Original Article

Incidence, types and outcomes of sternal wound infections
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Objectives: To determine the incidence, types, risk
factors, identify organisms, and assess outcomes of
surgical wound infections (SW1s) after cardiac surgery at
a tertiary hospital in Riyadh, Saudi Arabia.

Methods: This historical cohort study reviewed the
chart of patients who underwent cardiac surgery at
King Khalid University Hospital, Riyadh, Saudi Arabia
between January 2009 and December 2014. The
proforma contained personal data, comorbidities, type
of  surgery,  microbiological  analysis,  and
management outcomes.
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Results: A total of 1241 patients were enrolled in the
study comprising 1,032 (83.2%) men and 209 (16.8%)
women. Forty (3.2%) patients developed SWI, of which
32 (2.5%) were superficial and 8 (0.7%) were deep.
Gender, obesity, diabetes mellitus, non-use of statins,
and coronary artery bypass graft (CABG) surgery were
not significant predictors of infection in the study.
Methicillin-susceptible Staphylococcus aureus was isolated
predominantly in 45%, followed by Klebsiella and
Pseudomonas species. Methicillin-resistant Staphylococcus
aureus, Enterococcus faecium, and extended PB-lactamase-
producing gram-negative organisms were pathogens
isolated in last 3 years of the review. Simple and vacuum
assisted closure therapies led to complete resolution
in 32 (80%) patients, while 8 (20%) developed
sternal osteomyelitis. All patients survived except one
with a deep SWI who died of uncontrolled sepsis.

Conclusion: Despite the low incidence of postoperative
SWis, the risk of sternal osteomyelitis development
persists. Meticulous choice of CABG components
and appropriate postoperative management, especially
detecting early signs of SW1I could contribute to lower its
incidence and complications.
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factors, outcomes
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he first sternotomy was performed for the excision

of tuberculous mediastinal lymph nodes by Dalton
et al.' It became subsequently the standard for cardiac
surgery from the late 1990s The majority of studies
on surgical wound infections (SWls) after cardiac
surgery reported mainly on deep SWIs with incidence
rates differing from 0.4% to 2.3%.>* Surgical wound
infections are divided into superficial and deep types
with emphasis to either involvement of the subcutaneous
tissue only or accompanied by sternal osteomyelitis
with or without mediastinitis.*> Deep SW1 is a serious
complication with mortality rates between 15% and
47%*7 though lower rates from 5% to 15% were
also reported by other studies.*® Identification of the
various risk factors is imperative for prevention and
management of SWI. The present study was conducted
aiming to determine the incidences, types, risk factors,
identify organisms and assess outcomes of SWIs in
patients who underwent cardiac surgery.

Methods. We conducted a historical cohort study
of the chart from our hospital database of 1,241
consecutive patients who underwent cardiac surgery by
median sternotomy at King Khalid University Hospital,
Riyadh, Saudi Arabia between 2009 and 2014, with
the aim of identifying patients with sternal wound
infections after cardiac surgery. Ethical approval was
obtained from the institutional review board of the
hospital. The following data were collected from the
medical records: demographic characteristics, including
age and gender; comorbidities; duration and type of
surgery; microbiological culture reports; and clinical
outcomes, which included the date of death or hospital
discharge. Surgical wound infections were classified
as follows: superficial SW1Is, where the infection was
confined to the skin and subcutaneous tissue, and
deep SWIs, where the infection was associated with
sternal osteomyelitis with or without infection of the
retrosternal space.*>” Clinical evidence of cellulitis and
a positive bacterial culture with 210° colony-forming
units were used as inclusion criteria for the diagnosis of
SWI. Samples for microscopy, culture and susceptibility
were collected via deep swabbing, tissue collection
and pus aspiration. Retrosternal space collection was
established by computed tomography scan of the chest.
The pre- and intraoperative risk factors including nasal
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colonization, body mass index, diabetes mellitus, use
of lipid lowering drugs and duration of surgery were
evaluated. They were also compared between patients
who developed SWIs and those who did not. Nasal
swab was routinely performed for all patients before
cardiac surgery. Positives cultures were treated with
appropriate local antibiotics with repeat cultures to
confirm eradication of colonization. The results of the
preoperative bacterial screening from the nasal canal
were obtained for every patient through the laboratory
information system. All patients as part of standard
hospital policy were provided intravenous cefazolin for
antimicrobial prophylaxis from time of intubation to a
maximum of 72 hours.

Statistical analysis. We calculated the incidence of
postoperative SWI. Categorical variables were expressed
as frequencies and proportions. Risk factors for SWI
were explored using odds ratios (ORs) plus their
respective 95% confidence interval (CI) and binary
logistic regression between the dependent variable (SW1)
and the independent variables. Statistical analysis was

performed using Statistical Package for Social Sciences
for Windows, version 20.0 (IBM Corp, Armonk, NY,
USA).

Results. A total of 1,241 patients who underwent
cardiac surgery during the study period were included,
of which 1,032 (83.2%) were men and 209 (16.8%)
were women. Surgical wound infections occurred in
40 (3.2%) patients, of which 32 (2.5%) had superficial
SWis (skin and subcutaneous tissue), while 8 (0.7%)
showed deep SWIs (complications of bone osteomyelitis
with/without retrosternal space collection). Among
the patients with SWls, 25 (62.5%) were men and 29
(72.5%) had a history of diabetes mellitus (Table 1).
Furthermore, 33 (82.5%) patients underwent different
types of coronary artery bypass graft (CABG) surgery;
of these, 29 (72.5%) patients underwent left internal
mammary artery graft placement. None of the
patients requiring CABG underwent bilateral internal
mammary arteries graft placement. Other categories of
cardiac surgery in patients recruited into the study were:
valvular repair/replacement and repair of congenital
heart defects. None of the risk factors consisting of
gender, CABG surgery, obesity, use of statins, smoking,
diabetes mellitus and duration of surgery were
statistically significant risk factors in this study (Table 2).
In addition, logistic regression analysis revealed none
as an independent predictor of SWI in this study
(Table 3). Methicillin-susceptible Staphylococcus aureus
(MSSA) was the causative agent in 18 (45%) patients;
methicillin-resistant  S.  aureus (MRSA), Klebsiella
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Table 1 - Pattern of parameters and outcomes in

patients (N=40).

Parameter n (%)
Men 25 (62.5)
Women 15 (37.5)
Smoker 10 (25.0)
Diabetes mellitus 29 (72.5)
Use of lipid lowering drugs 31 (77.5)
Resolution of infection 32 (80.0)
Osteomyelitis 8 (20.0)
Type of graft

SVG 1 (2.5
SVG + LIMA 1 (2.5
SVGs (2) + LIMA 20 (50.0)
SVGs (3) 2 (5.0
SVGs (3) + LIMA 8 (20.0)
SVGs (4) 1 (2.5)
None 7 (17.5)

SVG: saphenous venous graft, LIMA: left inferior
mammary artery

species, and Pseudomonas species were the other causative
agents with 5 (12.5%) patients infected by each of them
(Table 4). The patient who developed SWI with MSSA
were substantially males with diabetes mellitus and
who underwent CABG operation. The last 3 years of
the review recorded 11 isolates (27.5%) with organisms
that were inherently resistant or difficult to treat,
such as MRSA, Enterococcus faecium, and extended
B-lactamase-producing ~ gram-negative  organisms.
Only 2 of 40 patients with SWIs showed positive nasal
carriage of MSSA prior to surgery.

Discussion. Despite the reduction in the incidence
rate to between 1% and 4% in all cardiac surgery
procedures, postoperative SWls are associated with
increased morbidity and mortality and decreased life
expectancy in the long term.>'®!" In the Middle East,
few studies have reported the frequency of SWis for

Table 2 - Association between risk factors in study population with and without SWI.

Parameter SWI QOdds ratio (CI) P-value
Yes No

Gender
Male 25 (2.4) 1007 (97.6) 0.371 (0.108-1.268) 0.111
Female 15 (7.2) 194 (92.8)

Smoking
Yes 10 (2.4) 402 (97.6) 1.004 (0.297-3.393) 0.995
No 30 (3.6) 799 (96.4)

Diabetes mellitus
Yes 29 (4.0) 691 (96.0) 2.189 (0.584-8.206) 0.374
No 11 (2.1) 510 (97.9)

Use of lipid lowering drugs
Yes 31 (3.4) 874 (96.9) 1.112 (0.294-4.184) 0.875
No 9 (2.7) 327 (97.3)

Obesity
Yes 13 (4.9) 255 (95.1) 1.247 (0.330-4.708) 0.723
No 27 (2.8) 946 (97.2)

CABG
Yes 33 (2.9) 866 (96.4) 1.057 (0.281-3.979) 0.935
No 7 (2.2) 315 (97.8)

Duration of surgery
>4 hours 21 (3.1) 661 (96.9) 0.824 (0.261-2.597) 0.740
<4 hours 19 (3.4) 540 (96.6)

Values are presented as numbers and percentages (%). SWI: sternal wound infection

Table 3 - Multiple linear regression analysis for predictors of sternal wound infection.

Variable Standardized P-value
Gender -1.286 0.079
Diabetes mellitus 0.900 0.224
CABG 0.146 0.857
Obesity 0.035 0.960
Use of statins 0.22 0.976
Smoking 0.344 0.616
Duration of surgery (<4 versus >4 hours) -0.228 0.716
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Table 4 - Pattern of causative organisms among patients with
sternal wound infections.

Bacterial species n (%)

Staphylococcus aureus (MSSA) 18 (45.0)
Staphylococcus aureus (MRSA) 5(12.5)
Enterococcus 1 (2.5
Klebsiella 5(12.5)
Pseudomonas 5(12.5)
Enterobacter 4(10.0)
Escherichia 1 (2.5)
Serratia 1 (2.5)
Total 40 (100)

MSSA: methicillin-susceptible Staphylococcus aureus,
MRSA: methicillin-resistant Staphylococcus aureus

instance in the review of the first 100 cardiac surgery
cases at King Abdulaziz University Hospital, Saudi
Arabia an incidence of 1.0% for deep SWIs was
reported.'”” Sadanandam et al"® in Dubai, reported a
3.6% incidence of SWls in 522 patients who underwent
coronary artery bypass graft (CABG) surgery. Sharma et
al' evaluated patients who underwent CABG surgery
at a community teaching hospital and reported an SWI
incidence rate of 3.5%. Both studies were consistent
with our findings that demonstrated an incidence of
3.5%. However, in contrast to our findings, previous
studies reported SWI incidence rates varying from
0.4% to 2.3%.%? This discrepancy can be attributed to
differences in the sample size as well as composition of
patients in these study groups.

The predominance of male patients in the study
group was largely attributed to the substantial
proportion of patients who had undergone CABG
surgery. Studies had produced varying results regarding
the impact of gender on infective mediastinitis after
cardiac surgery. Some studies demonstrated higher
incidence of SWIs in male patients.>'>'* Why men are
more predisposed compared to women is unclear, but
a putative hypothesis suggests that men have more hair
follicles along the line of incision of sternotomy hence
making them more susceptible to bacterial proliferation
and infection.”® But carefully designed studies with
robust measuring parameters are needed to explore the
hypothesis. Other studies nonetheless, demonstrated
high incidence in female patients.””'® Our study
revealed non-significance of gender as a predictor in
the development of SWI after cardiac surgery. In a
quantitative analysis of approximately 32 articles, it
was shown that a patient’s gender does not predict the
development of mediastinitis after cardiac surgery for
children or adults.”

The majority of patients recorded in this study were
middle-aged patients who required CABG surgery
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and had a history of hypertension, dyslipidemia, or
diabetes mellitus. In this study, 33 (82.5%) out of 40
patients underwent CABG surgery, 29 (72.5%) of
whom underwent left internal mammary artery graft
placement. This concurred with the results of previous
studies showing an increased incidence of SWIs,
especially mediastinitis, in patients with a history of
CABG surgery involving the harvest of the internal
mammary arteries," particularly in diabetic and elderly
patients.''” The phenomenon can be attributed to
necrosis of the territory when the internal mammary
artery is utilized for myocardial revascularization. In
addition, the mobilization of the internal mammary
artery leads to the reduction of 90% irrigation of the site
of harvest."" None of the patients reviewed in this study
underwent bilateral internal mammary arteries harvest
probably influencing the overall incidence of SWI.

Previous studies have reported obesity>*'* and
diabetes mellitus** as risk factors for the development
of SWIs. However, the analysis from our study revealed
insignificant contribution of obesity as a predictor to
acquiring SWIs probably due the nullifying factors
of other variables. An increased intraoperative serum
glucose level (>200 mg/dL) has been shown also to be
an independent risk factor for postoperative SWI.*
Though among the 40 patients in our study, 29 (72.5%)
had already been diagnosed with diabetes mellitus;
however, there was no significant association between
diabetes mellitus and sternal wound infection.

Staphylococcus  aureus  and S. epidermidis are
reportedly the most common pathogens that cause
infections in patients following cardiac surgery.>'%*'%3
Furthermore, MSSA is likely to be isolated in our
study if the individual is male, diabetic, and underwent
CABG operation. Other implicated organisms include
E. coli, Enterobacter spp, Pseudomonas aeruginosa, and
B-hemolytic streptococci. A study at a cardiac center
in Eastern Saudi Arabia® reported the predominance
of S. epidermidis in SWls. In our study, 23 of the
40 isolates were S. aureus (57.5%); however, only 2
patients had shown prior nasal carriage of the organism.
This discrepancy with our findings may be attributed to
factors such as institutional dissimilarities and research
design; our study evaluated both clinical and laboratory
findings. The worrisome pattern in the last 3 years of
the study period is the isolation of resistant organisms,
such as MRSA and gram-negative extended-spectrum
pB-lactamase-producing organisms. This emerging
pattern will present challenges to clinicians with
respect to appropriate infection management, isolation
measures and proper utilization of antibiotics in clinical
practice.
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The management of SWIs has been modernized over
time with treatment varying from simple antimicrobial
therapy to complete sternotomy, plastic surgery to
thoracic wall reconstruction.””® Cardiac surgery,
which is considered a non-contaminating procedure,
is peculiar in respect to antimicrobial prophylaxis.
However, prophylaxis is suggested as cardiac surgery is
frequently intricate with extended period and involving
the implant of prosthetic materials. Antimicrobial
agents are required to avert springing of organisms.”’
The Society of Thoracic Surgeons guidelines on
antimicrobial prophylaxis in cardiac surgery suggest
that cephalosporins be injected within one hour of
skin incision and over 24-72 hours after operation.””*
Cephalosporins (cefazolin, cefamandole, cefuroxime,
and cefotaxime) are mainly preferred because of their
broad-spectrum activity against gram-negative and
gram-positive bacteria. Evidence from systematic review
promote second- or third-generation cephalosporins
for cardiac surgery prophylaxis with indication that
extending coverage over 48 hours post-operatively may
be advantageous.”” Though demonstrated to be effective
in treating surgical-site infections following cardiac
surgery, their superiority over other antimicrobial
agents has not yet been ascertained. Based on the
guidelines, all patients in our study received first-
generation cephalosporins prior to surgery, and nasal
carriage of MSSA was treated with local mupirocin
ointment with evidence of clearance preoperatively. In
our study, 8 patients developed sternal osteomyelitis,
though a small subset of patients, a count of 20% for
sternal osteomyelitis is a cause for concern.

We are also aware of the limitations of the study as it
is a retrospective cohort study with data obtained from
a single medical center. In addition, like all retrospective
cohort studies, the inability to demonstrate significant
odd ratios may well be due to the convenience
sampling leading to possible non-representation of the
population and selection bias. Furthermore, the design
is liable to recall or misclassification bias. The failure
to demonstrate any statistically significant predictor
of SWI may likely be also due to skewed proportions
between those with and without SW1.

Developments in CABG techniques afford choice
modalities to the use of LIMA, such as radial artery
graft or right internal mammary artery graft curbing
the incidence of infection as well as the possibility of
restenosis.”” The development of deep SWIs especially
in patients with diabetes undergoing CABG surgery can
be lessened by harvesting the internal mammary artery
in a skeletonized manner. This approach demonstrated
excellent protection of sternal blood flow, closure and

stability.’’#* Therefore meticulous choice of CABG
components will hopefully help in reducing deep SW1I
associated with LIMA graft.

In conclusion, although the incidence of SWI
following cardiac surgery is low, there remains a risk
for the development of sternal osteomyelitis. Patients
undergoing cardiac surgery require appropriate
peri-/postoperative management, including an active
assessment for early signs of SWI such as redness, pussy
discharges and tenderness. This is even more important
now as inherently difficult to treat and multi-resistant
organisms are becoming important pathogens in SW1.
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