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ABSTRACT
Deep sternal wound infection (DSWI) is a life threatening complication after cardiac surgery. In severe
cases, flaps are needed to cover the wound. However, it is controversial if an aseptic environment is
necessary at the time of wound closure. This is a retrospective study of 73 patients with DSWI treated by
debridement and local or free flap from June 2008 until December 2017. The influence of positive micro-
biological findings at the time of plastic reconstructive surgery on reoperation rate and length of in-hos-
pital stay was analyzed. Microbiological exams revealed positive results in 47 (64.4%) and no results in 26
patients. Reoperation had to be performed in 21.3% (positive cultures) versus 15.4% (p¼ .54), mean in
hospital stay was 24.1 days (positive cultures) versus 21.8 days (p¼ .39) and in-hospital mortality was 6.4%
(positive cultures) versus 7.7% (p¼ .83). Positive microbial findings at the time of plastic reconstructive
surgery in patients with DSWI are not associated with a higher reoperation or mortality rate or a longer
in-hospital stay. Repeated debridement and vacuum-assisted therapy to achieve negative microbial results
might not be necessary in the treatment of these patients.

KEY MESSAGES

� Positive microbial findings at the time of plastic reconstructive surgery in patients with deep sternal
wound infection seems not to be associated with a higher reoperation or mortality rate or a longer
in-hospital stay.

� The influence of positive microbiological findings at the time of plastic reconstructive surgery on
reoperation rate and length of in-hospital stay was analyzed in 73 patients with deep sternal
wound infection.

� Microbiological exams revealed positive results in 47 (64.4%) and no results in 26 patients.
Reoperation had to be performed in 21.3% (positive cultures) versus 15.4% (p ¼ .54), mean in hos-
pital stay was 24.1 days (positive cultures) versus 21.8 days (p ¼ .39) and in-hospital mortality was
6.4% (positive cultures) versus 7.7% (p ¼ .83).
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Introduction

Deep sternal wound infection (DSWI) is a life-threatening compli-
cation after median sternotomy with an incidence of 0.75–8%
[1–4]. According to the guidelines of the Center of Disease
Control and Prevention in the USA [5], the diagnosis requires at
least one of the following (1) an organism isolated from culture of
mediastinal tissue or fluid, (2) evidence of mediastinitis seen dur-
ing operation, (3) one of the following conditions: chest pain, ster-
nal instability or fever (>38 �C), in combination with either
purulent discharge from the mediastinum or an organism isolated
from blood culture or culture of mediastinal drainage. The patho-
genesis of DSWI is multifactorial, risk factors include obesity, dia-
betes mellitus, usage of bilateral internal thoracic artery grafts
and previous heart surgery [1,2,4]. Although the epidemiology
and risk factors of DSWI are well known, the optimal treatment
strategy and especially the appropriate timing of final wound

closure remains controversial and no official current guide-
lines exist.

Treatment of DSWI often includes radical debridement and
vacuum-assisted (VAC) therapy. Microbiological samples are taken
before or during debridement to choose the appropriate anti-
biotic therapy. Most common microbiological findings are
Staphylococcus epidermidis and Staphylococcus aureus [1,2,6]. It is
common practice to continue VAC therapy up to the point when
the surgeon evaluates the wound as eligible for either secondary
wound closure or plastic reconstructive techniques with flap
coverage [6,7]. However, it remains controversial if negative
microbiological findings, usually achieved by repeated debride-
ment and VAC therapy [8–11], are mandatory at the time of
wound closure [12–16].

The authors perform direct wound closure after radical
debridement of all necrotic tissue and defect coverage by flap in
a one-step operation regardless of microbiological findings under
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most circumstances. However, some patients already showed
negative microbiological findings at the time of coverage due to
prolonged VAC therapy in the referring hospital. The purpose of
the study was to analyze whether or not positive microbiological
germs from the surgical site in patients with DSWI at the time of
defect coverage influence the overall outcome.

Materials and methods

This is a retrospective study analyzing patients with DSWI accord-
ing to the guidelines of the Center of Disease Control and
Prevention in the USA [5]. Only patients with partial and total
sternotomy due to cardiac surgery were included in this study,
other patients with DSWI due to other causes were excluded.
Patients were referred either with previous debridement and VAC
therapy or without previous treatment. All treated patients were
hemodynamically stable without signs of sepsis or septic shock at
the time of reconstructive surgery [17].

Surgical procedure

Microbial swabs of the wounds were taken intraoperatively in all
cases at the time of reconstructive surgery and the patients were
treated with antibiotics accordingly. The samples were taken from
subcutaneous tissue. Existing foreign material (e.g. sternal wires)
were removed and all necrotic tissue were debrided until bleed-
ing occurred and the wound was irrigated thoroughly. Secondary
closure was performed regardless of the microbiological findings.
Repeated wound revision and repeated VAC therapy to achieve
negative microbial findings were not performed. All patients were
instructed to wear elastic pressure garments for 6weeks to main-
tain a stable chest wall during healing.

Data collection

We recorded the following variables in the database: age, sex,
body mass index (BMI), left ventricular ejection fraction (LVEF),
comorbidities of diabetes mellitus and chronic obstructive lung
disease (COPD), details on previous cardiac surgery including type
of operation, emergency procedure and bilateral use of internal
mammary artery for coronary revascularization. The period of time
between the initial cardiac surgery and start of wound healing
disturbance was assessed. Data concerning laboratory findings at
the time of wound closure (leukocytes and C-reactive protein) as
well as results of microbial samples, length of hospital stay (from
the day of reconstruction to the day of discharge) and mortality
rate were collected. The effect of positive microbiological findings
on the reoperation rate, length of in-hospital stay and mortality
rate were assessed. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki as reflected in
approval by the institution’s human research review committee
and the study was approved by the ethics committee of the
regional State Chamber of Medicine.

Statistical analysis

Clinical variables were tabulated according to their distribution
with median and range or expressed as percentages. Comparisons
between the independent groups were performed with the
X2-test for categorical variables. The continuous variables were
not normally distributed and thus compared by the
Mann–Whitney U-test. A p value of �.05 was considered

statistically significant. The data analysis was performed with IBM
SPSS Statistics 21 software (IBM, Corporation, USA).

Results

From June 2008 until December 2017, 73 consecutive patients (31
women and 42 men) with DSWI were treated. Previously per-
formed cardiac surgery procedures and baseline characteristics of
the patients are summarized in Tables 1 and 2.

Thirty-one patients were referred to our hospitals with VAC
and 42 without (primary operation). Sixty-five (89%) patients were
reconstructed by pectoralis major flap after radical sternal
debridement, the other patients were treated with other local,
pedicled or free microvascular flaps.

In 26/73 (35.6%) patients, microbial growth was negative. In
these patients, the mean length of hospital stay was 21.8 days

Table 1. Details on cardiac surgery procedures performed in the complete
cohort and within the two groups.

Total
(percentage of
all patients)

Patients with
positive microbial

findings (percentage
of 47 patients)

Patients without
microbial findings

(percentage
of 26 patients)

CABG 43 (59%) 27 (57%) 16 (62%)
Valve 14 (19%) 10 (21%) 4 (15%)
Partial sternotomy 5 (7%) 3 (6%) 2 (8%)
Combined surgery 16 (22%) 10 (21%) 6 (23%)

CABG: coronary artery bypass graft; valve: isolated valve repair or replacement;
combined surgery: CABG and valve surgery.

Table 2. Patient characteristics.

Patients with positive
microbial findings

(n¼ 47)

Patients without
microbial findings

(n¼ 26)
p

Value

Age (years) Mean 70.7 Mean 68.3 .26
Median 73 Median 71
Min 42 Min 49
Max 85 Max 83

Sex (male, %) 60 54 .64
Body mass index (kg/m2) Mean 29.1 Mean 25.8 .03

Median 28.4 Median 24.3
Min 20.9 Min 18.9
Max 40.0 Max 40.4

COPD (%) 30 38 .45
Diabetes mellitus (%) 49 54 .69
LVEF (%) Mean 52 Mean 47 .37

Median 55 Median 50
Min 20 Min 20
Max 65 Max 65

Bilateral use of internal
mammary artery for
coronary
revascularization (%)

70 85 .53

Emergency cardiac surgery
procedure (%)

21 4 .05

Period of time between initial
cardiac surgery and start of
wound healing
disturbance (weeks)

Mean 4.3 Mean 12.8 .04
Median 2.5 Median 8.0
Min 0 Min 0
Max 20.0 Max 40.0

CRP at the time of wound
closure (mg/dl)

Mean 6.1 Mean 4.1 .04
Median 4.6 Median 1.9
Min 0.6 Min 0.18
Max 34.1 Max 19.7

Leukocytes at the time of
wound closure (per nanoliter)

Mean 8.8 Mean 9.1 .27
Median 8.3 Median 9.4
Min 2.8 Min 5.1
Max 20.7 Max 14.5

COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection frac-
tion; CRP: C-reactive protein.
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(range 3–93, median 15.5). Four of these patients (15.4%) had to
undergo reoperation due to wound healing disturbances, result-
ing in an extended hospital stay of 58.7 days (range 36–93,
median 47). In-hospital mortality was 7.7% (n¼ 2).

Forty-seven of 73 (64.4%) patients showed positive microbio-
logical results. S. aureus and S. epidermidis were the most com-
mon pathogens. Table 3 summarizes the bacterial growths. There
was no difference in the reoperation rate (21.3%; p¼ .54), length
of stay (24.1 days; range 5–81, median 20.0, p¼ .39) and in-hos-
pital mortality (6.4%; p¼ .83) compared to the patients without
microbiological growth. Reoperations resulted in an extension of
hospital stay to 42.3 days (range 18–81, median 37.0).

Discussion

This study investigates the role of positive microbial findings at
the time of plastic reconstructive surgery in patients with DSWI.
The results suggest that negative microbiological findings at the
time of wound closure with flaps are not mandatory, as they do
not influence the length of in-hospital stay or mortality rate and
they are not associated with a higher short or long-term reopera-
tion rate. There are only a few studies investigating this subject
so far.

Most studies addressing the influence of positive microbial
findings on the outcome of DSWI are conducted in patients that
did not need soft tissue coverage but were closed primarily.
Rodriguez et al. [13] reported in a retrospective study about 159
patients with DSWI. Fifty-four of these patients were treated with
direct wound closure – regardless of the microbiological findings
– and a historical control group of 105 patients was treated with
VAC therapy and delayed wound closure. The latter stayed signifi-
cantly longer in the hospital. There was no statistical difference in
the readmission rate of patients that were closed with positive
and negative microbiological results (5% and 5.1%, p¼ 1.0).
Unfortunately, the reoperation rate was not reported. Of note, as
only some of the patients in Rodriguez and colleagues’ study
required soft tissue coverage, it can be assumed that DSWI in
these patients was not at such an advanced stage compared to
the present study. Yet these findings are in line with our data,
that negative microbiological results might not be mandatory in
these patients.

Assmann et al. [18] retrospectively analyzed 192 patients, who
were treated with VAC therapy and wound closure (120 patients)
or primary rewiring after disinfectant irrigation (72 patients). The
outcome of patients in the rewire group was significantly worse
regarding the length of mechanical ventilation, longer hospital
stays and higher in-hospital mortality rate. Primary rewiring failed
in 45.8% (n¼ 33). Our reoperation rate is noticeably lower. This

fact can probably be explained by our therapeutic approach to
remove all existing sternal wires etc. and to waive the rewiring of
the sternal components. Thus, the insertion of foreign material
could has led to the increased reoperation rate in the study by
Assmann et al. [19] as other authors have already shown, that
sternal rewiring may be associated with a higher rate of treatment
failure.

Very few studies investigate the impact of microbial findings in
DSWI patients requiring sternal flap coverage. Phan et al. [16]
retrospectively analyzed 135 patients with these problems.
Reconstructive plastic surgery was only performed when the
wounds were free of microorganisms. Ninety patients (69%)
healed primarily without any signs of wound dehiscence and/or
wound necrosis after flap coverage (mean follow up 11months).
Thirty-one percent of patients developed wound dehiscence and/
or wound necrosis needing additional surgery. 23.4% of the
patients with positive microbial findings in our study needed at
least one additional operation due to wound healing disturban-
ces. The mean length of hospital stay in this group of patients
was 45.0 days in Phans study, and in our group with contami-
nated wounds with reoperation 42.3 days. The comparison
between our data and the results by Phan et al. indicate that
negative microbial findings might not be crucial. In a multi-regres-
sion analysis Phan et al. demonstrated that microbiological find-
ings of more than four different species of bacteria colonizing the
wound increased the risk of wound dehiscence despite negative
microbiological findings at the time of wound closure. However,
no patient in our cohort had a wound colonialization with more
than four species.

Yu et al. [20] treated six patients with debridement and pector-
alis major muscle flaps for thoracic reconstruction in a single
operation. In five patients, organisms were found in the wound
culture prior to debridement. There were no major wound mor-
bidities, but one minor complication required a skin graft caused
by skin flap necrosis (16.7% reoperation rate). No patient died.
The authors attribute their good results mainly to the fact, that
treatment with debridement and flap reconstruction was not
delayed after the diagnosis, but only very few patients were
treated. In an older study, Cabbabe and Cabbabe [21] analyzed a
group of 497 patients that were treated with one-step radical
sternal debridement and bilateral pectoral muscle flap reconstruc-
tion regardless of the bacterial growth between 1986 and 2008.
Twenty-four (4.8%) developed major wound dehiscence; the aver-
age length of hospital stay was 4.7 days and five (1%) patients
died. No further information about positive or negative cultures
at the time of treatment is provided in the article, but presum-
ably, a major part of the patients had positive cultures and the
authors report excellent results. In extremity reconstruction, it is
common clinical practice to close wounds after debridement des-
pite positive microbiological findings under most circumstances,
however only few studies support this clinical practice [15].

Another interesting finding in this study is that the period
between the initial cardiac surgery and the start of wound healing
disturbances is significantly lower in the patients with positive
microbiological findings (Table 2: mean 4.3weeks vs. mean
12.8weeks, p¼ .04). This might be a hint for a different patho-
physiology in the development of DSWI in both groups and
would be an interesting topic for further investigation. But it is
also an indicator that the group without microbial findings was
further along in the recovery process after the initial cardiac sur-
gery and this might have led to a better clinical outcome after
reconstructive surgery.

Table 3. Bacteria and fungi found in the patients with positive micro-
bial findings.

Number of
patients

Percentage
(total n¼ 47) (%)

Staphylococcus 33 70
Staphylococcus aureus 13a 28
Staphylococcus epidermidis 13b 28
Coagulase negative staphylococci 5 11

Candida albicans 5 11
Pseudomonas aeruginosa 4 9
Other 25c 53

In some patients, up to four different pathogens were isolated.
aIncluding two patients with MRSA (methicillin-resistant Staphylococcus aureus).
bIncluding five patients with MRSE (methicillin-resistant Staphylococcus
epidermidis).

cIncluding three patients with ESBL (extended spectrum beta lactamase).
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To our knowledge no existing study showed a negative impact
of positive microbial findings on the outcome of wound closure
after DSWI. On the contrary, the present study, as well as the
reported literature suggests equal outcomes independent of the
microbiological findings at the time of wound closure.

There are limitations to this retrospective study. Patients were
referred either with previous debridement and VAC therapy or
without previous treatment. This could have been a source of
bias. On the one hand, the previously not opened wounds might
not have been infected yet and therefore have a better outcome,
on the other hand, previous VAC therapy after thorough debride-
ment might lead to better results due to an earlier achievement
of a clean wound.

Negative microbiological samples do not preclude that wound
closure might have been performed while bacteria were still pre-
sent [22]. On the other hand, the issue of contamination of the
wound needs to be discussed, as positive microbial findings
might occur after a period of open wound treatment. The sample
size of each group is small. A group sample size of 708 would be
needed in both the groups to achieve >80% power to detect a
difference between the group proportions of 5.9% for
re-operation.

As the groups were not randomized, the patients with positive
microbial findings had a significantly lower BMI and significantly
less emergency procedures were performed in this group. The
C-reactive protein level in patients with microbiological positive
cultures was significantly higher than in patients with negative
cultures (6.1 vs. 4.1, p¼ .04). Gustafsson followed 16 patients with
DSWI, that were treated with debridement of foreign material and
necrotic tissue and consecutive VAC therapy until C-reactive pro-
tein level had declined to 3–7mg/dL [23]. The median C-reactive
protein level at closure was 4.5mg/dL. All patients were free from
DSWI at a follow up of 3months after the operation. The median
hospital stay was 22 days (range 12–120 days). Our treatment
regime was not guided by C-reactive protein levels, but the data
in our 73 patients suggest, that a C-reactive protein level, that is
elevated to 6.1 at the time of wound closure does not negatively
affect the outcome and the length of the hospital stay is compar-
able to the one in Gustafssons study. Two other patients’ charac-
teristics that differ between both groups (higher BMI and
emergency procedure rate) are higher in the positive microbial
finding group and are known as predictors for worse wound heal-
ing outcomes. Thus, it is particularly interesting that the outcome
of both the groups did not differ.

Conclusion

In conclusion, this study shows that positive microbial findings at
the time of defect coverage with flaps might not be associated
with a higher long-term reoperation rate or longer in-hospital
stay or higher mortality rate in patients with DSWI. Early wound
closure with flap coverage can be accomplished despite positive
microbiological findings at the time of wound closure. A pro-
longed VAC therapy to achieve negative microbial results seems
not mandatory in the treatment of DSWI after cardiac surgery.
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