especially
bilaterally and when using a pedicled IMA), dura-
tion of surgery and perfusion time, prolonged
mechanical ventilation, post-operative bleeding,
re-operation, sternal rewiring, extensive electro-
cautery, shaving with razors, and excessive use of
bone wax [4,5].

Complications may affect the superficial part
of the wound, the sternum or the mediastinum.
Classical techniques such asirrigation drainage,
secondary closure or surgical reconstruction do
not always produce the desired effect, and the
infected wound remains a source of further com-
plications [6].

Vacuum-assisted closure (VAC) isanew tech-
nique that was originally developed for the needs
of plastic and reconstructive surgery in the late
1990s. After afew yearsit found its place in the

2435


http://www.medicaljournalofcairouniversity.net
mailto:mo7amed4shalapy@yahoo.com

2436 Using of VAC Systemin Treatment of Post Sternotomy Mediastinitis Systematic

treatment of chest wound infections. The VAC
system is becoming more and more widespread as
one of the elements of wound infection therapy

(.
Aim of the work:

The present study was the evaluation of the
efficacy and safety of using of vacuum assisted
closure system in treatment of post sternotomy
mediastinitis.

Patients and M ethods

Search strategy: A search of the scientific
literature was carried out querying electronic da-
tabases to identify relevant studies about VAC
therapy and post sternotomy mediastinitis: PubMed,
Embase, Cochrane Library, Dare, Sumsearch and
Scirus.

The keywords used to search for articles were
connected with treatment and outcomes, as enu-
merated below: Keywords relating to disease:
Mediastinitis; and Post sternotomy wound, key-
words relating to treatment: Vacuum-assisted clo-
sure therapy; negative-pressure wound therapy;
VAC and traditional therapy; VAC and standard
moist wound therapy; and VAC and standard dress-
ing, keywords relating to outcomes: Mortality,
length of stay and hospital stay and the PubMed
Related Articles function: which links each article
to alist of references with similar content, was
also used. Manual searching aimed to identify
relevant studies from areference list of articles.

Inclusion criteria: Studies published after 2011,
adult patients 18- 65 years old and studies including
follow-up for one month.

Exclusion criteria: Studiesirrelevant to key
words, small sample size or Underpowered studies
(less than 50 patients) and case report studies.

Quality assessment: The methodology of each
study was assessed independently by two authors
who evaluated five potential sources of study bias.
Disagreements were solved by consulting the third
author by consensus, the method of allocation to
study groups (random, 2; quasi-random, 1; and
selected concurrent controls, 0). The data analysis
and presentation of results (appropriate statistical
analysis and clear presentation of results, 2; inap-
propriate statistical analysis or unclear presentation
of results, 1; and inappropriate statistical analysis
and unclear presentation of results, 0), the presence
of baseline differences between the groups that
were potentially linked to study outcomes (of

particular importance for observational studies: no
baseline differences present or appropriate statistical
adjustments made for differences, 2; baseline dif-
ferences present and no statistical adjustments
made, 1; and baseline characteristics not reported,
0), the objectivity of the outcome (objective out-
comes or subjective outcomes with blinded assess-
ment, 2; subjective outcomes with no blinding but
clearly defined assessment criteria, 1; and subjective
outcomes with no blinding and poorly defined, 0);
and the compl eteness of follow-up for the appro-
priate unit of analysis (90%, 2; 80e90%, 1; and
80% or not described, 0).

Data extraction and data analysis:We comput-
ed weighted estimates and 95% confidence intervals
(Cls) of morbidity, intensive care unit duration,
and hospitalization by random-gffects meta-
regression analysis. We computed ~~ and | statis-
tics of heterogeneity. An | % value >50 was consid-
ered indicated the presence of heterogeneity. Pooled
risk ratios were calculated using a random-effects
model to obtain arobust estimate of morbidity,
intensive care unit duration, and hospitalization.
In contrast to classic regression, in meta-regression
the smallest unit of observation isthe individual
study, not the individual patient. Random-effects
modeling accounts for both within- and between-
study variability and Higgins I-squared (I %) statis-
tical model was used to assess variations in out-
comes of the included studies. | ? less than 40%
corresponded to low heterogeneity. Depending
upon the strength of evidence for heterogenei ty
(p-value from the Chi-square analysis), | < of 41-
74% indicated moderate (p=0.05) or moderate to
severe (p=0.05), and I of 75% or higher suggested
substantial heterogeneity. Publication bias was
illustrated graphically using afunnel plot. The
methodological quality assessment of the included
studies was performed using the Cochrane collab-
oration tool for the systematic review and meta-
analysis, where each study was screened for five
different types of bias (selection, performance,
detection, attrition, and reporting bias). All statis-
tical analysis was performed using the Digitize
and the Cochrane Review Manager (RevMan)
version 5.3.

Results

Sudy selection:

Application of inclusion and exclusion criteria
to study abstracts yielded 8 articles. A total of 400
studies were identified from the database search.
After review, atotal of 11 studies were selected.
The PRISMA flowchart can be seenin Fig. (1).
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Fig. (1): PRISMA flow diagram of eligible studies.

Table (1): Summary of basic characteristics of the included studies included in our study.

First author Year of Type of study Semplesze () Cender
publication Totd ~ VAC  NonVAC  Male Female
Deniz 2012 A retrospective study 90 47 43 33 57
Fleck 2012 A retrospective study 524 326 198 61% 39%
Risnes 2012 A retrospective study 130 64 66 115% 15
Biefer 2012 A retrospective study 159 105 54 79.0% 21%
85.2% 14.8%
Vos 2012 A retrospective analysis 132 89 43 87 45
VosJ. 2012 A retrospective analysis 113 89 24 80 33
Tarzia 2014 A retrospective study 152 45 107 109 43
Barbera 2019 A retrospective analysis 73 37 36 33 40
Pan 2020 A retrospective study 132 66 66 91 41
Hamél &inen 2021 A retrospective study 129 55 74 103 26
Myllykangas 2021 A retrospective analysis 125 55 60 NM NM
The basic characteristics of the studiesincluded studies included in our systematic review. There

in this systematic review were showed in Table were 1759 participants included in this study. The
(1). The included studies ranged in publication sample size ranged from 73 to 529. Among them
from 2012 to 2021. There were all retrospective there were 978 treated by VAC.
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Table (2): Age and obesity among the included studies.

Age (years) Obesity/BMI
First author u\k()leiirat?i)n Study period ge byears) A
P VAC Non-VAC VAC Non-VAC
Deniz 2012 Between January 2000 & 67.96:1047 57.3*147 33(70.2%) 22 (51.2%)
December 2011
Fleck 2012 From 2002 to 2011 62+ 16 65+ 10 NM NM
Risnes 2012 From January 1997 to 68.2 (£9.2) 63.3 (¥10.2)
October 2010
Biefer 2012 Between January 1999 & 63.6+116 66.6£10.5 29.1(x38)  281(*4.1)
December 2008
Vos 2012 Between January 2000 & 67.9£10.1 66.4+12.1 NM NM
January 2011
VosJ. 2012 Between January 1, 2000 & 67.9£10.1 74.6+8.4 27.65.1 27.6%4.4
July 1, 2010
Tarzia 2014 Between January 2002 & 68+10 68+11 27.6£5.1 27.2£3.9
June 2012
Barbera 2019 Between March 2005 & 68.3+11 68.3%11 13 (29%) 24 (22%)
January 2018
Pan 2020 Between January 1, 2014 & 60.2+11.7 59.0+11.2 13.7% 13.7%
June 1, 2018
Hamalsinen 2021 Between 2007 & 2016 400 87 40to 87 27.1%4.0 26.7+3.8
15(22.7%) 9 (13.6%)
Myllykangas 2021 Between the years 2006 & 2018  67.9+9.7 67.5+10.1 25(45.5%)  28(38.4%)
30.61£5.6 30.0+55

BMI: Body Mass Index. NM: Not Mentioned.

The included studies ranged in records from
1997 to 2018. The age ranging from 40 to 70 years
among VAC group and ranging from 40 to 75 years

Table (3): Diabetes and redo surgery among the included studies.

among non-VAC group. The BMI ranging from 27
to 31 among VAC group while ranging from 26 to
28 among non-VAC group (Table 2).

First author Year qf Diabetes Re-do surgery
publication VAC Non-VAC VAC Non-VAC
Deniz 2012 15 (31.9%) 14 (32.6%) 4 (8.5%) 3 (6.9%)
Fleck 2012 25 20 NM NM
Risnes 2012 25 20 NM NM
Biefer 2012 31.7% 31.5% NM NM
Vos 2012 36 (40%) 16 (37%) NM NM
VosJ. 2012 36 (40.4%) 6 (25%) NM NM
Tarzia 2014 23 (51%) 32 (30%) 1(2%) 7 (6%)
Barbera 2019 12 (16.4%) 12 (16.4%) NM NM
Pan 2020 26 (39.4%) 25 (37.9%) NM NM
Hamalginen 2021 NM NM NM NM
Myllykangas 2021 33 (60.0%) 28 (46.7%) NM NM

NM: Not Mentioned.

The diabetes was common among studies in-
cluded in this systematic review [8] had 23 and 32
with diabetes among VAC and non-VAC groups
respectively [9] had 15 and 14 with diabetes among
VAC and non-VAC groups respectively [10] had
23 and 32 with diabetes among VAC and non-VAC

groups respectively [11] had 26 and 25 with diabetes
among VAC and non-VAC groups respectively [12]
had 25 and 20 with diabetes among VAC and non-
VAC groups respectively [13] had 31.7% and 31.5%
with diabetes among VAC and non-VAC groups
respectively (Table 3).
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Table (4): Incidence of infection and bacterial strain among the included studies.
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Year of INncidence of infection Bacterial strain
First author blicati
puUblicalion yac Non-VAC VAC Non-VAC

Deniz 2012 NM NM S.aureus-methicillin resistant S.aureus  S.aureus-methicillin resistant S.aureus

Fleck 2012 3.2% 2.5% Staphylococcus epidermidis- Staphylococcus epidermidis-
staphylococcus aureus-coagul ase staphylococcus aureus-coagul ase
negative staphylococcus negative staphylococcus

Risnes 2012 NM NM Staphylococcus aureus-staphylococcus Staphylococcus aureus-staphylococcus
epidermidis epidermidis

Biefer 2012 2% 2% Coagulase negative staphylococci- Coagul ase negative staphylococci-
staphylococcus aureus staphylococcus aureus

Vos 2012 NM NM Staphylococcus aureus-coagul ase Staphylococcus aureus-coagul ase
negative staphylococcus negative staphylococcus

VosJ. 2012 NM NM Staphylococcus aureus or coagulase-  Staphylococcus aureus or coagul ase-
negative staphylococcus strains negative staphylococcus strains

Tarzia 2014 29 (64%) 47 (44%) Staphylococcus aureus Staphylococcus aureus

Barbera 2019 NM NM Coagulase-negative staphylococcus-  Coagul ase-negative staphylococcus-
S.aureus S.aureus

Pan 2020 23.3% 23.3% Staphylococcus aureus-MRSA Staphylococcus aureus-MRSA

Hamal&inen 2021 1.6% 1.6% Coagulase negative staphylococci- Coagul ase negative staphylococci-
staphylococcus aureus staphylococcus aureus

Myllykangas 2021 NM NM Staphylococcus epidermidis- Staphylococcus epidermidis-

staphylococcus aureus

staphylococcus aureus

NM: Not Mentioned. S.aureus: Staphylococcus Aureus. MRSA: Methicillin Resistant Staphylococcus Aureus.

The incidence of infection after cardiac sur-
gery was 1.5% and by [g] was 64% while it was

coagul ase negative staphylococci, Staphyloco-
ccus aureus and Staphylococcus epidermidis

2% by [13] . The most common bacteriawere (Table 4).

Table (5): CABG and Euro score among the included studies.

First author Y ear Qf CABG Euro Score
publication VAC Non-VAC VAC Non-VAC

Deniz 2012 32 (68.1%) 29 (67.4%) 75+34 5.0£2.6

Fleck 2012 NM NM 3 6

Risnes 2012 100% 100% NM NM

Biefer 2012 51% 51% 10.3+125 9.4%11.2

Vos 2012 76 (85%) 31 (72%) NM NM

VosJ. 2012 76 (85.4%) 19 (79.2%) NM NM

Tarzia 2014 NM NM NM NM

Barbera 2019 40 (54.8%) 40 (54.8%) NM NM

Pan 2020 13 (19.7%) 15 (22.7%) 5.79+2.56 5.61+2.41

Hamaldinen 2021 52.3% 52.3% NM NM

Myllykangas 2021 40 (72.6%) 52 (86.7%) 34+23 4.83+6.6

NM: Not Mentioned.

The percentage of CABG and Euro score among
the included studies were shown in Table (5). There
were 85% and 72% had CABG by Voset ., [14,15].
And it was 54% among both groups by Barbera et

al., [16]. While [12] had included all participants who
had CABG. Regarding Euro score, it ranged from 3
to 10.3 among VAC group while it ranged from 4.8
to 9.4 among non-VAC group (Table 5).
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Fig. (2): Random-effects meta-analysis of the Euro score among included studies.

A total of 5 studies allowed for estimating the geneity across studies (| 2:97%; p<0.001). The overdll
weighted risk ratio between Euro score among VAC effect was not statistically significant (p=0.84). The
and non-VAC groups. There was significant hetero- pooled odds ratio was —0.26 (-2.71, 2.19) (Fig. 2).
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Fig. (3): Funnel plot showing possible publication bias across 5 studies.

On visual assessment of the funnel plots, publication of relevant trials, depending on the
publication bias was minimal for those 5 studies nature and direction of the results.

(Fig. 3).

Publication biasis the most well-known report- -X - BIAS
ing bias. It results from the publication or non- -y —» Samplesize.

Table (6): Outcome mortality and |CU duration among the included studies.

_ Year of Mortality ICU admission (d)

First author o

publication Non-VAC VAC Non-VAC VAC
Deniz 2012 6 13 >2 days=19 (40.4) 20 (46.5%)
Fleck 2012 8.5% 34% NM NM
Risnes 2012 34.6% 28.8% NM NM
Biefer 2012 2 (1.9%) 3 (5.5%) 4.08+5.02 3.242.3
Vos 2012 28% 23% 6.8+ 14.4 4.8+10.1
VosJ. 2012 12.4% 41.7% 6.8+ 14.4 185+21.0
Tarzia 2014 0(0%) 5 (11%) 5+7 9+15
Barbera 2019 2.7% 19.2% NM NM
Pan 2020 1 0 3(35) 4 (3-4)
Hamalinen 2021 18 (23.6%) 13 (17.6%) 4 1
Myllykangas 2021 8 (14.5%) 0 (0%) 105+13.4 6.9+17.7

NM: Not Mentioned.
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The mortality rate among the included studies intensive care admission was ranging from 4 day
to 11 days among VAC group and ranging from 3

ranging from 0 to 28 among VAC group and ranging
from 0 to 68 among non-VAC group. The mean to 20 days among non-VAC group (Table 6).

Fig. (4): Random-effects meta-analysis of the mortality rate among included studies.

All included studies allowed for estimating the studies (1 2:85%; p<0.001). The overall effect was not
statistically significant (p=0.41). The pooled odds ratio

weighted risk ratio between mortality rate among group
1 and 2. There was significant heterogeneity across for mortality rate was 0.70 (0.30, 1.63) (Fig. 4).
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Fig. (5): Funnel plot showing possible publication bias across included studies.
publication of relevant trials, depending on the

On visual assessment of the funnel plots,
nature and direction of the results.

publication bias was moderate for those studies

(Fig. 5).
Publication biasis the most well-known report- -X -~ BIAS.
ing bias. It results from the publication or non- -y - Samplesize.

Fig. (6): Random-effects meta-analysis of the ICU admission duration among 8 studies.



2442

A total of 7 studies allowed for estimating the weighted
risk ratio between 1CU admission duration among VAC
(Experimental) and non-VAC (Control) groups. There

Using of VAC Systemin Treatment of Post Sternotomy Mediastinitis Systematic

was significant heterogeneity across studies (| 2:97%;
p<0.0001) but the total overall effect was not statistically
significant (Z=0.19, p=0.85) (Fig. 6).
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Fig. (7): Funnel plot showing possible publication bias across 6 studies.

On visual assessment of the funnel plots, pub-
lication bias was minimal for those 7 studies (Fig.
7). The vertical axis of the plot used the standard
error to estimate the sample size of the study. The
horizontal spread reflected that most studies were
underpowered due to awide CI of the effect size
which not showed in our studies.

Publication bias is the most well-known report-
ing bias. It results from the publication or non-
publication of relevant trials, depending on the
nature and direction of the results.

-X - BIAS
-Y - Samplesize.

Table (7): Length of hospitalization, recurrence, and complications among the included studies.

Length of hospitalization Recurrence Complications

First author Ye_ar qf

publication /¢ Non-VAC VAC NonVAC  Non-VAC  VAC
Deniz 2012 268 31%9 1(2.1%) 2 (4.6%) NM NM
Fleck 2012 22+19 22+19 3.6% 10% 0
Risnes 2012 14 14 4 (6.3%) 14 (21.2%) 4 2
Biefer 2012 21.10+16.4 13.3x12.1 6 (5.0%) 2(5.1%) NM NM
Vos 2012 74161 45+38 NM NM NM NM
VosJ. 2012 74161 69+62 NM NM NM NM
Tarzia 2014 27+14 30£22 NM NM 18 (40%) 62 (57.9%)
Barbera 2019 16.9+4.9 16.9+4.9 0 0 9.6% 9.6%
Pan 2020 30 (22-47) 16 (14-23) 11 (1.7%) 6 (9.1%) 29 16
Haméainen 2021 38 18 7 1 NM NM
Myllykangas 2021 36.8+28.1 25.6+38.7 NM NM 25 (45.5%) 36 (60%)

NM: Not Mentioned.

The length of hospitalization was ranging from
14 daysto 74 days among VAC group while ranging
from 13 daysto 69 days among non-VAC group. The
largest hospitalization was 7461 days among VAC
group by [14,15] . The recurrence rate was ranging
from 1 caseto 11 patients among VAC group while

it was ranging from | patient to 14 patients. The
recurrence rare was zero by [16]. According to com-
plications, [8 had 40% and 57.9% complications
among Non-VAC group and VAC group. Also, [17]
had 45.5% and 60% with complications among Non-
VAC and VAC groups (Table 7).
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Fig. (8): Random-effects meta-analysis of length of hospitalization among VAC and non-VAC groups.

Estimating the weighted risk ratio between all nificant heterogeneity across studies (I >=100%;
studies regarding length of hospitalizationsin days p<0.001). The overall effect was not statistically
among VAC and non-VAC groups. There was sig- significant (Z=1.82, p=0.07) (Fig. 8).
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Fig. (9): Funnel plot showing possible publication bias across studies.

On visual assessment of the funnel plots, publi- publication of relevant trials, depending on the
cation bias was minimal for those studies (Fig. 9). nature and direction of the results.
-X - BIAS.

Publication bias is the most well-known report-
ing bias. It results from the publication or non- -y - Samplesize.

Fig. (10): Random-effects meta-analysis of recurrence among VAC and non-VAC groups.
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Estimating the odds ratio between 7 studies across studies (1 °=65%; p=0.009). The overall
regarding recurrence among VAC and non-VAC effect was not statistically significant (Z=0.19,
groups. There was significant heterogeneity p=0.85) (Fig. 10).
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Fig. (11): Funnel plot showing possible publication bias across studies.
On visual assessment of the funnel plots, publi- publication of relevant trials, depending on the
cation bias was minimal for those studies (Fig. 11). nature and direction of the results.
Publication bias is the most well-known report- -X - BIAS.
ing bias. It results from the publication or non- -y - Sample size.

Fig. (12): Random-effects meta-analysis of complications among VAC and non-VAC groups.

Estimating the odds ratio between 6 studies ogeneity across studies (I ?=68%; p=0.008). The
regarding presence of complications among VAC overall effect was not statistically significant (Z=
and non-VAC groups. There was significant heter- 0.42, p=0.68) (Fig. 12).
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Fig. (13): Funnel plot showing possible publication bias across studies.
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On visual assessment of the funnel plots, publi-
cation bias was moderate for those studies. (Fig. 13).
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publication of relevant trials, depending on the
nature and direction of the results.

Publication bias is the most well-known report- -X - BIAS.
ing bias. It results from the publication or non- -y - Samplesize.
Table (8): Literature appraisal using MINORS assessment tool.
. . Unbiased . Lossto  Prospective
First author A clearly Lgﬂgggvoef Pégﬁpeifit(l)\:]e Appropriate assessment A}%ﬂfxfhate follow-up calculation Total
stated aim . endpoints of study W-up less of study
patient of data ; period ;
endpoint than 5% size
Hamal&nen 2 2 0 1 2 2 2 0 1
Tarzia 2 2 0 2 1 1 2 0 10
Deniz 2 2 0 1 1 2 2 0 10
Fleck 2 2 0 2 2 2 2 0 12
Pan 2 2 0 2 2 2 2 0 12
Risnes 2 2 0 2 1 2 2 0 1
Biefer 2 2 0 2 2 2 2 0 12
Vos 2 2 0 2 2 2 1 0 1
Myllykangas 2 2 0 1 2 2 2 0 1
VosJ. 2 2 0 2 2 2 2 0 12
Barbera 2 2 0 1 2 2 2 0 1

Results of the quality assessment using the
MINORS tool can be seenin Table (8). The MI-

NORS score the 11 included studies ranging from

10to 12 out of 16 (Table 8).
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Myllykangas 2021 + + + + + + +
Pan 2020 + + + - _ + +
Risnes 2012 + + + = = + +
Tarzia2014 + = — — + + +
Vos 2012 + + + s s + +
VosJ. 2012 = = = + + +

Fig. (14): Methodological quality assessment of the included studies.
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Fig. (15): Quality assessment graph of the included studies.

Low risk of bias

Unclear risk of bias

High risk of bias

The overall quality of the included studies was
high. Due to adequate randomization and allocation
concealment, the risk of selection biasin studies
was low. The risks of performance, attrition and
detection bias were high because of inadequate
blinding of participants and outcomes, respectively.
Reporting bias across all studies was reduced due
to an adequate description of the study results.

Discussion

Patients undergoing cardiac surgical procedures
using sternotomy have significant risk of sternal
wound infection (SWI). Superficial sternal wound
infection (SSWI), which involves the skin, subcu-
taneous tissue and the pectoralis fascia, has an
incidence of 0.5% to 8%, with an associated mor-
bidity and mortality rate ranging from 0.5% to 9%.
The incidence of deep sternal wound infection
(DSWI), despite advances in prevention, still re-
mains significant, and ranges between 0.5% and
6.8% [18].

The median sternotomy is the most common
surgical approach for cardiac surgery. Once the
median sternotomy isinfected, it eventually devel-
ops into deep sternal wound infection (DSWI1).
DSWI is asignificant complication which occurs
in 0.8-8% of patients after median sternotomy [19].

The spectrum of sternal wound infections after
cardiac surgery ranges from superficial infections
to deep sternal infections known as mediastinitis.
DSWI is one of the most challenging complications
in cardiac surgery [20].

Even though the incidence of DSWI has been
reported to be very low, thereis still significant
mortality and morbidity associated with it. Con-

ventional treatment of DSW!I 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 [21].

Over the past decades, cardiac surgeons have
tried numerous methods of treating deep sternal
wound infections after heart surgery, ranging from
topical lavage and wound washing with antibiotics
to aggressive surgical interventions such as recon-
structive surgery with pectoral flaps or omental
flaps [22].

Vacuum-assisted closure (VAC) therapy has
been widely used for the treatment of wound in-
fection. VAC can improve healing of DSWI by
increasing wound blood flow, reducing bacterial
loads, enhancing formation of granulation tissue
[20].

VAC therapy has shown promising resultsin
the treatment of DSWI after cardiac surgery com-
parison with other therapeutic options. And it has
no standardized procedure, various strategies are
being used. The basic principle of operation is
debridement, administration of culture-specific
antibiotics, wound closure therapy [23].

This systematic review and meta-analysis con-
ducted among 1 1 studies and aimed at evaluation
for the efficacy and safety of VAC in treatment of
sternal wound infection.

A variety of techniques were used for the man-
agement of DSWIsin the control groups of both
theindividual studies and between studies. Asthis
clinical heterogeneity was expected, arandom
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effect model was selected for all comparisons prior
to the implementation of the meta-analysis.

In this meta-analysis, the length of hospitaliza-
tion was ranging from 14 days to 74 days among
VAC group while ranging from 13 days to 69 days
among non-VAC group. The largest hospitalization
was 74£61 days among VAC group by [14,15] .

When estimating the weighted risk ratio be-
tween all studies regarding length of hospitaliza-
tionsin days among VAC and non-VAC groups.
There was significant heterogeneity across studies
(1?=100%; p<0.001). The overall effect was not
statistically significant (Z=1.82, p=0.07).

In agreement with our findings, [21] performed
ameta-analysis of six observational studies (n=321)
and evaluated the difference in lengths of hospital
stay and mortality rates. They found that VAC
therapy, when compared with other more conven-
tional forms of treatment reduced in-patient stay
by 7.18 days [95% CI: 3.54, 10.82] without a
significant impact on mortality (odds ratio (OR)
0.61[95% ClI: 0.29, 1.27]).

Thisgoesin linewith Falagas et al., [25] as
Pooling of the outcomes of ten studies showed that
there was no statistically significant differencein
length of hospitalization between patients treated
with VAC and those treated with anon-VAC ther-
apy, [RR=22.25 (95% ClI: 27.52, 3.02)].

Contrary to Simek et al., [26] who postulated a
particular decrease in the in-hospital stay ( p<0.05)
in group treated by VAC in comparison to group
treated by closed irrigation therapy.

In our study, we found that the mortality rate
among the included studies ranging from O to 28
among VAC group and ranging from O to 68 among
non- VAC group. All included studies allowed for
estimating the weighted risk ratio between mortality
rate among group 1 and 2. There was significant
heterogeneity across studies (1 °=85%; p<0.001).
The overall effect was not statistically significant
(p=0.41). The pooled odds ratio for mortality rate
was 0.70 (0.30, 1.63).

In agreement with our results, Feo et al., [24]
studied 157 patients with post-sternotomy medias-
tinitis who had undergone VAC therapy after deb-
ridement or conventional treatment, which consist-
ed of primary wound reopening, debridement,
closed chest irrigation, topical application of gran-
ulated sugar and pectoralis muscul ocutaneous
reconstruction.

They also found no difference in mortality but
did find areduction in length of hospital stay
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(p<0.05) in their patients treated with VAC therapy
compared with those treated with closed irrigation
in addition to granulated sugar and hyperbaric
therapy (n=200). They also found that the rate of
reduction in C-reactive protein was significantly
faster in the VAC group (p<0.05) [23].

In contrast with our results, Petzinaet a., [19]
also found a reduced mortality rate (p<0.05) as
well as atendency towards shorter lengths of
hospital stay (p=0.08) when comparing the VAC
group with conventionally treated patients who
had drainage and irrigation, omentoplasty (when
appropriate) and stabilization of the sternum
(n=118).

They postulated that the increased number of
operative procedures required for the VAC treat-
ment (mean 5.5) compared with the conventionally
treatment (mean 1) offered optimal infection control
due to repeated debridement and microbiological
testing .

In disagreement with our results, ameta-analysis
by Falagas et al., [24] to examine the impact of
VAC therapy on mortality of patients with sternal
wound infections after cardiothoracic surgery. They
suggested that the use of VAC therapy was associ-
ated with lower mortality than non-VAC therapy
for the treatment of patients with DSWIs after
cardiovascular surgery RR=0.40, (95% CI: 0.28,
0.57).

Contrary to our results, Simek et al., found that
Topical negative pressure was associated with a
significantly lower the 1-year mortality (p<0.05)
in comparison with closed irrigation therapy [25].

In the present meta-analysis, we demonstrated
that the recurrence rate was ranging from 1 case
to 11 patients among VAC group while it was
ranging from | patient to 14 patients. The recurrence
rare was zero by Barberaet al., [16]. When estimat-
ing the odds ratio between 7 studies regarding
recurrence among VAC and non-VAC groups. There
was significant heterogeneity across studies (I %=
65%; p=0.009). The overall effect was not statisti-
cally significant (Z=0.19, p=0.85).

Thisgoesin line with Steingrimsson et al., [7]
showed that VAC therapy significantly reduced
the early post-treatment recurrence of mediastinitis
when compared with open packing and closed
irrigation (n=43). However, they found no signif-
icant differencesin length of stay, early or late
mortality rates.
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In contrast with our results, Segerset al., [26]
also reported lower rates of recurring infection and
therapeutic failure in their patients who had under-
gone VAC therapy compared with those who had
closed drainage (p<0.05) (n=63). The small sample
size and retrospective nature of the study encourage
acareful interpretation of those results.

In disagreement with our results, Falagas et al .,
[25] analyzed data from 22 papers. Among them
ten studies provided data on recurrence of DSWIs.
Pooling of these studies showed that recurrence
was less common among patients treated with VAC
compared to those treated with a non-VAC therapy,
[RR=0.34 (95% CI: 0. 19, 0.59)].

In the current meta-analysis, according to com-
plications, Tarziaet al., [8] had 40% and 57.9%
complications among VAC group and non-VAC
group. Also, Myllykangas et a., [17] had 45.5%
and 60% with complications among VAC and non-
VAC groups. Only, 6 studies reported about com-
plications. When estimating the pooled odds ratio
between 6 studies regarding presence of complica-
tions among VAC and non-VAC groups. There was
significant heterogeneity across studies (I >=68%;
p=0.008). The overall effect was not statistically
significant (Z=0.42, p=0.68).

Data on complications by Falagas et al., [24]
showed different types of complications in the
individual studies including remote infections,
sepsis, cardiovascul ar/neurol ogical/gastrointestinal
complications, renal failure, bleeding, multiple
organ failure, fistula, empyema, dehiscence, skin
graft requirement, skin necrosis, seroma, discharg-
ing sinus, partial flap loss, new atrial fibrillation.
However, only one study presented the total number
of complications patientsin each treatment arm.

In the current meta-analysis, the mean intensive
care admission was ranging from 4 day to 11 days
among VAC group and ranging from 3 to 20 days
among non-VAC group. A total of 8 studies alowed
for estimating the weighted risk ratio between ICU
admission duration among VAC and non-VAC
groups. There was significant heterogeneity across
studies (17=97%; p<0.0001) but the total overall
effect was not statistically significant (Z=0.19, p=
0.85).

In astudy conducted by Simek et ., [25] aimed
to compare clinical outcomes of two different
treatment modalities of deep sternal wound infec-
tion, topical negative pressure and the closed irri-
gation therapy. They demonstrated that Topical
negative pressure was associated with a signifi-
cantly lower failure rate of the primary therapy

(p<0.05) and shortening of the intensive care unit
stay (p<0.001).

In the present study, the diabetes was common
among studies included in this systematic review.
Tarziaet a., [8] had 23 and 32 with diabetes among
VAC and non-VAC groups respectively. Deniz et
al., [9 had 15 and 14 with diabetes among VAC
and non-VAC groups respectively.

Fleck and Fleck [10] had 23 and 32 with diabetes
among VAC and non-VAC groups respectively.
Pan et d., [11] had 26 and 25 with diabetes among
VAC and non-VAC groups respectively. Risnes et
a., [12] had 25 and 20 with diabetes among VAC
and non-V AC groups respectively. Biefer et al.,
[13] had 31.7% and 31.5% with diabetes among
VAC and non-VAC groups respectively.

Thisgoesin linewith Kamel et al., [27] who
showed that DM is common in patients with DSWI
and mediastinitis (51.66% of patients were diabetic).

This agrees with a study conducted by Schro-
eyerset a., [28] in which the incidence of diabetes
was 51%.

Similar findings were found in aretrospective
study conducted by Simek et al., [25] in which the
incidence of diabetes was 59% and Sha’ aban et
al., [29] reported that the incidence of diabetesin
DSWI patients was 53.3%.

In this meta-analysis, The BMI ranging from
27 to 31 among VAC group while ranging from
26 to 28 among non-VAC group. The obesity was
common among the studies included in our study.
There were 45% and 38% had obesity among VAC
and non-VAC groups.

There were 29% and 22% had obesity among
both groups respectively in a study conducted by
Tarziaet al., [8]. Deniz et al., [9) had 70% and 51%
with obesity while Pan et al., [11] had 22.7% and
13.6% among both groups respectively.

To add to our results Kamel et al., [27] shows
that obesity is common in patients with DSWI
(58.33% of patients were obese). This agrees with
a study conducted by Sha aban et al., [29] reported
that the incidence of obesity in DSWI patients was
70%.

This meta-analysis limited by those included
studies which comparing VAC with non-VAC were
all retrospective in nature. The great variability in
what the non-VAC arms of the studies must be
taken into account when considering the evidence
combined. No randomized controlled trial has been
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published yet. This reinforces the need for rand-
omized controlled trials in order to more accurately
establish differences in outcomes between VAC
and non-VAC.

Conclusion:

This meta-analysis concluded that VAC when
used in treatment of DSWI, can lower mortality
and ICU admission days. Diabetes and obesity
were common among those who had deep sternal
wound infection.
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