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ABSTRACT
Background: Sternotomy is a classical surgical pro-

cedure for approaching the heart and mediastinum.

Sternotomy wound infections can be superficial or
deep. Objective: The aim of this study is to retro-
spectively evaluate the results of two treatments
for deep sternal wound infection (DSWI), closed
treatment (debridement, refixation and retrosternal
irrigation) and open treatment (debridement, VAC
therapy and then pectoral flap). Methods: Retro-
spective analysis of two methods of treatment
of DSWI in the period of six years. The first group
(G1): surgical debridement, sternum fixation with,
if necessary, retrosternal irrigation. The second
group (G2): surgical debridement, open sternum
with VAC therapy and subsequent pectoral flap
with sternum refixation if necessary. Sternotomy
wound infection will be classified according to the
depth of the affected areas and the time of infec-
tion. Risk factors, outcome, local findings, number
of revisions, number of hospital treatment days,
types of isolates, etiology of sternotomy, time from
onset of sternal instability to first surgical treat-
ment will be observed.: Results: The number of
patients with DSWI was 16, which represents 1%
of all sternotomy in the observed period. Mortality
in the DSWI group was 35%. Surgical myocardial
revascularization was initially performed in 73%
of patients with DSWI. Two risk factors for DSWI
were in 32% of patients and 25% had diabetes
mellitus. The average time for DSWI development
in G1 was 10 days (min 0, max 30) and in G2 was
20 days (min 12, max 30). Number of revisions in G1
(min 1, max 2), G2 (min 1, max 3). Average number
of hospital days were in G1 23.50 days (SD 13.15),
and in G2 38.17 days (SD 28.65). The sternum was
osteomyelitic and fragmented in 20% of patients.
More than one revision occurred in 40% of patients.

The main initial isolate was Enterococcus faecalis
in 27% of all DSWI (dominantly in G1 2/3 of all).:
Conclusion: We found that there is no statistically
significant difference in observed treatments, and
that each treatment has its own indications. We
suggested that studies with a larger sample are
needed for a definite opinion on this issue.
Keywords: Sternotomy, Deep Sternal Wound
Infection (DSWI), Anterior Chest Wall Infections,
VAC Therapy.

1. BACKGROUND

Sternotomy is a classical surgical procedure
for approaching the heart and mediastinum.
Sternotomy wound infections can be superficial
or deep. Deep sternal wound infection (DSWTI)
means infection of deep structures, ie. fascia
and structures below fascia. Such infections
correspond to postoperative mediastinitis. By
definition, at least one sign must be present for
DSWI: local sign of infection or spontaneous
dehiscence of the sternum, purulent discharge
from the wound, isolated bacterial causative
agent from the mediastinum, wound pain and
sternum instability and/or sternal click with
temperatures above 38°C. In addition, imaging
(CT or X-ray) may show signs of retrosternal or
bone infection with hemisternal dislocation.
DSWIis alife-threatening complication with an
incidence of 0.5-6% (9). It is associated with high
mortality (10-47%') and morbidity and prolong
hospitalization (15-30 days).

There are many risk factors for developing
DSWI typically divided into patient and peri-
operative ones. The main patient risk factors
are: diabetes, overweight, COPD, female gender,
chronic renal failure, osteoporosis. Patient risk
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factors are cumulative, therefore, their early recognition
is mandatory. The main perioperative risk factors are: in-
adequate skin disinfection, duration of operation, bilateral
IMA harvesting, IMA with pedicle or disconnection IMA
after bifurcation, urgent surgery.

The most common isolates in DSWTI are: Staphylococcus
aureus, Coagulase-negative Staphylococcus (CoNS), less
common are: Propionibacterium, Acinetobacter, Entero-
bacter cloacae, Escherichia coli, Klebsiella, Pseudomonas
aeruginosa, Acinetobacter baumannii, Proteus mirabilis.

There are several DSWI classification systems: El-Oakley
& Wright (1996) based on time to develop and risk factors
for DSWI, Rupprecht & Schmid (2013) based on sternal
stability and local infection findings, Pairolero & Arnold
(1984) based on timing for DSWI development and Greig
(2007) based on sternal segment affected (useful for flap
selection). Pairolero and Arnold classification is clinically
useful because it is generally believed that the later the
DSWI occurs, the greater the chance for stability of the
anterior chest wall and thus easier treatment. According
to mentioned, the most challenging treatment is in middle
form or so-called fulminant mediastinitis where sternal
dehiscence develop in first few weeks, usually 2-3 weeks.

Types of DSWI treatment

DSWI treatment evolved over the years, and the modern
approach includes conservative and surgical measures. It
must be aggressive immediately at admission and its aim
is to: eradicate the infection, stabilize the chest wall and
cover any cavities or defects.

Conservative treatment include preventive measures
such as systematic swabs before surgery, disinfection of
patients skin upon arrival at the hospital, also include spe-
cific intraoperative techniques: strict medial sternotomy,
preventive hemisternal wire reinforcement in osteoporic
sternums, gentle tissue handling, frequent disinfection of
the operative wound, avoidance of opening of pleural cavi-
ties, harvesting internal mammary artery above bifurca-
tion, avoidance of bilateral internal mammary artery use
in high-risk patients, use of incisional VAC.

Fighting the infection involves long-term (eg. in osteo-
mielitis it last 6 weeks) combined antibiotic therapy (first
ex juvantibus later according to the swab) and surgical
treatment (generous surgical debridement off all necrotic
tissue and removal of all exposed wires. Additionally, fight-
ing infection is done by retrosternal irrigation (if sternum
refixation is possible), VAC therapy, muscle or omentum
transposition (according to local availability), and partial
or complete sternectomy.

Stabilization of the sternum can be achieved by rewiring,
with lateral reinforcement, Robiscek technique or use of
sternal plates also with filling of the cavity with muscle flap,
also active VAC system can stabilize anterior chest wall.

Retrosternal irrigation

Retrosternal irrigation is performed via two Redon tubes
placed jugulary (via perfusomat: 0.5 ml/h of 0.05% heated
iodine solution) and via two chest tubes placed retroster-
nally for aspiration using classical Thoracic vacuum system.
Retrosternal irrigation is especially effective in retrosternal
soft tissue infections, but not in osteomyelitis due to poor
penetration into bone. In general duration of retrosternal
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irrigation should be around 7 days.

VAC therapy

VAC therapy for DSWI treatment is a method in which
the use of vacuum helps to heal a wound. The use of vacuum
therapy involves the use of a polyurethane sponge with
pores of half a millimeter, occlusive foil, fluid aspiration
catheters, reservoirs and negative pressure systems. Wound
cavity is continuously or intermittently exposed to negative
pressure which is generated by special portable devices.
The advantage of VAC therapy is the ability to continu-
ously remove exudates and bacteria from the wound while
stabilizing the chest wall and isolating the wound from
surrounding environment. VAC therapy enhances granula-
tion and vascularization, with increased parasternal blood
flow, eliminates dead space and patients can be mobilized
earlier (if a portable system is used).

Use of VAC is simple but attention must be paid to de-
tail. First the sponge must be cut according to the size and
shape of the wound cavity, in one piece. In the case of deep
wounds, the second sponge can be used. Extremely rarely
when severe dehiscence and destruction of the sternum
are present at time less than 3 weeks, where there is no
fibrous tissue over the heart, a third layer of vaseline like
protection is placed over the heart and aorta or dedicated
film sponge. At the top a self-adhesive transparent foil with
avalve for vacuum line is placed over, covering widely sur-
rounding skin. Sometimes, in the absence of original VAC
systems, various aspiration catheters are used, over men-
tioned sponge. Also in some institutions, given the cost
of portable devices, a vacuum is improvised over the wall
vacuum system, as well as using pre-sterilized sponges for
other purposes. Unfortunately, some sponges do not have
an adequate pore size, which are significantly smaller (up
to 100 times in surgical hand wash sponges). For this rea-
son, their use can be problematic, since after a few hours
there is a partial clogging of the pores at the bottom of the
wound. Since re-dressings are performed every 2-4 days!°
the edges of the foil and the catheter are reinforced with
wide strong adhesive plasters (eg. 3M). After covering of
the wound, the original valve or any used catheter from
the wound cavity is connected to the vacuum system on the
original device or to the wall vacuum. Both systems must
have an unloading bottle for fluid collection, especially for
wall systems in order to avoid contamination of vacuum
installations. A continuous (may impair microcirculation)
or intermittent vacuum (5 minutes on, 2 minutes off) with
a negative pressure of 50 to 250 mmHg is used, ideally 75-
100-125 mmHg. Dressing is better to be perform in OR if
additional debridement is needed. The size of the wound
and the appearance of granulation are monitored during
each re-dressing. Swabs are usually taken weekly and body
temperature, CRP and leukocyte count are monitored daily.

The decision to finish VAC therapy is based on the gener-
al condition of the patient and local wound findings (wound
size and granulation), normalization of leukocyte count and
inflammatory factors (CRP <40-60) and eradication of the
causative agent (negative wound wipe). For VAC according
to modern recommendations duration should be short as
possible (<4 days) because complications are more common
with prolonged VAC treatments. For severely ill patients
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G1 (without VAC) G2 (with VAC) Total
Gender M 8 (72%) F1(28%) M2 (33%) F 4 (66%) M 10 (66%) F5(33%)
Age Mean 68 (SD 9) Mean 64 (SD 4) Mean 66 (SD 6)
Type of initial operation No % No % No %
CABG 4 36% 7 64% 11 73%
Non CABG 2 100% 0 0% 2 13%
CABG + aortic valve 2 100% 0 0% 2 13%
Total 8 7 15 100%
DSWI risk factors No % No % No %
Weight (>BMI) 2 66% 1 33% 3 9
Diabetes Melitus 2 25% 6 75% 8 25
Female 1 14% 6 86% 7 21
COPD 1 50% 1 50% 2 6
PVD 2 100% 0 0% 2 6
Miscellaneous 10 100% 0 0% 10 31
Total 18 56% 14 44% 32 100
2 risk factors 6 50% 6 50% 12 37%
Initial pathogenic bacteria No % No % No %
Enterococcus faecalis 4 66% 2 33% 6 27%
Stenotrophomonas maltophilia 1 100% 0 0% 1 4.5%
Pseudomonas species 1 100% 0 0% 1 4.5%
Staphylococcus epidermidis 1 100% 0 0% 1 4.5%
MRSA 2 100% 0 0% 2 9%
Serratia marecens 1 50% 1 50% 2 9%
E. coli 1 100% 0 0% 1 4.5%
Proteus mirabilis 0 0% 2 100% 2 9%
Citrobacter freundi ESBL 0 0% 1 100% 1 4.5%
Acinetobacter baumanii 0 0% 1 100% 1 4.5%
Klebsiella pneumonie ESBL 0 0% 3 100% 3 13%
Pseudomonas aerouginosa 1 100% 0 0% 1 4.5%
Total 12 54% 10 46% 22 100%
No isolates > than 1 4 57% 3 43% 7 31%
Days before revision Mean 10.67 (0-30) Mean 20 (12-30)
Days of hospitalization Mean 23.50 (SD 13.15) Mean 38.17 (SD 28.65)
Local findings No No Total
Sternum preserved, exposed wires 9 3 12
Sternum osteomyelitis fragmented 0 3 3
Total 9 6 15
Number of revision No No Total
One 7 2 9
Two 2 2 4
Three 0 2 2
Total 9 6 15
Outcome No No Total
Alive 6 3 9
Exitus 2 3 5
Total 8 6 14

Table 1. The sample of the stdy inestigated during research - M - Male, F - Female
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who probably will not survive flap surgery we have to plan
long VAC period finishing with skin sutures (all other will
got flap as early as possible).

The pectoral flap can cover the wound and fill the cavity
of the sternum (in cases of a partial/full sternectomy). The
pectoral unilateral sliding flap proved to be simple, readily
available and the best option. Bilateral pectoralis muscle
can be used for tension prevention. But, when pectoralis
tendon is cut and muscle is overturned bilateral flaps have
large operative wound and cause mutilation (authors no
longer use it). For lower half of the wound cavity we can
use the rectus abdominus muscle. During flap covering,
two Redon tube are placed in the medial line over ster-
num and one over and below the muscle itself. The muscle
(with immersion of the edge of the muscle in the cavity of
the sternal defect) is fixed to the contralateral fascia or to
the remains of the ribs with interrupted sutures. Redon
tubes under the flap are removed when daily drainage is
below 5-15ml (It usually takes 2-3 weeks). The skin and
subcutaneous tissue over flap are closed with interrupted
sutures in one or two layers. Over closed wound incisional
VAC can be placed. Postoperatively fixation of the breast
should be performed to the contralateral with a wide tape
(10 cm, from the middle to the middle axillary line) or for
the contralateral shoulder. The arm is fixed to the body for
24-48 hours, then the arm is allowed to move, but without
abduction and lifting the body with the arms.

A special type of VAC therapy is the so-called incisional
VAC. In high-risk patients, the VAC system is preventively
placed on the skin after closing the operative wound. Re-
dressing is performed on every second day with duration
of treatment of 9-10 days. This treatment achieves cavity
obliteration, removal of clots and eventually bacteria and
better blood circulation.

2. OBJECTIVE

The aim of this study is to retrospectively evaluate the results
of two treatments for deep sternal wound infection (DSWI),
closed treatment (debridement, refixation and retrosternal
irrigation) and open treatment (debridement, VAC therapy and
then pectoral flap).

3.MATERIALAND METHODS

Retrospective analysis of two methods of treatment
of DSWI in the period of six years. The first group (G1):
surgical debridement, sternum fixation with, if necessary,
retrosternal irrigation. The second group (G2): surgical
debridement, open sternum with VAC therapy and subse-
quent pectoral flap with sternum refixation if necessary.
Sternotomy wound infection will be classified according to
the depth of the affected areas and the time of infection.
Risk factors, outcome, local findings, number of revisions,
number of hospital treatment days, types of isolates, etiol-
ogy of sternotomy, time from onset of sternal instability to
first surgical treatment will be observed.

4. RESULTS

Over a five-year period, we had 16 patients with DSWT at
the Clinic for cardiovascular surgery. In that period, 1600
patients were operated using sternotomy approach, indi-
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cating incidence of DSWI as 1%. We compare two groups
of patients, those who were not treated with VAC therapy
(sternal refixation and retrosternal irrigation) (G1) and
those who were treated with VAC therapy (VAC and later
flap coverage) (G2), we had the following results.

5.DISCUSSION

There are several therapeutic strategies for DSWI treat-
ment, where early recognition and antibiotic therapy along
with urgent surgical treatment of the wound is crucial and
there is no discussion about it. Usually, in the initial DSWTI
treatment, mechanical and chemical debridement is per-
formed under general anesthesia (all necrotic content and
osteosynthetic material were removed; the wound is re-
peatedly and thoroughly washed with iodine and hydrogen
peroxide). In the early form (Type I of Pairolero and Arnold
classification), the primary goal is to stabilize the chest wall.
Since there are often no signs of osteomyelitis and sternal
maceration nor retrosternal abscess or intense secretion
we perform only sternal refixation without retrosternal
irrigation. But, we encourage it use because it simplicity
and potentially great benefit. If there is second form (Type
IT) we have to fight both the infection and the instability
of the chest wall. So, after surgical debridement before
sternal refixation (if there are no local signs of osteomy-
elitis) retrosternal irrigation is mandatory. More recently,
for this stage, muscle flap coverage is recommended. If
the local finding does not allow refixation of the sternum,
VAC therapy is performed and a subsequent muscle flap is
planned. In case of the third form (Type III), the primary
goal is to fight chronic infection by surgical debridement,
extraction of all wires and close wound over a Redon tube.
VAC therapy or muscle flap is rarely required.

According to our results, related to the age of patients,
statistically there was no significant differences in groups
(t=10.985, Sig 0.369). According to the literature, there are
slight younger patients with the DSWI, with mean of 53
years®. Also in this table the gender distribution over G1 and
G2 shows that there is no statistically significant correlation
between gender and G1/G2 (Fisher exact test, Sig = 0.89),
although there are slightly more females in G2. But, overall
there we found 2/3 men vs. 1/3 women as in other studies.

We found that surgical myocardial revascularization
(CABG) was dominant initial surgical procedure in all
DSWI. Probably, because the risk factors for ischemic heart
disease overlap with the risk factors for DSWI.

We found that two dominant bacteria detected in DSWI
were Enterococcus faecalis and Klebsiella pneumonie ESBL.
In the literature, the main and most common isolate is
Staphylococcus aureus, which is very difficult to treat. In
our sample, Staphylococcus aureus was in 3rd place. Also
at Thoracic surgery department KCUS the most common
wound isolates were Pseudomonas aeruginosa and Staphy-
lococcus aureus. Also we had multiple isolates in 1/3 of the
patients.

The local findings influenced the decision on the type of
treatment. Thus, according to the results, we see that pa-
tients with osteomyelitis and multiple fragmented sternum
were treated with VAC with subsequent flap. Some patients
with locally preserved sternum were treated in this way,
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probably according to the operator’s assessment that the
wounds were very dirty. According to the above results,
there is a statistically significant correlation between the
local finding and the used operational technique Fisher ex-
act test), Sig = 0.044, with a moderately strong correlation
between Cramers V = 0.612. Some authors in case of dirty
wounds recommend a period of VAC therapy (unedifying it)
with delayed wound closure after 3x sterile swabs while oth-
ers look mainly on local findings. According to our results,
before new recommendations we tend to close sternotomy
wounds quite late after VAC, waiting for granulations and
a series of negative swabs. Now, we tend to closure of the
wound as early as possible after VAC, preferably within 7
days. We noticed, although we did not show in the results
of this paper, that patients waiting for the wound to be
microbiologically clean, and granulations to cover entire
wound entered in a protein deficit that is extreme in all
patients with complications and often end lethal. Also, in
some patients the systemic inflammation parameters were
normalized, locally the wound was clean without discharge
but a positive swab arrived again and again. According to
recently published papers, there is evidently better success
in early coverage of the wound with flap in one act or as
soon as possible in VAC cases, in addition to the obliga-
tory aggressive antibiotic treatment. Therefore, we believe
that in hospitalized patients and other whose wound is not
dirty (fistula with pus, very dirty on revision, a necrotic or
multiple fragmented sternum, hemodynamically unstable
patient) the wound should be closed immediately in one
act. If the wound is neglected, it is necessary to postpone
the closure and flap for a maximum of 4-7 days. Until then,
after debridement, the wound should be left open with the
placement of VAC and intravenous antibiotics. The impor-
tance of early definitive closure is shown by the fact that
mortality is twice as low in closure in 1 to 3 days than in
4 to 7 days from the diagnosis of DSWI. Not to mention a
larger number of reinterventions, prices, etc. We would here
emphases treatment of severe DSWI in one act, it includes
mechanical and chemical debridement, retrosternal irriga-
tion, sternal refixation, and pectoral flap. Our position was
in line with the term “flap fixation”. Where the wires are
placed again with the obligatory covering with a flap, which
results in better stability of the front wall of the chest and
quality of life if the bone is preserved as much as possible.
But, for this approach the literature and properly random-
ized studies should be additionally followed, because there
is a dilemma whether in the case of a dirty wound that is
covered with VAC after debridement, wires should be placed
at all at the final revision.

Alsoin patients from G1 were treated during initial hos-
pitalization while G2 patients were treated in the second
hospitalization when severe DSWI was observed. Mean
DSWI onset time for both groups was 10 and 20 days (table
1) from the initial operation. The onset time of DSWIin the
literature is 25.8 day, with two subgroups early and late®.

Regarding the number of days of hospitalization, there
is statistically no significant differences in G1/G2 groups
(t=-1.290, Sig 0.221). The median time after G2 treatment
is 38 days and is much longer than the literal data of 21
days?. Although there are papers that show such long hos-
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pital treatments as well. As our experience improve we try
to decrease VAC days and now we are trying to keep the
VAC for a maximum of 3-7 days, if the local findings allow
it, due to new recommendations. So, we expect shorter
hospital stays in G2 in the future. The mean duration of
hospitalization in G1 is 23 days, which is in reality even
less because the days from arrival to the initial operative
procedure are included here.

Our overall mortality was about 30%, but there was no
statistically significant association between outcome and
local findings. This indicates the existence of a number
of other factors that deplete patients’ biological reserves
during long-term hospitalizations. We think that hypo-
proteinemia which was present in our patients is one of the
most important factors in healing DSWI. Also, such a high
mortality compared to the literature! (10-15%) is probably
due to incorrect treatment and neglected patients treated in
outpatient medical facilities. Namely, all patients from G2
were admitted to the hospital after a period of outpatient
treatment and not by a surgeon. Although there are series
with high mortality as in our data set.

The number of revisions is slightly higher as we approach
more complex modalities of operative wound treatment,
given that they are certainly reserved for more severe
forms of DSWI. In the literature, the number of revisions
ranges from one (61.5%) to three (11.5%) °. The use of VAC
with subsequent flap is reserved for dirtier wounds that
are difficult to heal by themselves and sometimes have to
be revised several times. But, according to our results, this
increase is not statistically significant as there is no correla-
tion between the number of revisions and the operational
technique used Fisher exact test = 3.896, Sig = 0.103.

According to our results, although we had a rather small
sample, we did not find a statistically significant correlation
between outcomes and operational techniques used (G1 or
G2) Fisher exact test, Sig =0.580.

6. CONCLUSION

DSWI is a life-threatening complication after cardiac
surgery. Although rare, mortality, morbidity and treatment
costs are very high and treatment should be approached
very aggressively with immediate revision. Taking preven-
tive measures in high-risk patients is important. It is good
practice to perform CT of the thoracic organs immediately
after diagnosing DSWI.

We believe that the following views can be emphasized.
Primarily, ex-juvantibus and directed aggressive antibiotic
therapy in consultation with an infectologist. An urgent
consultation with a plastic surgeon and presence at the
initial debridement is required for flap selection and pos-
sible sternum fixation. The goal is to cover wound with flap
early, and if that is not possible due to instability, to set the
VAC as short as possible until definitive closure with flap.

We believe that there is no difference between the op-
erational techniques used (G1 and G2), ie. each technique
has its own indications. Thus, VAC treatment is reserved
for heavily contaminated wounds as well as those patients
who are hemodynamically unstable to be candidates for
sternum refixation. All other patients should be closed im-
mediately with retrosternal irrigation.
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