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Abstract
Despite improvements in prophylactic strategies, sternal wo-
und infection following cardiac surgery still remains a  signi-
ficant complication, associated with prolonged hospitaliza-
tion, high costs, patient discomfort and significant mortality. 
The aim of this study was to evaluate whether the  local ap-
plication of collagen-gentamicin sponges (GMCS) placed be-
tween the sternal halves before closure may decrease the in-
cidence of median sternotomy wound infection. Between 
April 2008 and December 2009, 236 patients were enrolled in 
the study. We compared 120 consecutive patients whose wo-
unds were closed with the use of collagen-gentamicin sponges 
(GMCS group) with 116 consecutive patients whose wounds 
were closed without the  use of local antibiotic prophylaxis 
(non-GMCS group). All postoperative sternal wound complica-
tions were referred back to the Cardiac Surgery Department. 
The  three-month incidence of any wound healing complica-
tion was the main outcome criterion. The use of GMCS signi-
ficantly reduced the rate of wound infection to 8.3% vs. 19.8%  
in the  non-GMCS group (p < 0.0197). The  patients whose 
wounds were closed without the use of local antibiotic pro-
phylaxis had a  higher risk of infection-related complications 
compared with patients in whom GMCS were used prior to 
closure (OR = 2.95, 95% CI: 1.29-6.71). Our study demonstrated 
the benefit of using GMC in reducing the rate of sternal wound 
infection.
Key words: cardiac surgery, surgical wound infection, genta-
micin-collagen.

Streszczenie
Mimo rozwoju strategii profilaktycznych, infekcja rany most-
ka po operacji kardiochirurgicznej wciąż pozostaje znaczącą 
komplikacją związaną z długą hospitalizacją, wysokimi kosz-
tami, dyskomfortem pacjenta i  znaczącą śmiertelnością. Ce-
lem niniejszej pracy była ocena, czy miejscowe stosowanie 
gąbek kolagenowych z  gentamycyną (GMCS), umiejscawia-
nych pomiędzy połowami mostka przed zamknięciem, może 
zmniejszyć występowanie infekcji rany po przecięciu mostka. 
Pomiędzy kwietniem 2008 r. a grudniem 2009 r. badanie objęło 
236 pacjentów. Porównano 120 kolejnych pacjentów, u których 
rany zamknięto za pomocą gąbek kolagenowych z gentamy-
cyną (grupa GMCS), ze 116 kolejnymi pacjentami, których rany 
zamknięto bez użycia miejscowej profilaktyki antybiotykowej 
(grupa non-GMCS). Wszystkich pacjentów z  pooperacyjnymi 
komplikacjami rany mostka przekazano z  powrotem do Ka-
tedry Kardiochirurgii. Wystąpienie jakiejkolwiek komplikacji 
gojenia się rany w ciągu 3 miesięcy było głównym kryterium 
wyniku. Użycie GMCS znacząco zmniejszyło współczynnik in-
fekcji ran do 8,3%, w porównaniu z 19,8% w grupie non-GMCS 
(p  <  0,0197). Pacjenci, u  których rany zamknięto bez użycia 
miejscowej profilaktyki antybiotykowej, byli bardziej narażeni na 
komplikacje infekcyjne w porównaniu z pacjentami, u  których 
przed zamknięciem użyto GMCS (OR = 2,95, 95% CI: 1,29–6,71). 
W niniejszej pracy wykazano korzyści płynące z używania GMC 
w celu zmniejszenia występowania infekcji ran mostka.
Słowa kluczowe: kardiochirurgia, infekcja rany operacyjnej, 
kolagen z gentamycyną.
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Introduction 
Despite growing interest in minimally invasive procedu-

res in cardiac surgery, median sternotomy is still the most 
common approach for open-heart surgery. Notwithstan-
ding the improvements in available prophylactic strategies 
(i.e. perioperative antibiotic prophylaxis, aseptic surgical 
technique, and careful postoperative wound management), 
sternal wound infection continues to be a major and serio-
us problem following cardiac surgery, as it associated with 
prolonged hospitalization, patient discomfort, and incre-
ased hospital costs [1, 2]. In previous studies, risk factors 
associated with an increased rate of sternal wound infec-
tion were identified [3, 4]. They include patient-related risk 
factors such as female gender, obesity, insulin-treated dia-
betes mellitus, smoking, peripheral vascular disease, and 
chronic obstructive pulmonary disease [3]. Perioperative 
risk factors include sternotomy, bilateral mammary graft 
harvesting, excessive coagulation, excessive use of bone 
wax, and duration of extra-corporal circulation [3, 4]. Po-
stoperative risk factors include re-exploration for bleeding 
and/or tamponade, higher consumption of blood products, 
and prolonged lung ventilation [3, 4]. Because the  onset 
of sternal wound infection is often delayed and occurs 
after the  discharge from the  hospital, long-term follow- 
up and cooperation with referring physicians is necessary. 
The aim of this study was to compare sternal closure with 
collagen-gentamicin sponge (GMCS) implantation between 
the sternal halves plus routine intravenous (IV) antibiotics 
with standard closure plus routine IV antibiotics. 

Material and methods 
From April 2008 to December 2009, 1171 open-heart 

operations were performed at the Cardiac Surgery Depart-
ment, České Budějovice Hospital, Czech Republic. They 
included routine coronary surgery, valve procedures and 
complex aortic procedures excluding cardiac transplanta-
tion. All postoperative sternal wound complications were 
referred back to the Cardiac Surgery Department, as this is 
the only hospital in the region at which cardiac procedures 
are performed. The catchment area comprises approxima-
tely 725 000 people and between 650 and 700 cardiac pro-
cedures are undertaken annually. 

Two hundred and thirty-six patients were prospective-
ly enrolled in this study, of whom 120 consecutive patients 
were closed with GMCS (GMCS group) and compared with 
116 consecutive patients who were closed normally without 
the use of local antibiotics (non-GMCS group). Standard pe-
rioperative antibiotic prophylaxis with cefazolinum natricum 
(2  g) was administered intravenously before skin incision 
and repeated every 8 hours for the first postoperative day.

GMCS consists of a  flat absorbable equine collagen 
sponge containing gentamicin sulfate. A 10 × 10 × 0.5 cm 
sponge contains 280 mg of collagen and 130 mg of gen-
tamicin. The sponges were cut into three equal sections; 
two sections of the implant were placed between the ster-
nal halves in one layer immediately before sternal closure 
after their short wetting in saline. The remaining section of 

the sponge was divided in half and placed behind the ster-
num at the proximal and distal end (Fig. 1). During the study, 
we adhered to ethical principles based on patients’ rights 
and interests. 

Three senior surgeons performed all cardiac operations 
in the study group of patients. The same assistant surgeon 
closed the sternum in all enrolled patients, in order to mi-
nimize individual differences in closure techniques. It was 
considered very important to achieve stable sternal appro-
ximation.

Patients were followed for the occurrence of any kind 
of sternal wound infection for 90 days after surgery. Clas-
sification of postoperative wound infection was made ​​on 
the basis of the modified CDC classification described in 
the work of Friberg [5, 6]. Superficial infections were de-
fined as infections involving skin or subcutaneous tis-
sue. Deep infections were defined as infections involving 
superficial fascia, wires and bone, with signs of unstable 
sternum, osteomyelitis, or positive mediastinum culture 
(Fig. 2). The diagnosis of infection was confirmed by positi-
ve bacterial culture results.

Statistical analysis 
Standard descriptive statistics are provided. The  basic 

preoperative and intraoperative data between the patient 
groups were compared statistically using the  Mann-Whit-
ney test. Differences in (absolute) frequencies between pa-
tients with and without GMCS (with respect to sample size) 
were analyzed using the Pearson chi-square test. A p-value 
of less than 0.05 was considered to be statistically signifi-
cant. We also estimated the effect of the two sternal closure 
techniques on sternal wound infection occurrence by odds 
ratio and 95% confidence interval (CI).

Results 
Baseline demographic and preoperative data for the 236 en- 

rolled patients are presented in Table I. The two groups of pa-
tients (the GMCS group and the non-GMCS group) were com-
parable in terms of attendant risk factors. There were similar 

Fig. 1.� Collagen – gentamicin sponges between sternal halves
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rates of COPD in the two groups and patients had comparable 
preoperative renal function and left ventricular function. One 
third of patients in both groups had diabetes mellitus (DM). 
In the GMCS group, there was a higher proportion of female 
subjects (39.2% vs. 25.9%, p = 0.041) and the patients in this 
group also had a slightly higher BMI (29.4 vs. 28.1, p = 0.037). In 
the perioperative and early postoperative period, the only diffe-
rence between the study groups was a higher volume of blood 
loss in patients in the non-GMCS group (877.5 ml vs. 800 ml,  
p = 0.036). Duration of extra-corporal circulation (ECC) and 
cross clamping (Cx) was similar in both groups (Table II). 

From the total of 1171 patients operated on between April 
2008 and December 2009 sternal wound healing complica-
tions occurred in 145 patients (12.4%). In this study, we en-
rolled 236 patients (20.2% of all patients operated on in this 
period). The  incidence of total infection in the study group 
during the  follow-up period was significantly higher in pa-
tients without local antibiotic prophylaxis. Twenty-three pa-
tients (19.3%) in the non-GMCS group developed an infection 
vs. 10 patients (8.3%) in the GMCS group (OR = 2.95, 95% CI: 
1.29-6.71) (p < 0.001). The rate of superficial sternal infec-
tion was higher in the non-GMCS group (73.9%) compared 
to that observed in the GMCS group (50%). One patient in 
the  non-GMCS group died of mediastinitis 50 days after 
the  primary operation. There was a  trend towards later 
manifestation of infection in patients in the GMCS group; 
however, this was not statistically significant (p = 0.6235). 
The median time between the operation and the signs of 
clinical infection was 16 days (3-35 days) for patients in 
the non-GMCS group compared with 18 days (7-71 days) for 
patients in the GMCS group. 

Many causative microorganisms were isolated in the ba- 
cterial cultures. Staphylococcus aureus was the  predomi-
nant cause of infection (50%) in the GMCS group. The five 
other isolated organisms were coagulase-negative Staphy-
lococcus (10%), Escherichia coli (10%), Enterobacter cloacae 
(10%), Enterococcus faecalis (10%), and Morganella morga-
nii (10%).

In the non-GMCS group, coagulase-negative Staphylo-
coccus was the most common cause of infection (39.1%). 
Other organisms responsible for sternal wound infection in 
this group were Staphylococcus aureus (17.4%), Staphylo-
coccus epidermidis (13%), Corynebacterium species (8.7%), 
and Proteus mirabilis (4.3%). Additionally, a  polymicrobial 
culture was found in one specimen.

Discussion 
Wound complications following open-heart surge-

ry represent a  significant cause of patient morbidity and 
mortality. The reported incidence of surgical site infections 
in the  medical literature ranges from 0.9% to 20.0% [3]. 
The incidence of serious mediastinitis varies between 1 and 
2%, and is often a fatal complication, with mortality rates 
of up to 30% [3]. Reported mortality for deep sternal wound 
infection varies from 9.8% to 14% [1, 3, 7].

In this prospective study, sternal infections after car-
diac surgery occurred in 23 out of 116 patients (19.8%) in 
the non-GMCS group and in 10 out of 120 patients (8.3%) 
in the GMCS group during the 3-month follow-up period.

Fig. 2.� Deep sternal wound infection

Tab. I.� Baseline characteristics of 236 enrolled patients

Parameter Non-GMC GMCS P-value

No. of patients 116 120

Female gender 30 (25.9%) 47 (39.2%) 0.041

Age 65.5 66.9 NS

BMI 28.1 29.4 0.037

COPD 17 (14.7%) 11 (9.2%) NS

Creatinine 105 97 NS

DM (%) 41 (35.3%) 40 (30.3%)

NS
Insulin 17 (41.5%) 15 (37.5%)

PAD 15 (36.6%) 15 (37.5%)

Diet 9 (22%) 10 (25%)

EF (%) 57.2 59.9 NS

COPD – chronic obstructive pulmonary disease; DM – diabetes mellitus; PAD – 
peroral antidiabetic

Tab. II.� Intra-operative data of 236 enrolled patients

Parameter Non-GMCS GMCS P-value

No. of patients 116 120

ECC (min) 73.7 71.4 NS (0.19)

Cx (min) 48.8 54.8 NS (0.09)

Ø Blood loss (ml) 877.5 800 0.036

Ø No. of blood products 2.6 3.3 NS (0.98)

ECC – extra-corporal circulation; Cx – cross clamp; Ø Blood loss – mean volume 
of blood loss; Ø No. of blood products – mean number of blood products
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There are several methods by which we can improve 
the  prevention of sternal dehiscence and sternal wound 
healing complications. These include patient weight reduc-
tion prior to surgery and optimizing glycemic control prior 
to and during the operation, as well as in the early posto-
perative period – with particular care to be taken during 
the first month. Zerr et al. [8] demonstrated a correlation 
between higher levels of mean blood glucose in the first  
48 hours after surgery and deep sternal wound infection 
development. Furnary et al. [9] in a prospective study ob-
served that intensive glycemic control with continuous 
intravenous insulin leads to better glucose control and 
decreased rates of deep sternal infection relative to subcu-
taneous insulin regimens. Our results confirm that patients 
with insulin treated DM, compared to patients without DM 
or DM treated with oral antidiabetic drugs and diet, had 
a 2.8 times higher risk of developing sternal wound infec-
tion (OR = 2.8, 95% CI: 1.13-6.92). 

Other ways in which sternal complications can be avo-
ided include improving topical wound antimicrobial prepa-
rations, reduction of bone wax, cauterization, and, last but 
not least, stable and rigid sternal fixation. Different techni-
ques of sternal reinforcement and biomechanical testing 
of the various sternal wire techniques using ex vivo sternal 
models have been described in the literature [10, 11]. These 
include the simple wire technique with different numbers 
of single wires; the original and modified Robicsek closure 
using two longitudinal, parasternal wires on both sides of 
the  sternum; the  interlocking figure-of-8 closure; double 
crisscross sternal wiring and using sternal bands in high- 
risk patients [12, 13].

Combining the aforementioned techniques with use of 
a higher number of single wires (usually 8-10) and especial-
ly careful reinforcement of the lower sternum is our prefer-
red approach (Fig. 3). In high-risk patients with osteopo-
rotic bone, or in cases of non-midline sternotomy, we use 
parasternal wires in combination with the figure-of-8 wire 
technique and GMCS implantation. Friberg et al. concluded 
that antibiotic prophylaxis with local GMCS was associated 
with a significant reduction in superficial and deep sternal 
wound infection [6]. Based on the results of their first ran-
domized trial, local application of GMCS between the ster-
nal halves was associated with a  53% relative reduction 
(4.7% absolute reduction) in the incidence of sternal wound 
infection after sternotomy in an unselected cardiac surgery 
patient population [5].

Our approach to reducing the risk of postoperative ster-
nal wound infection consists in intensive glycemic control 
with continuous postoperative intravenous administration 
of insulin, rigid sternal fixation with a  higher number of 
single wires, and (in high-risk patients) the implantation of 
GMCS before sternal closure.

There are some concerns that the dipping of GMCS in 
saline for a  few seconds prior to application may lead to 
the leaching of gentamicin from the sponge into the sali-
ne, which in turn may reduce efficacy. As a result we have 
changed our approach and we currently implant dry GMCS 

between the  sternal halves, and to aid manipulation we 
only moisten the surgical gloves [14].

Conclusions 
The aim of our prospective study was to compare ster-

nal closure with collagen-gentamicin sponge implantation 
between the sternal halves with standard closure without 
local antibiotics. Between April 2008 and December 2009, 
236 patients were enrolled in this study, of whom 120 con-
secutive patients were closed with local antibiotics. The re-
sults of our prospective study have demonstrated the be-
nefit of the GMCS implant in reducing the rate of sternal 
wound infection in enrolled patients (8.3% vs. 19.8%).
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