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Abstract
In spite of advances in the management of mediastini-
tis following sternotomy, mediastinitis is still associated 
with significant morbidity. The prognosis is much bet-
ter in pediatric surgery compared to adult surgery, but 
the prolonged hospital stays with intravenous therapy 
and frequent required dressing changes that occur with 
several therapeutic approaches are poorly tolerated. 
Prevention includes nasal decontamination, skin prepa-
ration, antibioprophylaxis and air filtration in the oper-
ating theater. The expertise of the surgical team is an 
additional factor that is difficult to assess precisely. Di-
agnosis is often very simple, being made on the basis of 
a septic state with wound modification, while retroster-
nal puncture and CT scan are rarely useful. Treatment 
of mediastinitis following sternotomy is always a com-
bination of surgical debridement and antibiotic therapy. 
Continued use of numerous surgical techniques dem-
onstrates that there is no consensus and the best treat-
ment has yet to be determined. However, we suggest 
that a primary sternal closure is the best surgical option 
for pediatric patients. We propose a simple technique 
with high-vacuum Redon’s catheter drainage that allows 
early mobilization and short term antibiotherapy, which 
thus decreases physiological and psychological trauma 
for patients and families. We have demonstrated the ef-

ficiency of this technique, which is also cost-effective by 
decreasing intensive care and hospital stay durations, in 
a large group of patients.
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INTRODUCTION
Mediastinitis is a complication of  pediatric cardiac surgery, 
with an incidence of  0.2% to 5%[1-3]. It is a retrosternal 
wound infection frequently associated with a macroscopi-
cally sternal osteomyelitis. The prognosis of  mediastinitis 
is better for pediatric patients than for adult patients but 
this complication is still serious, particularly in the rare in-
stances where mediastinitis is associated with endocarditis. 
Mediastinitis is uncomfortable for patients, is poorly ac-
cepted by parents, leads to a prolonged hospital stay and, 
thus, leads to an increase in health care costs.

There is considerable lack of  consensus on the pre-
vention, diagnosis and optimal treatment of  mediastinitis. 
The goal of  this manuscript is to describe the different 
suggestions that have been offered: (1) to prevent medi-
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astinitis; (2) to confirm the diagnosis of  mediastinitis; and 
(3) to treat poststernotomy deep wound infection. We will 
especially focus on an original and simple closed chest 
technique that we described in 1989[4] and reevaluated in 
2007[5].

PREVENTION OF MEDIASTINITIS
Mediastinitis is a post-operative infection that is mainly 
due to intra-operative contamination. The origin of  the 
germ is the patient, the surgical team or the operating 
room air[6-8]. Among the factors involved in germ patho-
genesis in mediastinitis are three highly relevant factors: 
(1) the quality of  the pre- and intra-operative patient dis-
infection; (2) the expertise of  the surgical team; and (3) 
the quality of  the air in the operating theater. Airborne 
particles with germs can reach the wound or enter into 
the bypass circuit through the suckers used during the car-
diopulmonary bypass.

Quality of the pre- and intra-operative patient 
disinfection
Nasal carriers of  staphylococcus aureus are at increased 
risk for post-operative mediastinitis[9,10], but there is no 
consensus about the efficiency of  mupirocin prophylaxis 
in decreasing post-operative wound infection. Some works 
have demonstrated a significant reduction in surgical-site 
infection in patients treated with mupirocin[11-13], while oth-
ers failed to show any difference between patients treated 
with mupirocin nasal ointment and patients treated with 
placebo[14,15]. One of  the most recent studies on mupiro-
cin pre-operative nasal decontamination concluded that 
decolonization of  nasal and extra nasal sites decreased 
the risk of  surgical site infection in adults. However, this 
work did not analyze mupirocin alone; the treated group 
received nasal mupirocin twice daily for 5 d and also had a 
total-body wash with chlorhexidine soap every day, while 
the control group had only placebo[16].

Some facts about mediastinitis prevention are 
noteworthy
Before mupirocin ointment nasal therapy, nasal carriage 
must be identified either by microbiological culture tech-
niques or with real-time polymerase chain reaction (which 
allows detection of  staphylococcus within a few hours 
instead of  days when using a classical microbiological 
approach). The treatment is prescribed for 5 d (delay con-
sistent with the manufacturer’s recommendations) so that 
emergency patients and neonates, who are usually con-
sidered at higher risk for mediastinitis, are not included 
in many studies. Staphylococcus resistance to mupirocin 
is rare and mupirocin is a safe and inexpensive product, 
however, the emergence of  mupirocin high-level resis-
tance has been described in many countries[17]. Prolonged 
or widespread use of  mupirocin is likely to be a significant 
predisposing factor for acquired resistance[14-17]. In many 
studies, lack of  information regarding skin disinfection 
and the type of  antibiotic prophylaxis that was used limits 

the pertinence of  the results. As a final remark, nasal de-
contamination with mupirocin has been tested for over 20 
years without clearly demonstrating an advantage.

There is less debate about skin preparation. Skin dis-
infection is considered as a major factor in the reduction 
of  post-operative infection. There are two major products 
used as antiseptic solutions: povidone-iodine and chlorhexi-
dine. Because of  the permeable nature of  the skin in small 
infants, significant iodine absorption is possible and likely 
to occur in pre-term infants. However, even in neonates, 
TSH levels may be significantly affected by povidone-iodine 
and transient thyroid dysfunction may result from topical 
exposure to iodine-containing antiseptic solutions[18-20]. This 
is known as the acute Wolff-Chaikoff  effect, described 
in 1948, and is the reason why iodine containing solution 
should be avoided in neonates. Furthermore, chlorhexi-
dine-based antiseptic solution is often considered as the 
best therapy for skin disinfection[21,22]. Compared to iodine 
solution, it has a more prolonged action and no known 
sensitivity[23]. Intra-operative skin disinfection is of  the ut-
most importance, however, it seems that showers or baths 
with skin disinfectant before surgery are not required[24,25].

The rationale for systematic antibioprophylaxis in car-
diac surgery is questionable; however, it is accepted world-
wide and classically performed with a second generation 
cephalosporin, in the absence of  a patient sensitivity. The 
vast majority of  mediastinitis cases are due to staphy-
lococcus and the incidence of  resistance to methicillin 
(varying from one country to another and from one 
surgical unit to another, with an increase in incidence for 
US hospitals from 35.9% in 1992 to 64.4% in 2003[26]). 
Antibiotic prophylaxis induces a change in staphylococ-
cal flora. There is some relation between the efficiency 
in eradication of  carriage of  staphylococcus aureus and 
the emergence of  resistant strains of  coagulase-negative 
staphylococci[27]. Staphylococci cultured from the skin of  
cardiac surgery patients are more resistant after surgery 
than before surgery and, furthermore, staphylococci caus-
ing post-operative infections have the same antimicrobial 
resistant phenotypes as do colonizing isolates[28]. This 
supports a modification of  patient skin flora induced 
by antibiotics and is most unlikely due to in-hospital ac-
quired germs. Pefloxacin was compared to cefamandole in 
perioperative cardiac surgery prophylaxis. Eradication of  
germs was better achieved with pefloxacin, however, while 
pefloxacin and oxacillin resistant strains were 0% before 
prophylaxis in the perianal area, 70% of  the patients had 
resistant strains after pefloxacin prophylaxis. Such an 
emergence is not seen with cefamandole prophylaxis[29]. 
Antimicrobial agents given as prophylaxis may select resis-
tant organisms. In patients who do not receive antibiotic 
prophylaxis, the staphylococcal flora remains unaffected. 
In patients receiving cephalosporin prophylaxis, 61% of  
the sites colonized with a low-level of  methicillin-resistant 
strains before surgery were colonized with high levels of  
methicillin-resistant staphylococci on the third post-oper-
ative day[30]. In this study, the authors also demonstrated 
that the plasmid profile patterns were identical between 
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pre- and post-operative methicillin-resistant staphylococci. 
This is in accordance with previous works suggesting that 
the resistant pathogen is an alteration of  patient skin flora 
rather than a contamination from in-hospital flora. The 
benefit of  a prophylactic antibiotic must be balanced with 
the possible selection of  resistant strains that are likely to 
make up a nosocomial reservoir for new patients and for 
the hospital staff.

THE EXPERTISE OF THE SURGICAL 
TEAM
Obviously many risk factors of  mediastinitis could be de-
creased with a high-quality level of  care. Immunomodula-
tion and an increase in gut mucosal permeability, induced 
by cardiopulmonary bypass and increased by hypothermia 
or deep hypothermic circulatory arrest, are also consid-
ered as predisposing factors[31,32]. They can be minimized 
with a more physiological cardiopulmonary bypass and 
warm surgery. In pediatric patients younger than 1-year-
old, length of  surgery, redo for bleeding, post-operative 
open-chest, ECMO and blood transfusion are also classi-
cal risk factors for deep wound infection[33-35].

Optimal thoracic blood drainage is important in the 
prevention of  post-operative infection. Stagnant blood in 
the mediastinum is a perfect growth medium for micro-
organisms, which are protected from immunologic host 
defense. A hematoma collected in the supra-sternal space 
is clearly, in some patients, the origin of  an abscess that 
may diffuse in the retrosternal space. 

In an adult retrospective study of  18 532 patients who 
underwent on-pump coronary artery bypass grafting, 
blood transfusion was considered as the major prevent-
able risk factor of  post-operative mediastinitis[36]. The risk 
associated with blood transfusion also exists after off-
pump coronary artery bypass[37]. It is noteworthy that the 
association of  red blood cell transfusion with infection is 
dose-dependent[38]. In neonates and young infants, blood-
free surgery is unrealistic but efforts have to be taken to 
decrease blood use. Blood conservation with a miniatur-
ized bypass circuit, vacuum-assisted venous drainage and 
microplegia is effective[39-41] and, thus, is likely to decrease 
the risk of  pediatric post-operative mediastinitis.

Skin closure with cyanoacrylate glue, initially used for 
treatment of  sternal instability, was also described as a 
protective factor against deep wound infection[42].

Finally, the “human factor” is probably the most diffi-
cult to assess and the most difficult to control but not the 
least important. An optimal protocol is the first step of  an 
efficient prophylaxis and its practical application is crucial, 
which depends on the motivation and quality of  the medi-
cal staff.

THE QUALITY OF THE AIR IN THE 
OPERATING THEATER
One particularity of  open heart surgery is the need for 
cardiopulmonary bypass. In this technique, the sucker 

system drains blood into the cardiotomy from the medias-
tinum or from cardiac cavities to the venous reservoir of  
the bypass circuit. In the sucker system tubing, room air 
is mixed with blood and thus potentially contaminated air 
enters into the bypass circuit. There is some evidence of  
transmission of  fungal infections through contaminated 
air-handling systems[43,44], and air filtration as well as radia-
tion were considered efficient ways to protect from medi-
astinitis[45-47]. Gram negative bacilli may also be transmitted 
from the environmental flora[48] but contamination with 
coagulase negative staphylococci is probably only due to 
patient or surgical team flora[49].

DIAGNOSIS
The delay between surgery and diagnosis of  mediastinitis 
varies from a few days to a few weeks. When a patient 
does not receive any antibiotic therapy, mediastinitis is 
usually an early complication and simple to diagnose. 
Babies are often grouchy and tired, and fever is constant. 
The incision is erythematous and painful, and wound 
dehiscence and purulent drainage from the incision are 
frequent as well as sternal instability. Biological signs of  
infection are also constant (i.e. leukocytosis and C reactive 
protein elevation) and blood cultures are often positive. 
Bacterial examination of  the purulent drainage confirms 
the presence of  altered leukocytes and germs. Antibiotic 
treatment based on empirical probability should be imme-
diately initiated, followed within a few hours by surgical 
drainage, which may confirm the retrosternal infection.

The diagnosis may be more difficult when the patient 
has received antibiotic therapy. Epicardial pacing wire 
cultures are not satisfactory for the diagnosis of  medias-
tinitis[50], while bacteriological samples from the sternal or 
retrosternal puncture are considered safe and powerful[51]. 
CT scans have been considered of  great value to localize 
infected tissues[52], however, there is also some doubt about 
the validity of  a CT scan in performing an early diagno-
sis[53,54]. Furthermore, erroneous diagnoses due to Surgicel 
packing[55], to Surgicel body foreign reaction[56] or to iodine 
accumulation following irrigation[57] have been reported. 

TREATMENT
Treatment of  mediastinitis is based on surgery and anti-
biotic therapy, but there is still controversy about the best 
strategy to help speed-up wound healing.

There are at least some consensual points: (1) Surgical 
revision with careful debridement of  the infected areas, 
removal of  foreign material and curettage of  sternal edges 
until normal bleeding are essential; (2) Samples of  puru-
lent fluids must be collected to confirm the diagnosis and 
to perform germ identification and antibiotic susceptibility 
testing; and (3) Intravenous antibiotics, based on empiric 
probability, need to be injected before surgery and modi-
fied according to germ susceptibility.

Following surgery, several therapeutic approaches have 
been successively described. Open dressing or closed ir-
rigation are two conventional treatments.
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Open dressing has disadvantages, namely, thoracic 
instability requiring mechanical ventilation and prolonged 
immobilization, increasing risk of  muscular weakening 
and patient discomfort. Multiple open dressing changes 
require heavy sedation and are time consuming for the 
medical staff. Cytotoxicity of  classical antiseptics has 
been demonstrated[58] and even lethal iodine toxicity fol-
lowing povidone-iodine irrigation in a 34-mo-old patient 
has been described[59]. To overcome this problem, topical 
treatment with granulated sugar was also proposed and 
was considered by several authors as a simple, efficient 
and inexpensive alternative to irrigation during open chest 
management[60,61]. However, the numerous drawbacks of  
open chest management have stimulated the emergence 
of  new therapies, such as primary closed sternum with 
continuous irrigation and drainage. This approach was 
described in 1963 and had theoretical advantages[62,63]. 
Mechanical ventilation was not required and the overall 
length of  treatment was shorter than with the open chest 
technique. However, the results were disappointing and far 
from the expected progress, with a high rate of  failure[64,65] 

and mortality. Cardiac tamponade induced by imbalance 
between irrigation and drainage, or even cardiac rupture, 
were reported[66,67]. A combination of  two techniques, pri-
mary open chest management followed by delayed closed 
chest irrigation, was also proposed but was also less than 
satisfactory. However, irrigation is still used and is consid-
ered a cost-effective therapy[68].

Procedures using reconstructive plastic surgery with 
vascularized soft tissue flaps were described in 1980. The 
pectoral muscle flap was proposed for patients who fail 
conventional closed irrigation techniques. The oblitera-
tion of  all of  the dead space with well-vascularized tissue 
is probably the major positive aspect of  this approach[69]. 
By eliminating any residual cavity and by filling all of  the 
space with healthy tissue, from an infectious point of  view, 
this treatment represents real progress. The mediastinal 
cavity is anfractuous, thus failure of  irrigation and drain-
age is probably due to incomplete irrigation and drainage 
with persistence of  one or several septic residual cavities. 
Unfortunately, drawbacks of  plastic procedures are also 
numerous. Morbidity associated with the muscle flap 
technique includes pain, weakness, hernia and an esthetic 
prejudice, which is of  great significance in pediatric pa-
tients and more specifically in young girls[70,71]. Chest wall 
instability, bleeding, recurrence of  infection were noticed 
and omental transfer was proposed as an alternative to the 
pectoral flap[72]. On the other hand, the omental flap has 
been credited to alter respiratory function by decreasing 
the percent vital capacity and oxygen consumption at the 
anaerobic threshold[73].

When compared to closed mediastinal irrigation, the 
benefit of  muscle flap reconstruction is not obvious[70]. 
Plastic procedures may have short-term and long-term 
results equivalent to irrigation, but the length of  stay in in-
tensive care is longer for patients treated with muscle flap 
closure[74].

One of  the latest developments in mediastinitis sur-

gical treatment is the introduction of  vacuum-assisted 
closure therapy. The application of  negative pressure has 
several advantages: (1) Wound drainage is enhanced by 
negative pressure; (2) The negative pressure avoids any 
residual mediastinal cavity so that the mediastinum is fill 
with healthy tissue; (3) The negative pressure helps ap-
proximate the wound edges and favors stabilization of  the 
chest; and (4) Some benefits in local microcirculation have 
been described. 

This newly emerging technique was used with success 
in small groups of  pediatric patients[75-78]. The mechanism 
by which the vacuum technique improves wound healing 
is still unclear. A reduction in germ burden was suspected 
but not demonstrated[79].

Vacuum-assisted closure was also used following con-
tinuous irrigation, when irrigation was ineffective or in pa-
tients with low cardiac output syndrome after a successful 
treatment of  their hemodynamic instability[80].

The benefit obtained with vacuum-assisted wound clo-
sure over classical management is unquestionably accepted 
by the medical community. However, there are constraints 
for the patient: the vacuum-assisted closure system must 
be changed every 2 or 3 d, positive results are seen after a 
long time and confinement in bed is necessary for days or 
weeks; following vacuum device therapy, a delayed closure 
is necessary and, thus, the intensive care stay is prolonged. 
Cardiac ruptures were described in adults during topical 
negative pressure[81,82] and the best negative pressure in pe-
diatric patients is still to be determined. There is also a real 
concern about the risk of  hemodynamic instability during 
negative pressure application in patients with Fontan- or 
Rastelli-type procedures; experimental data remains con-
flicting, and the precise location of  the foam placement is 
important[83]. Magnetic resonance imaging has confirmed 
a reduction in cardiac output and stroke volume after ini-
tiation of  vacuum therapy at the levels currently used in 
clinical human applications. This hemodynamic effect can 
be minimized by interposition of  paraffin gauze dressing 
over the heart during application of  negative pressure[84]. 

More interesting is a recent approach with an early 
primary closure over a single chest tube that serves as a 
routine mediastinal drain (usually removed in 1 d or 2 d). 
This simple technique is more comfortable for the pa-
tient and achieves a high rate of  success[85]. However, in 3 
of  42 patients, this approach failed and they all required 
reoperation for continuing sepsis with suspicion of  ongo-
ing mediastinitis. Furthermore, the medical therapy is a 
lengthy course of  intravenous antibiotics. The 6-wk intra-
venous antibiotic treatment has a significant disadvantage, 
especially when a central venous line is necessary (because 
of  small-sized patients or the poor peripheral venous tol-
erance to antibiotics).

In 1989, we described a simple closed technique with 
primary closure and high-vacuum drainage[4]. The tech-
nique was progressively modified to decrease the length 
of  hospital stay and to decrease patient physical and psy-
chological trauma[5]. The surgical technique is classic with 
debridement of  all infected or necrotic tissue and sternal 
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edge revision until normal bleeding. Drainage is achieved 
through high-vacuum Redon’s catheters connected to 
lightweight plastic bottles. The catheter is 2.7 mm in diam-
eter with multiperforated polyvinyl tubing, and the plastic 
graduated bottle is manufactured with a negative pres-
sure of  90 kPa and has a vacuum indicator that inflates in 
case of  loss of  negative pressure (Drainobag® Lock 150, 
Braun, Melsungen, Germany, Figure 1). The antibiotic 
therapy is composed of  a synergistic association of  two 
molecules. We usually have a bacteriological monitoring of  
the effluent fluids every day. Sterility of  the effluent fluids 
is obtained in 4 to 5 d for staphylococcus aureus or epi-
dermitis, however methicillin sensitive or resistance they 
might be. Sterility is delayed 8 d for gram-negative bacilli. 
When the effluent is sterile, the catheter is progressively 
withdrawn (2 cm every day). This technique avoids any 
recurrence of  sepsis. In the rare cases of  unusual delay 
in mediastinal sterilization, antibiotic dosage in the blood 
and in the effluent fluid allows an assessment of  antibiotic 
diffusion, and increased antibiotic dosage or prescrip-
tion of  a third antibiotic is always efficient in achieving 
sterility. In the group of  64 patients studied, 40 cases had 
isolated mediastinitis (nine in neonates, 20 in infants and 
11 in children), seven patients had mediastinitis associated 
with endocarditis who needed a longer antibiotic therapy 
course, and 17 had mediastinitis associated with organ 
failure. The mortality rate was 4%; one patient had pneu-
mococcal endocarditis and mediastinitis following a pul-
monary atresia with a ventricular septal defect cure. One 
patient had a redo operation for coronaroplasty following 
an arterial switch operation with mediastinitis and acute 
respiratory distress syndrome, and the third patient had an 
arterial switch and Senning procedure. The three patients 
died from associated complications after sterilization 
of  the mediastinal effluent and withdrawal of  Redon’s  
catheters.

The major advantages of  this technique are: (1) The 
primary sternal closure allows for a short mechanical 
ventilation time and short intensive care stay; (2) The 
lightweight plastic bottles allow patient mobilization; they 
are in fact less inconvenient than the intravenous perfu-
sion needed for antibiotics therapy; (3) The high-vacuum 
is well-tolerated. This drainage is used in pediatric or adult 
cardiac surgery (instead of  conventional underwater-seal 
drains) without hemodynamic drawback[86] (except for 
Norwood stage 1) and without damage to surrounding 
tissue; (4) The high-vacuum avoids any residual cavity 
and helps filling all of  the mediastinum with healthy well-
vascularized tissue; (5) Duration of  antibiotic therapy is 
short: 11 d in cases without organ failure and 15 d in pa-
tients with organ failure; namely, respiratory failure, renal 
failure or ECMO; (6) A short antibiotic course is probably 
the best way to avoid fungal superinfection and to prevent 
catheter-related complications; (7) The efficiency of  the 
short antibiotic course is due to the efficiency of  the me-
diastinal drainage; (8) The overall infection eradication rate 
is 100% on a group of  64 patients treated during a 10-year 
period[5]; (9) There is no need for sophisticated or expen-
sive material and the technique is not time consuming for 
the medical staff; and (10) As a result of  these advantages, 
the technique is cost effective. 

This therapy was adopted by several centers in Eu-
rope[87-90] and via humanitarian activities in Asia, South 
America and Africa. 

The literature about mediastinitis is prolific for adult 
cardiac surgery, but there is much less data for pediatric 
cardiac surgery. Pediatric patients are very different from 
adult patients; many factors make the prognosis of  me-
diastinitis worse including diabetes, chronic lung disease, 
and unilateral or bilateral use of  internal mammary artery 
for coronary artery bypass. All of  the different techniques 
were first used in adults and subsequently applied in pedi-
atric cases. The lack of  consensus about surgical manage-
ment is illustrated by the numerous strategies proposed. 
None of  the techniques are totally satisfactory, but we 
must keep in mind the differences between the pediatric 
and adult populations. We have demonstrated, on a large 
group of  patients, that primary closure, allowing quick 
mobilization with or without minimal discomfort, is a val-
id alternative to all other techniques. This technique is, to 
our knowledge, the shortest, simplest and most efficient 
method for mediastinitis that has been published. 

CONCLUSION
Prevention of  mediastinitis is still a difficult challenge. The 
prognosis of  mediastinitis is very different in adult com-
pared to pediatric patients, with mortality being very rarely 
related to mediastinal infection in pediatric cardiac sur-
gery. A primary sternal closure is the technique of  choice 
in pediatric patients. Short-term therapy is the main goal 
to decrease the physical and psychological trauma induced 
by this complication.
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Figure 1  Redon’s catheter. 1: Multiperforated polyvinyl tubing; 2: Luer-lock 
connector (with clamp above and under the connector) allowing safe discon-
nection of the plastic bottle; 3: Control of bottle vacuum (collapsible cap, when 
inflated the cap indicate the loss of vacuum).
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