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Swedish summary

Inom hjärtkirurgi är infektion i såret efter sternotomin (såret över bröstbenet) alltjämt en 
av de allvarligaste postoperativa komplikationerna. Koagulasnegativa stafylokocker är 
numera den vanligast förekommande bakterien vid dessa infektioner. Profylax med intra-
venöst givet beta-laktam antibiotikum (cefalosporin eller i Sverige vanligen isoxazolyl-
penicillin) används rutinmässigt. Emellertid är många koagulasnegativa stafylokocker 
resistenta mot just beta-laktam antibiotika. 
Vancomycin är ofta det enda tillgängliga effektiva antibiotikumet för behandling av upp-
komna sårinfektioner, men man brukar bestämt avråda från användning av vancomy-
cin som rutinprofylax, bland annat p.g.a. risken för selektion av vancomycinresistenta 
bakterier.
Målet med detta arbete var att utveckla och utvärdera en ny teknik för antibiotikaprofylax 
inom hjärtkirurgi. Tekniken består i lokal applicering av  gentamicinimpregnerade kolla-
genplattor i sternotomisåret i tillägg till den vanliga intravenösa antibiotikaprofylaxen. 

Antibiotikakoncentrationer i såväl operationssåret som i serum undersöktes, dels efter 
rutinmässig profylax med intravenöst dikloxacillin och dels efter lokal applicering av 
kollagen-gentamicin i operationssåret. Dessa studier visade att dikloxacillin-nivåerna 
var tillräckliga för att förebygga infektioner med methicillin-känsliga stafylokocker samt 
att extremt höga gentamicinnivåer erhålles i såret under de första 8-12 timmarna efter 
operationen vid lokal applikation. 
Två tusen patienter som genomgick hjärtkirurgi randomiserades därefter till rutinmäs-
sig profylax med intravenöst isoxazolyl-penicillin enbart (kontrollgrupp) eller till denna 
profylax i kombination med inläggning av kollagen-gentamicin plattor (260 mg gentamicin) 
i sternotomin före sårslutning. Primär end point var förekomst av någon sårinfektion inom 
två månader efter operationen.
Utvärdering var möjlig i 983 patienter i behandlingsgruppen och 967 i kontrollgruppen. 
Förekomsten av sårinfektion var 4,3%  i behandlingsgruppen och 9,0% i kontrollgruppen 
(relativ risk =
Det vanligaste bakteriologiska fyndet vid infektionerna var koagulasnegativa stafylo-
kocker följt av Stafylococcus aureus. Lokalt gentamicin reducerade förekomsten av sår-
infektioner orsakade av samtliga huvudsakligen förekommande, kliniskt betydelsefulla 
bakterier utom Propionibacterium acnes.
Att tillhöra kontrollgruppen, övervikt, diabetes mellitus, lägre ålder, användande av ena 
eller båda a mammaria interna, dålig hjärtfunktion (vänster kammares ejektionsfrak-

-
perativ sårinfektion i en multivariat riskfaktoranalys.
Hos de patienter där man hade använt ytterligare minst en ståltråd (sammanlagt > sex trådar) 
för att sy ihop bröstbenet var förekomsten av såväl djupa som ytliga sårinfektioner ca 70 % 
lägre i behandlingsgruppen än i kontrollgruppen och placeringen av kollagenplattorna 
mellan sternumhalvorna kan fordra att man ägnar särskild uppmärksamhet åt stabiliteten 

En kostnadseffektivitetsanalys visade att användandet av lokalt kollagen-gentamicin som 
profylax var dominant, dvs. ledde till såväl färre sårinfektioner som lägre kostnader.
Rutinmässig användning av profylaxen till alla vuxna hjärtkirurgipatienter kan 
förordas.



Abstract

In cardiac surgery, sternal wound infection (SWI) continues to be one of the most serious 
postoperative complications. Coagulase-negative staphylococci (CoNS) have become the 
most common causative agents of SWI. Prophylaxis with intravenous beta-lactam anti-
biotics (cephalosporins or in Sweden most commonly isoxazolyl penicillins) is routinely 
practised. However, many CoNS species are resistant to beta-lactam antibiotics. 
Vancomycin is often the only effective antibiotic available for treatment of these infec-
tions, but its use for routine prophylaxis is strongly discouraged because of the risk of 
increasing the selection of resistant bacteria. 
The aim of this work was to develop and evaluate a new technique for antibiotic prophy-
laxis in cardiac surgery consisting of application of drug eluting collagen-gentamicin 
sponges in the sternal wound in addition to conventional intravenous antibiotics. 

The antibiotic concentrations in the wound and serum achieved by routine intravenous 
dicloxacillin prophylaxis and those after application of local collagen-gentamicin in the 
sternal wound were investigated. These studies showed dicloxacillin levels adequate for 
prevention of infections by methicillin-susceptible staphylococci, and extremely high 

local application.
Two thousand cardiac surgery patients were then randomised to routine prophylaxis with 
intravenous isoxazolyl penicillin alone (control group) or to this prophylaxis combined 
with application of collagen-gentamicin (260 mg gentamicin) sponges within the ster-
notomy before wound closure. The primary end-point was any sternal wound infection 
within two months postoperatively.
Evaluation was possible in 983 and 967 patients in the treatment and control groups, respectively. 
The incidence of any sternal wound infection was 4.3% in the treatment group and 9.0 % in 

The most common microbiological agents were CoNS, followed by Staphylococcus 
aureus. Local gentamicin reduced the incidence of SWIs caused by all major, clinically 
important microbiological agents except Propionibacterium acnes.
Assignment to the control group, high body mass index, diabetes mellitus, younger age, 
single or double internal mammary artery, left ventricular ejection fraction less than 35% 
and longer operation time were independent risk factors for SWI in a multivariable risk 
factor analysis.

prophylaxis was associated with an approximately 70 % reduction in the incidence of SWI 
at all depths and the application of collagen sponges between sternal halves may require 

A cost effectiveness analysis showed that the application of local collagen-gentamicin as 
prophylaxis was dominant, i.e. resulted in both lower costs and fewer wound infections.

Routine use of the described prophylaxis in all adult cardiac surgery patients could be 
recommended.



List of papers

I Friberg Ö, Jones I, Sjöberg L, Söderquist B, Vikerfors T, Källman J. Antibiotic 

II Friberg Ö, Svedjeholm R, Söderquist B, Granfeldt H, Vikerfors T, Källman J. Local 
gentamicin reduces sternal wound infections after cardiac surgery: a randomized 

III Friberg Ö, Dahlin L-G, Levin L-Å, Magnusson A, Granfeldt H, Källman J, 
Svedjeholm R. Cost effectiveness of local collagen-gentamicin as prophy-
laxis for sternal wound infections in different risk groups. Scand Cardiovasc J 
2005 :doi:10.1080/14017430500363024.

IV Friberg Ö, Svedjeholm R, Källman J, Söderquist B. Incidence, microbiological 

with and without local gentamicin prophylaxis. Submitted

V Friberg Ö, Dahlin L-G, Söderquist B, Källman J, Svedjeholm R. Reduced deep 

and local collagen-gentamicin as prophylaxis. Submitted



Contents

ABBREVIATIONS................................................................................................................................. 10

INTRODUCTION................................................................................................................................... 11

Incidence of sternal wound infection..............................................................................................11
........................................................................................................11

Microbiology ...................................................................................................................................12
Mortality  ....................................................................................................................................13
Cost  ....................................................................................................................................13
Prevention ....................................................................................................................................13

1. Minimise contamination .................................................................................................15
a. Reduce bacterial levels in the operating room................................................................15
b. Pre- and postoperative hygiene routines .........................................................................15

2. Surgical technique ...........................................................................................................15
a. Avoid necrosis and ischaemia..........................................................................................15
b. Avoid haematomas, bleeding and dead space .................................................................15
c. ...................................................................................16
d. Minimise foreign material...............................................................................................16

3. Optimise conditions for wound healing ..........................................................................16
a. Optimise blood supply and pO

2
 in tissues.......................................................................16

b. Reduce oedema................................................................................................................16
c. Optimise blood glucose control.......................................................................................16

4. Antibiotic prophylaxis .....................................................................................................17
Aim of the prophylaxis .........................................................................................................17
Intravenous prophylaxis .......................................................................................................17
Rationale for reconsidering the present iv prophylaxis........................................................17
Local application of antibiotics ............................................................................................18

AIMS ....................................................................................................................................................... 19

MATERIALS AND METHODS........................................................................................................... 21

Patients  ....................................................................................................................................21
Dicloxacillin concentrations after iv administration (I) ...........................................................21
Gentamicin concentrations after local administration (I).........................................................21
Local Gentamicin for Sternal Wound Infection Prophylaxis (LOGIP) trial (II-V) ................. 22

.......................................... 24
Antibiotic prophylactic techniques ................................................................................................ 25

Routine iv antibiotic prophylaxis protocol ............................................................................... 25
Local collagen-gentamicin: surgical technique.........................................................................26

Study design and data collection ....................................................................................................27
...........................................................27

Dicloxacillin concentrations (I)............................................................................................27
Gentamicin concentrations (I)..............................................................................................27

Design of the LOGIP trial (II-V) ...............................................................................................27
General design ......................................................................................................................27
End point ...............................................................................................................................27
Follow-up and data collection...............................................................................................27

...................................................................................................28
Comment...............................................................................................................................28

Risk factors for sternal wound infection (III) ........................................................................... 29



8

Cost of a sternal wound infection and cost effectiveness of local gentamicin prophylaxis (III) . 29
Model for calculating the cost of a sternal wound infection................................................ 30
Cost effectiveness ................................................................................................................. 30
Sensitivity analysis ............................................................................................................... 30
Comment............................................................................................................................... 30

...... 31
Comment............................................................................................................................... 31

of local gentamicin prophylaxis (V) .......................................................................................... 32
Comment............................................................................................................................... 32

Biochemical analyses...................................................................................................................... 32
Dicloxacillin concentration (I)................................................................................................... 32
Gentamicin concentration (I)..................................................................................................... 32

Comment............................................................................................................................... 33
Microbiological analyses................................................................................................................ 33

Bacterial samples (II-IV) ........................................................................................................... 33
Statistical methods (I-V) ................................................................................................................. 33

Sample size ........................................................................................................................... 33
Risk factor analysis (III)....................................................................................................... 34
General statistical methods................................................................................................... 34

RESULTS AND DISCUSSION ............................................................................................................. 35

Antibiotic concentration determinations........................................................................................ 35
Dicloxacillin concentrations (I) ................................................................................................. 35

Comment............................................................................................................................... 35
Gentamicin concentrations (I) ................................................................................................... 37

Comment............................................................................................................................... 37
LOGIP trial ..................................................................................................................................... 38

Effect of local gentamicin on sternal wound infections (II, IV) ............................................... 38
Primary end point (II)........................................................................................................... 38
Microbiological agents and clinical presentation (IV)......................................................... 39
Comment............................................................................................................................... 40

General outcome (II).................................................................................................................. 41
Adverse reactions.................................................................................................................. 41
Comment............................................................................................................................... 41

Risk factors for sternal wound infection (III) ........................................................................... 41
Effect of prophylaxis in risk groups ..................................................................................... 41
Comment............................................................................................................................... 42

Cost of a sternal wound infection (III) ...................................................................................... 43
Comment............................................................................................................................... 43

Cost effectiveness of local gentamicin prophylaxis (III) .......................................................... 43
Comment............................................................................................................................... 45

Clinical presentation in relation to microbiological agent (IV) ................................................ 46
Cost related to microbiological agent ................................................................................... 46
Symptoms ............................................................................................................................. 46
Time to presentation ............................................................................................................. 47
Comment............................................................................................................................... 47

Antibiotic susceptibility (IV)..................................................................................................... 48
Comment............................................................................................................................... 48

............................. 49
Comment............................................................................................................................... 49

................... 50
Comment:.............................................................................................................................. 50



9

GENERAL DISCUSSION ...................................................................................................................... 51

Prophylactic effect of local gentamicin ..................................................................................... 51
Prophylaxis and antibiotic concentrations................................................................................. 51
Cost effectiveness ...................................................................................................................... 52
Issues of consideration............................................................................................................... 52

................................................ 52
The increase in reoperation for bleeding.............................................................................. 53

Future perspectives .................................................................................................................... 53
Details of the technique ........................................................................................................ 53
Antibiotic resistance ............................................................................................................. 53
Applications outside cardiac surgery ................................................................................... 54

CONCLUSIONS ...................................................................................................................................... 55

ACKNOWLEDGMENTS ....................................................................................................................... 57

REFERENCES ....................................................................................................................................... 59

PAPERS ................................................................................................................................................... 67



10

Abbreviations

BMI body mass index (kg/m2)

CABG coronary artery bypass grafting

CDC Centers for Disease Control and Prevention (United States Department of Health & 
Human Services)

CFU colony-forming units

CI

CoNS coagulase-negative staphylococcus

COPD chronic obstructive pulmonary disease

CPB cardiopulmonary bypass (~ECC)

CRP C-reactive protein

CT computerised tomography

DM diabetes mellitus

DSWI deep sternal wound infection

ECC extracorporeal circulation 

euro

HLGR high-level gentamicin-resistance 

ICU intensive care unit

IMA internal mammary artery

iv intravenous

LVEF left ventricular ejection fraction

MIC minimal inhibitory concentration

MRSA methicillin-resistant staphylococcus aureus

MRSE methicillin-resistant staphylococcus epidermidis (a CoNS)

OR odds ratio

RCT randomised controlled trial

RR relative risk

SD standard deviation

SSI surgical site infection

SSWI

SWI sternal wound infection

VRSA vancomycin-resistant staphylococcus aureus

WHO World Health Organisation
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Introduction

Surgical site infection (SSI) is the most common nosocomial infection among surgical 

substantial. In a recent analysis of the burden of Staphylococcus aureus infections in US 
hospitals during the years 2000 and 2001 it was concluded that these infections alone 
cause almost 12 000 in-patient deaths and an estimated 2.7 million days in excess length 
of stay in the US annually (2). In patients who had undergone invasive cardiovascular 
surgery a S. aureus infection accounted for an increase in hospital charges of +67 499 US$ 
compared to in-patients without S. aureus. How many of these were wound infections was 

S. aureus
infections in cardiothoracic patients.

Incidence of sternal wound infection
Sternal wound infection is a well-known complication after cardiac surgery. The reported 
incidence varies from 0.25 to 9% (3-9). The large differences in the reported incidence 

-
operative follow-up. In the few studies that provide detailed information regarding how 
a complete postoperative follow-up and data collection were achieved the total incidence 

Disease Control and Prevention (CDC) system for classifying a postoperative SSI is the 

30 days after the operation and an infection according to relatively liberal criteria 
(e.g. positive culture or purulent drainage or evidence of deep infection on radiological or 
histopathological or other examination or
attending physician). The infections are then based on the depth
incisional SSI, Deep incisional SSI or Organ/Space SSI. 

reason for this might be that it is not intuitively easy to apply to sternal wound infec-
tions, since the term “deep” wound infection has by tradition mostly been used for cases 
with sternal instability and/or an apparent abscess in the mediastinum, whereas the CDC 

-
-

diothoracic literature the term mediastinitis is often used synonymously with deep SWI 

reports from cardiothoracic institutions. 
Further confusion is caused by the fact that there are cases of sternal dehiscence, caused 
by primary “mechanical instability”, without a primary wound infection. To what extent 
these cases have appropriate bacterial samples taken to detect a bacterial component or 

and to what extent they are reported at all, probably vary greatly between institutions. 
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There are also data suggesting that any mechanical instability will promote the growth 
of bacteria present in the wound and unless the wound is promptly stabilized, a clinical 
wound infection will develop (12). It is also well recognised that a fulminant SWI without 
early surgical treatment will rapidly lead to sternal bone destruction with subsequent 
dehiscence.
Early surgical intervention in both these cases can prevent the development of more 
serious consequences. On the other hand it will imply an increased incidence of surgical 
interventions, which may give a false impression of an increased rate of SWIs.
Some airborne bacterial contamination of surgical wounds is unavoidable and it is con-
ceivable that at the end of a cardiac operation there may be bacteria present in the surgical 
wound in a majority of cases (13, 14). Nevertheless, few of these patients develop clinical 
wound infections requiring antibiotic or surgical treatment. 
Thus, neither the presence of bacteria in a wound nor sternal dehiscence should constitute 
sole criteria for a diagnosis of SWI, and some degree of subjectivity in the interpretation 

SWI between units and between different time periods the number of patients who have 
experienced any kind of problem with wound healing will be a fairly objective parameter, 
presuming that all patients are followed up for at least 30 days, or preferably longer.

-

-

(10). It sets a score based on both local symptoms and treatments of a wound infection, 
thus measuring the clinical “severity” of the infection irrespective of its depth or other 
characteristics. It is time consuming, since it involves a thorough follow-up of all wounds 
postoperatively for a period of two months. Unfortunately, it has not been generally used 
in research. This may be due to the facts that most published reports are based on retro-
spective analyses and the meticulous follow-up and documentation of all surgical wounds 
is not commonly implemented in clinical practice. 

Microbiology
Coagulase-negative staphylococci (CoNS), mostly Staphylococcus epidermidis, have 
emerged as the most common pathogenic agents during the last 20 years, followed by the 
previously dominating bacterial agents S. aureus and Gram-negative bacteria (5, 6, 16-19). 
Propionibacterium acnes has also been reported recently as a relatively common agent (16). 
Formerly probably regarded as a mostly harmless contaminant, its role, however, in postop-
erative SWI is still unclear. Less commonly reported agents include streptococci, anaerobic 
bacteria, Candida albicans, Aspergillus and mycobacterium tuberculosis (16, 20-25) 
The three dominating agents, CoNS, S. aureus and Gram-negative rods, have been reported 
to be associated with different clinical characteristics of the mediastinitis and possibly with 
different pathogenetic mechanisms (19).  Mediastinitis caused by CoNS has been claimed, 
for example, to be associated with obesity, chronic obstructive pulmonary disease (COPD) 
and sternal dehiscence, mediastinitis caused by S. aureus has been proposed to be caused 
by intraoperative contamination of the mediastinum, and Gram-negative rods are reported 

Introduction



13

to be mainly found in mediastinitis caused by spread from concomitant infections in other 

use of different prophylactic measures to address the different agents and pathogenetic 
mechanisms.

Mortality
There is considerable variation in the reported early mortality due to SWI. Most centres 
have reported mortality rates of about 10-30%, although some authors report zero, or 
almost zero mortality when applying new treatment modalities (7, 26-29). The mortality 
seems to have decreased gradually during the last 20 years. There may be a selection 
bias towards more serious infections in the earlier series and series presenting low total 
incidences of SWI. There is a risk, not always recognised, of underestimating the con-
sequences of an SWI when comparing mortality in these cases with that in uninfected 
matched or unmatched controls, since there is a selection bias (i.e. only patients who 
survive are at risk of developing an SWI). 
Furthermore, the detrimental effect of SWI may extend far beyond the in-hospital and 30-day  
period and mediastinitis has been reported to be associated with a marked decrease in 
long-term survival (30, 31) (32).

Cost 

of estimations of the cost published since 1990 is given in Table 1. The costs cannot be 
directly compared, since they refer to different time periods and, in addition, the calcula-
tions may be less valid when applied on different countries with different health care sys-
tems. Most investigators compare infected patients with non-infected controls. However, 
case-control studies may be biased. The controls need to be carefully matched, since most 
risk factors for infection (e.g. low left ventricular ejection fraction [LVEF], high body 
mass index [BMI], diabetes mellitus [DM]) are also risk factors for other postoperative 
complications leading to increased costs.

Nevertheless, it is unquestionable that the cost of treating a postoperative SWI is substan-
tial. Furthermore, all of the studies listed in Table 1 include only costs for the health careFurthermore, all of the studies listed in Table 1 include only costs for the health care 
provider and no indirect costs for society, costs for the patient or economic calculations 
of losses in quality of life, for example.

Prevention 
Since the costs of SWI for the health care system are high and the consequences for the 
patient potentially devastating, even comparatively expensive but effective prophylactic 

Avoidance of cardiac surgery in patients with an increased risk of infection is rarely an 
option, especially since important risk factors (e.g. DM, high BMI) are also risk factors 
for cardiovascular disease and some risk factors (e.g. DM, low LVEF) are correlated to 
a better general outcome with surgery compared with medical or alternative treatments. 

SWI. It should be emphasised that effective prevention requires that all these aspects be 
addressed simultaneously. 

Introduction
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1. Minimise contamination

a. Reduce bacterial levels in the operating room
The number of bacteria in the air in the operating room, measured as colony-forming 
units (CFU)/m2, has been shown to correlate to the rate of wound infections and there 
are recommendations for acceptable counts of CFU/m2 for different types of surgery (33, 
34). The level of CFU/m2 

room and can also be reduced by letting the staff wear tightly woven clean air suits instead 
of cotton suits (35, 36). The clothes worn by the staff in the operating room should not 
be used in contact with patients elsewhere. Staff with any skin infection should not be 
allowed in the operating room (37). 
Also, ultraviolet radiation has been shown to reduce the airborne contamination (38).

b. Pre- and postoperative hygiene routines
Preoperative chlorhexidine disinfection of the patients skin has been shown to reduce the skin 

(39). Nevertheless, preoperative showering with chlorhexidine is commonly practised. The 
patient’s nasal carriage of S. aureus
contamination and a risk factor for the development of a postoperative wound infection, and 
elimination of nasal carriage reduce the incidence of wound infections (40-43).
Preoperative shaving of the surgical site the night before an operation is associated with a 

(1). If the hair on the incision site is to be shortened preoperatively, this should be done 
immediately before surgery, not the night before, and it should be done with a clipper, 
without shaving (44).
The spread of pathogenic or resistant bacterial strains between patients and staff in the 
ward can be minimised through strict hygiene routines.

2. Surgical technique

a. Avoid necrosis and ischaemia
Impaired blood supply is one of the fundamental causes of delayed healing in all kinds 
of surgery and is the proposed mechanism by which usage of one or both internal 
mammary arteries in coronary bypass surgery (CABG) is associated with an increased 
risk for SWI (6, 8, 27, 45).
Discriminate use of electrocautery on presternal tissue has been shown to decrease the 
incidence of wound infection in dogs, and systematic use of the technique has been 
reported to be associated with a low incidence of mediastinitis in humans (46, 47). 

b. Avoid haematomas, bleeding and dead space
Cavities or haematomas constitute spaces and substrates for bacterial growth that is unin-
hibited by the immune system and is hard to reach with antibiotic prophylaxis. Bleeding 
is also associated with red cell transfusion and reoperation, two reported risk factors for 
SWI (48, 49). Most studies of the risks of SWI related to red cell transfusion have been 

leucocyte-free red blood cell concentrates may carry a substantially lower risk.
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infection rate, despite the presence of foreign material, in both experimental and clinical 
studies (12, 50, 51). In cardiac surgery, a prospective randomised trial demonstrated a 

reports have also supported the theory that additional measures to achieve rigid sternal 

d. Minimise foreign material
Adherence to foreign materials is one important pathogenetic property of e.g. CoNS (56). 
Avoidance of permanent or long-term implantation of iv catheters, suture material and so 
on can therefore be advocated.

3. Optimise conditions for wound healing

a. Optimise blood supply and pO2 in tissues
Low LVEF and the use of (mostly adrenergic) inotropic support with a consequently 

of the surgical wound infection rate when patients received 80% oxygen during surgery 
and 2 hours postoperatively, compared to 30% in the control group (59). This effect was 

other studies (these were smaller and have been methodologically criticised (61, 62)), there 
is growing evidence that supplemental oxygen reduces the incidence of SSI after colorectal 
surgery and deserves further evaluation in other surgical procedures.

b. Reduce oedema
Oedema, caused for example by volume overload, right-sided heart failure or increased 
capillary permeability, may reduce tissue perfusion and impair wound healing. A ran-
domised study in abdominal surgery showed that wound healing improved when intrave-

c. Optimise blood glucose control
Strict control of blood glucose levels reduces the rate of deep wound infection and also of 
mortality in diabetics undergoing cardiac surgery (64, 65). Intensive insulin treatment in 
the intensive care unit (ICU) has been shown to reduce mortality and morbidity, including 
septic complications, regardless of whether the patients have a history of diabetes or not 

both of glycaemic control and of increased insulin levels may be contributory. Inactivation 
of proteins involved in the immune system and wound healing by glycosylation, as well 
as deterioration of leucocyte function, are related to an elevation in blood glucose. 

Introduction
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4. Antibiotic prophylaxis 

Antibiotic prophylaxis in cardiac surgery appears to have been initially focused mainly on 
prevention of endocarditis and prosthetic valve infections. Several studies have addressed 
concentrations of antibiotics in the serum and in cardiac tissue but there are fewer data on 
concentrations in the wound (67-72). With the expansion of coronary bypass surgery 25-30 
years ago the aim seems to have changed mainly to prevention of sternal wound infections. 

A number of randomised studies have shown that perioperative intravenous prophylaxis 
reduces the wound infection rate to about 1/5 compared with placebo(73). This doubtless 
makes it the single most effective preventive action, compared with those previously men-
tioned. The timing of the prophylaxis is important (74). The systemic antibiotic concen-
tration should already be high at skin incision and kept high during surgery. There is no 

are economic and ecological reasons why the prophylaxis should be kept short. Use of 
prophylaxis of less than 48 hours’ duration is now generally accepted (1, 75-78). In fact, a 

-
eters and drainage tubes have been removed cannot be considered appropriate (79-82).

Beta-lactam antibiotics are most frequently used (77, 78). In Sweden isoxazolylpenicillins 
are most common. They have an excellent effect on methicillin-susceptible staphylococci 
but no effect on Gram-negative bacteria. However, since the latter infections are less 
common and the relative incidence of Gram-negative agents among SWI in Sweden has 

been considered satisfactory in our country. Internationally, cephalosporins are completely 
dominating as the recommended prophylaxis (78, 83, 84), the rationale being their broader 
spectrum with an effect on Gram-negative microorganisms. In some countries, for exam-
ple England, cephalosporins have occasionally been combined with iv aminoglycosides 

of cephalosporins alone, has been reported (79, 85, 86). 

Although the pharmacokinetics of beta-lactams in the blood and different tissues is well 
known, there are few studies on this subject in patients during extracorporeal circula-

concentrations of dicloxacillin in cardiac surgery. For several reasons, including the direct 
contact of the patient’s blood with the foreign material in the oxygenator and tubes, the 

intra- and postoperative disturbance of renal function, the pharmacokinetics of drugs 
during and after cardiac surgery may differ from the “normal”.

referred to as methicillin-resistant S. epidermidis (MRSE). Methicillin-resistant S. aureus
(MRSA) has also emerged as a potential pathogen in postoperative SWI (87, 88).
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Vancomycin is often the only effective antibiotic available for treatment of sternal infec-
tions caused by these agents, but its use for routine prophylaxis is strongly discouraged 
by microbiologists because of the risk of increasing the selection of resistant bacteria 
with subsequent serious ecological and therapeutic consequences. The importance of 
restrictive use of vancomycin is emphasised by recent reports from France of MRSA with 
reduced susceptibility to glycopeptides (89, 90). S. aureus with reduced susceptibility to 

resistant S. aureus

In addition, vancomycin is a less active anti-staphylococcal agent than are beta-lactam anti-
biotics (93), and its effects on MRSE and MRSA may not compensate for a weaker effect 
on methicillin-susceptible staphylococci. Accordingly, in a meta-analysis iv glycopeptides 
were in fact found to be inferior to beta-lactam antibiotics in preventing SWI after cardiac 
surgery (94) and vancomycin was not superior even in a study conducted in a centre with 
high prevalence of MRSA (95).
Hence, alternative approaches to prevention of postoperative sternal infections need to 
be explored.

Local application of antibiotics
Local administration of gentamicin is a theoretically appealing way of achieving very 
high local antibiotic concentrations, far beyond what would have been possible by sys-
temic administration in view of the risk of toxic adverse reactions. Hence, the high gen-
tamicin concentration in the wound achieved by local application of gentamicin may be 
effective against bacteria that are normally considered resistant according to the MIC 
values. Topical gentamicin has been successfully used in treatment of mediastinitis and 
as prophylaxis in abdominal surgery (96, 97). Gentamicin has, moreover, a long tradition 
in orthopaedic surgery, being added to bone cement as prophylaxis and being used in the 
treatment of osteomyelitis.
Although gentamicin is generally used for Gram-negative infections, it does have a spec-
trum of bactericidal activity against many Gram-positive organisms, including staphylo-
cocci (98). Synergism between aminoglycosides and beta-lactam antibiotics has also been 
reported (99), and the addition of a single 5 mg/kg iv gentamicin dose to vancomycin or 
daptomycin has been reported to increase the bactericidal activity against MRSA (100). 
Topical vancomycin has been shown to reduce the incidence of sternal infection in one 
randomised study (101). However, although frequently practised (84), all prophylactic use 
of vancomycin should be restrictive, for the reasons previously mentioned. 
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Aims

The aim of this work was to develop and evaluate a new technique for antibiotic prop-
hylaxis in cardiac surgery consisting of insertion of absorbable, drug eluting collagen-
gentamicin sponges in the sternal wound in addition to the conventional iv antibiotics.

to investigate the antibiotic concentrations in the wound and in the serum achieved 
by routine iv administration of dicloxacillin (paper I)

to determine the antibiotic concentrations in the wound and serum achieved by 
application of local collagen-gentamicin in the sternal wound (paper I)

to evaluate the effect of addition of local collagen-gentamicin as prophylaxis on the 
incidence of postoperative SWI (paper II)

to identify and analyse risk factors for SWI and any possible heterogeneity of the 
effect of the prophylaxis in relation to these risk factors (papers II and III)

to assess the cost effectiveness of local collagen-gentamicin prophylaxis (paper III)

-
tion of these infections and the effect of the prophylaxis (paper IV)

to test the post-hoc hypothesis that sternal closure with six or fewer sternal wires 
was associated with a weaker effect of the local gentamicin prophylaxis on DSWI 
(paper V).



20



21

Materials and Methods

Patients

Dicloxacillin concentrations after iv administration (I)

One hundred and one consecutive adult cardiac surgery patients without penicillin intol-
erance were included (Table 2) and received iv dicloxacillin according to the routine 

Gentamicin concentrations after local administration (I)

The gentamicin concentrations in the serum and wound were measured in 30 consecu-
tive cardiac surgery patients who had received routine iv prophylaxis with dicloxacillin 

-
tomised and was on haemodialysis.

Table 2. Patient characteristics in antibiotic concentration studies.

Iv dicloxacillin
(n=101)

Local gentamicin (n=30) 

Sex (M/F) 70/31 25/5

Operation

CABG 74 28

Valve 12 1

CABG+valve 12

Other 3 1

Age (yr) 67.1 + 64.6 +

Weight (kg) 77.8 + 80.2 +

S-creatinine (μmol/L) 94.7 + 111.3 +

Data are shown as numbers of patients (n) or mean +/SD (range).
CABG = coronary artery bypass grafting.
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Local Gentamicin for Sternal Wound Infection Prophylaxis (LOGIP) trial (II-V)

The study was conducted in two cardiothoracic centres (Centres A and B) in Sweden 
during the period September 2000 to September 2002. 
Eligible for inclusion in the study were all patients undergoing cardiac surgery through 
median sternotomy, including operations on the ascending aorta. Exclusion criteria
were: 1) known allergy to gentamicin, 2) pregnancy or breast-feeding, 3) treatment with 

During the study period a total of 2742 patients underwent cardiac surgery at the two 

Of these, 1956 patients entered the study. Six of these could not be reached at the follow-
up. Table 3 shows baseline data of the remaining 1950 patients and of all other patients 
operated on during the study period (including those excluded during the trial process).

All cardiac surgery
operations during

study period:
(n=2742)

Not included
(n=742)

Randomised
(n=2000)

Treatment (n=1000)
Excluded peroperatively

n=5

Control (n=1000)
Excluded peroperatively

n=4

Lost to follow-up
(n=12)
(11 declined further
participation and 1
could not be
reached)

Lost to follow-up
(n=29)
(24 declined further
participation and 5
could not be
reached)

Analysed n=983 Analysed n=967

Figure 1.
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Table 3. Baseline data, LOGIP trial

Control

(n = 967)

Treatment

(n = 983)

All other opera-
tions during 

study period*
(n = 792)

Centre, no. of patients (%)

Centre A 503 (52.0) 509 (51.8) 363 (45.8)

Centre B 464 (48.0) 474 (48.2) 429 (54.2)

Sex

Male, no. (%) 735 (76.0) 753 (76.6) 525 (66.3)

Age in years, median (range) 68 (20-87) 68 (25-87) 70 (16-88)

Risk factors

BMI, median (range) 26.6 (14.8-46.1) 26.3 (15.6-42.8)

Serum creatinine (μmol/L), median (range) 94 (50-1084) 96 (45-801)

Preop dialysis, no. (%) 9 (0.9) 5 (0.5)

Diabetes, insulin/drug treated, no. (%) 174 (18.0) 180 (18.3) 154 (19.4)

COPD, no (%) 58 (6.0) 52 (5.3) 55 (6.9)

65 (6.7) 50 (5.1) 37 (4.7)

Preop medication: no. (%)

Oral steroid treatment 47 (4.9) 22 (2.2)

Immunosuppression 12 (1.2) 9 (0.9)

Preop anticoagulation, any 570 (58.9) 622 (63.3)

Dalteparin or Heparin (within 24 h) 338 (35.0) 347 (35.3)

Warfarin (within 3 days) 9 (0.9) 9 (0.9)

Clopidogrel (within 3 days) 11 (1.1) 9 (0.9)

Aspirin (within 7 days) 465 (48.1) 536 (54.5)

Dipyridamole 6 (0.9) 3 (0.3)

Preop hospital stay, days, median (range) 1 (0-40) 1 (0-41)

Emergency operation, no. (%) operation, no. (%) 23 (2.4) 23 (2.3) 97 (12.2)

Type of surgery, no. (%)

CABG 698(72.2) 732 (74.5) 555 (70.1)

Off pump (% of CABG) 63 (9.0) 65 (8.9) 51 (9.2)

Valve 135 (14.0) 131 (13.3) 108 (13.6)

Aortic aneurysm 18 (1.9) 11 (1.1) 48 (6.0)

Congenital malformation 5 (0.5) 6 (0.6) 4 (0.5)

CABG+other (mostly valve) 100 (10.3) 95 (9.7) 66 (8.3)

Other 11 (1.1) 8 (0.8) 11 (1.4)

Use of mammary artery, no. (%)

LIMA only all operations 679 (70.2) 701 (71.3)

CABG(% of CABG) 615 (88.1) 641 (87.6)

RIMA only all operations 4 (0.4) 6 (0.6)

CABG(% of CABG) 3 (0.4) 5 (0.6)

Bilateral IMA all operations 10 (1.0) 9 (0.9)

CABG(% of CABG) 9 (1.3) 9 (1.2)

Times, minutes

Operation, duration, median (range) 195 (65-632) 195 (60-778)

CPB, duration, median (range) 88 (19-365) 87 (30-480) 91 (22-619)

*Consists
centres’ clinical databases are shown for these patients.  BMI = body mass index (kg/m2), CABG = coronary artery 
bypass grafting, COPD = chronic obstructive pulmonary disease, CPB = cardiopulmonary bypass, LIMA/RIMA = 
left/right internal mammary artery.
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In paper V, subpopulations of the LOGIP patient population were studied as follows: 

XW group). There were 1012 patients in the trial from centre A and the number of wires 
was available for 1005 of these patients (Table 4).

the XW-group had a slightly higher mean height (Table 2 in Paper V). 

Table 4. 

No of sternal wires n (%) Group n (%)

5 10 (1.0) “ST”
(standard technique)

741 (73.7)
6 731 (72.2)

7 235 (23.2)

“XW”
(extra wires)

264 (26.3)
8 27 (2.7)

9 1 (0.1)

10 1 (0.1)

The effect of the collagen-gentamicin prophylaxis was analysed with the ST group 
excluded from the total study population (Fig. 2). Of the remaining 1 202 patients, 613 
and 589 were randomised to the treatment and control groups, respectively. Table 5 shows 
baseline data of these patients.

XW group (> 7 sternal
wires) (n = 264)

All patients from centre B 
(n = 938)

Trial patients with extra-rigid
distal sternal fixation 

(n = 1202) 

Local gentamicin 
(n = 613) 

Control
(n = 589)

All patients from centre A 
(n = 1012)

ST group (<6 sternal
wires) (n = 741) and

patients with an unknown
no. of wires (n = 7)

Figure 2. All patients from centre B and those patients from centre A with 7 or more sternal wires 
(the extra wire [XW] group) constituted the group of patients in the original LOGIP trial that were 

ST = Standard technique
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Table 5. Baseline data of the 1 202 cardiac surgery patients in the LOGIP trial remaining after 
exclusion of patients at centre A with six or fewer sternal wires. In the treatment group collagen-
gentamicin (260 mg gentamicin) was applied in the sternal wound. All differences between the two 

Treatment
 (n = 613)

Control
(n = 589)

Type of surgery, No. (%)

CABG 459 (74.9) 413 (70.1)
Valve 82 (13.4) 89 (15.1)
CABG + other 54 (8.8) 58 (9.8)
Aortic aneurysm 9 (1.5) 16 (2.7)
Congenital malformations 4 (0.7) 2 (0.3)
Other 5 (0.8) 11 (1.9)

Risk factors

Continuous, mean (SD)
BMI, kg/m2  26.8 (3.7) 26.8 (4.1)
Age, yr 65.9 (10.1) 65.8 (10.5)
Duration of operation, min 205 (59.9) 207 (68.7)

Categorical, No. (%)
Diabetes 104 (17.0) 101 (17.1)
Unilateral IMA 442 (72.1) 402 (68.3)
Bilateral IMA 6 (1.0) 5 (0.8)

25 (4.1) 35 (5.9)
Immunosuppression 6 (1.0) 9 (1.5)
COPD 29 (4.7) 34 (5.8)

BMI

SD = standard deviation.

Antibiotic prophylactic techniques

Routine iv antibiotic prophylaxis protocol 

Dicloxacillin was given at an iv dose of 1g at the following times: immediately before 

postoperatively. 
During the LOGIP trial (paper II-V), iv antibiotic prophylaxis was discontinued after 24 
hours. At the second participating centre (centre B) cloxacillin, 2 g, was given at similar 
intervals. Patients with penicillin intolerance received clindamycin 600 mg at similar 
intervals.

Materials and Methods
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Local collagen-gentamicin: surgical technique

Collatamp®

bovine collagen sponge impregnated with gentamicin sulphate. A 10x10x0.5 cm sponge 
contains 280 mg collagen and 130 mg gentamicin (200 mg gentamicin sulphate). At the 
end of the operation, two sponges were cut into pieces of appropriate sizes (approximately 
5x10 cm) that were placed between the sternal halves before the sternal wires were tight-

around the sternum in the intercostal spaces at the level of the corpus and as a rule trans-
sternally at the manubrium. 

     

Stemal wire

Stemum

Sponge with
gentamicin

Figure 3. The collagen sponges were placed in a single layer between the sternal halves before 
the wires were tightened.
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Study design and data collection

Venous blood (serum) samples for measurement of dicloxacillin concentrations were taken 

closure and then from the chest tubes immediately before each successive dicloxacillin 
dose as long as the chest tube drainages were still in place.

Gentamicin concentrations (I)

venous blood (serum) postoperatively at 2, 4, 8 and 12 h and at 2, 4, 8, 12, 24 and 48 h 
after sternal closure, respectively.

Design of the LOGIP trial (II-V)

General design
The study was randomised, prospective and double-blind (i.e. the patients and those phy-

were blinded regarding what treatment the patients had received). 
At the end of the operation, immediately before sternal closure, the patient was allocated 
to a treatment group (routine iv prophylaxis combined with sternal application of colla-

The treatment group received two Collatamp®-G sponges in the wound immediately 
before closure as described above (Fig. 3). In the control group the wound was closed in 
a conventional way.

End point
The primary end point was any SWI within 2 months postoperatively. All analyses were 
made on an intention-to-treat basis, i.e. patients who died and those reoperated on for 
bleeding or other reasons during the follow-up period were included in the analysis.

Follow-up and data collection
During the postoperative stay in the surgical department, all reoperations and SWIs were 
recorded. 
After discharge the patients were contacted by telephone 2 months postoperatively and 
were asked to answer a structured list of standardised questions. Those who could not be 
reached by phone were sent a letter with a questionnaire containing the same questions. 
Any reported symptom of impaired wound healing or possible wound infection resulted 
in a check-up of medical records from all postoperative contacts with medical services.
Mortality data were double-checked against the national Swedish population register.
The interval from surgery to presentation of SWI was noted. The symptoms of SWI, as 
reported by the patient and/or documented in the patient’s medical record, were recorded 
as including one or more of the following: secretion from the wound, redness of the 
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C (during the 
SWI or within 3 days before diagnosis of SWI). 
The highest plasma level of C-reactive protein (p-CRP) during the SWI or within 3 days 
before diagnosis of SWI was recorded when available. 

Five samples for bacterial culture, of which at least two were tissue samples, were to be 
collected intraoperatively at reoperations for wound infection in cases handled at either of 
the two participating centres. In infected patients handled at referring hospitals, cultures 
were taken on clinical indications alone and according to local routines.

-

Table 6.

Depth Localisation Description
1 Cutis E.g. infected crusts

2 Subcutis Involving subcutaneous tissue but not reach-

3 Presternal
fascia, involving sternal wires.

Deep4 Sternal bone or 
mediastinum osteomyelitis or positive bacterial cultures 

from mediastinum or mediastinal abscess.

-
tions were considered as “infection” in the following calculations unless otherwise stated.

with the same bacterial isolate.

Comment

inevitably to some degree subjective. There were several cases where the clinical diagnosis 
of SWI (even regarding deep SWI) was uncertain even after extensive examinations and 

included all cases where infection could not be ruled out, irrespective of positive cultures, 

ones (depth 1) could be considered less important clinically. Data regarding surgical revision 
of the wound because of SWI and data on antibiotic treatment were recorded. The indication 
for antibiotic treatment was not always evident and in a few cases antibiotics had been admin-
istered because of fever and elevation of p-CRP of uncertain cause. Antibiotic treatment was 
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Risk factors for sternal wound infection (III)

(treatment/control), were tested by univariable analysis.
All factors in the univariable analysis with a P value of 0.2 or less were entered into the 
multivariable analysis. In addition, reoperation for bleeding was tested since it was sig-

a risk factor in the literature.
Use of an internal mammary artery (IMA) and type of operation are strongly correlated 
and the latter was therefore not entered in the multivariable analysis.

for statistical interaction with treatment group by adding the interactions one at a time to 
the multivariable model achieved with forward stepwise analysis.

Cost of a sternal wound infection and cost effectiveness 
of local gentamicin prophylaxis (III)

Model for calculating the cost of a sternal wound infection
This study was conducted from the perspective of the health care provider, excluding costs 
for production losses and patient costs.
Patients with SWI requiring surgical revision of the infected wound (59 patients: 38 and 
21 in the control and treatment groups, respectively) and those who had been in-patients 
at a department for infectious diseases because of SWI (additionally 8 patients: 5 and 
3, respectively) were considered the clinically most important groups. For all of these 
patients there were valid data in the medical records for the cost analysis and information 
on the following resource use was collected: Antibiotics given with SWI as the primary 

-

visits to doctors and nurses concerning the SWI (Table 7). The number of days in the ICU 
and ward represent an assessment of the number of extra days caused by the SWI only, 
and not primarily by other concomitant complications. 

All data were then converted to costs by applying a unit cost from the hospitals’ internal 
economic systems. All costs were calculated in 2003 Swedish kronor (SEK) and then 

(102) .The costs used in the calculations are shown in Table 7. The cost of the prophylaxis 
(two 10x10 cm Collatamp®

For a number of the less severe and late SWIs that had been treated by external medical 

For these 62 patients (44 in the control group and 18 in the treatment group) with clinically 
less severe infections the cost was “standardised” to the lowest possible realistic cost, i.e. 

1 gram three times a day).
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Table 7. Resources and their allocated costs for the 129 cases with sternal wound infection

Unit cost,
euro 

Number (%) 
of patients 
with any

Mean cost 
per SWI,

euro

Surgical revision under general anaesthesia 2 288 53 (41.1) 2 359

Surgical revision under local anaesthesia 548 11 (8.5) 98

CT scan thorax 312 21 (16.3) 44

Days in the ICU 2 285 26 (20.1) 5 119

Days in a ward

Cardiothoracic clinic 517 33 (25.6) 1 597

Infectious diseases clinic 728 41 (19.4) 2 461

Other clinic 334 34 (26.3) 1 431

Out-patient visit to doctor 221 52 (40.3) 395

Out-patient visit to nurse 57 17 (13.2) 130

Cost of antibiotics 847

TOTAL 14 481

CT

Cost effectiveness
-

ness is summarised in Figure 4. The cost of all SWIs in the control group was compared 
with the cost of all SWIs and of the prophylaxis in the treatment group to achieve a cost 
per avoided SWI.

Sensitivity analysis
Since the costs in the treatment and control groups may have been coincidentally and 

performed with application of the same mean cost of all infections to both groups.
There was a higher incidence of reoperation for bleeding in the treatment group. A calculation 
including all reoperations for bleeding was therefore also conducted. 

SWI was also explored. 

Comment
-

sing exactly to what extent the SWI contributed to the prolonged postoperative hospital 
stay or ICU stay in patients with a complicated postoperative course. However, the com-
monly applied approach in a case-control study involves problems associated with selec-
tion bias, which may be even larger.
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Treated at clinic for
infectious diseases

Control group
n=967

No surgical
revision

n=49

Surgical revision
n=38

Treatment group
n=983

SWI within
two months

n=42

No SWI
n=941

No surgical
revision

n=21

Surgical revision
n=21

Treated at clinic for
infectious diseases

SWI within
two months

n=87

No SWI
n=880

CSWI + CP (n=3)

SC + CP (n=18)

SC (n=44)

CSWI (n=5)

CSWI + CP (n=21)

CSWI (n=38)

Cost

CP (n=941)

No cost (n=880)

Figure 4. 
SWI = Sternal wound infection 

)

local gentamicin prophylaxis (IV)

A total of 129 SWIs were analysed. All the results from the bacterial cultures were reviewed 
by a specialist in infectious diseases and/or clinical microbiology during the process of more 

multiple agents the probable primary causative agent was then purposely selected where possible 
and agents that were considered to be contaminants were excluded from further analysis. 

The main groups of causative bacterial agents were compared from three main aspects: the 
cost of the treatment, the clinical presentation of the SWI and the effect of the gentamicin 
prophylaxis. The cost of the treatment of the SWI (calculated as described below) was used 
in this context as a measure of the general clinical ”severity” of the infection.

Comment
The number and quality of bacterial samples varied. In cases with multiple agents the chron-

However, in those few cases where more than one agent was primarily isolated the selection 
of the most probable causative agent involved an evaluation by the microbiologist.
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Subanalyses of the results of the trial had indicated discrepancies between the centres in the 
effect of the prophylaxis on DSWIs, with a weaker prophylactic effect at centre A. There 

of the surgical technique with the aim of reducing wound infections. This implied a dif-
ference from the standard technique used at centre A in one main respect, namely that the 

the caudal part of corpus” (54). A more generous attitude towards using more than six wires 
was gradually also adopted at centre A. As a result a proportion of the patients at centre A 
received more than six wires, especially during the second year of the trial. 

Comment
It is not known whether all surgeons at centre B complied with the policy regarding the 
number of wires in 100% of the cases, since postoperative X-rays were not available for 
examination at this centre, but for study purposes it was assumed that particular attention 

At centre A the number of wires may be less important per se, but use of additional wires 
may rather be an indication that the surgeon had paid more than usual attention to avoid-
ing sternal instability.
There are two main limitations in the study design that are associated with retrospective 

patients were not randomised. Secondly, regarding the effect of local gentamicin exclud-

protocol of the LOGIP trial.

Biochemical analyses

Dicloxacillin concentration (I)

-

strain, S. aureus
Biodisk) with increasing concentrations of dicloxacillin. The concentrations in the patient 

according to the inhibition zone around this disc compared to the standard curve.

Gentamicin concentration (I)

immunoassay (Abbott Laboratories, Abbott Park, IL, USA).
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Comment
Dicloxacillin is strongly protein-bound in serum (95-98%) and only the free fraction 
is measured with the bioassay method. When the method is used for determination of 

-
tions, the results are unavoidably inexact. However, since the free, non-protein-bound 
fraction is the active one and the one measured in this assay, the total concentration is 
less important. The concentration of dicloxacillin was determined in the serum and in 

antibiotics correlate well with the tissue levels (67). The determinations of the gentamicin 
concentration should be less sensitive to protein concentrations since gentamicin is not 
highly protein-bound. 

Microbiological analyses

Bacterial samples (II-IV)

The samples were aerobically and anaerobically cultured for at least 2 days on blood agar 

6% v/v), with prolonged (> 5 days) incubation anaerobically, as well as in enrichment broth 

w/v, J.T. Baker, Deventer, Holland) for 7 days. In infected patients handled at referring 
hospitals, cultures were collected on clinical indications only and the isolates were not 
regularly stored for further analysis. 

isolates. Susceptibility testing was performed on the staphylococcal isolates by theby the 
E test (AB Biodisk, Solna, Sweden) and by the disc diffusion method (Oxoid, Hampshire, 
England) and the break points were all according to the recommendations of the Swedishand the break points were all according to the recommendations of the Swedish 
Reference Group for Antibiotics (www.srga.org). A MIC value of 1 mg/L for methicillin, 

1 mg/L for gentamicin/netilmicin and 4 mg/L for vancomycin was considered 
susceptible.

Comment:

further analyses.

Statistical methods (I-V)

Sample size
The sample size in the LOGIP trial was chosen so as to detect an approximate 50% reduc-
tion in the incidence of any SWI, and the incidence in the control group was assumed to 
be at least 4%. It was calculated that 1018 patients in each group would provide a power 
of 80% for distinguishing between infection rates of 4% and 1.9% in the two groups (two-
sided type I error of 5%). To have 1000 patients in each group was therefore considered 
appropriate, since the incidence of 4% in the control group was assumed to be somewhat 
underestimated.

Materials and Methods
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Risk factor analysis (III)

analysis. 
A “P for trend” for each of the categorised variables (age, BMI and operation time) in the 
multivariable model was also obtained by entering them instead as continuous variables. 
To test the robustness of the multivariable model a second, forward stepwise multivariable 

performed. 

General statistical methods

intervals and two-sided P values were calculated with Pearson’s Chi-square test or, if 
expected frequencies fell below 5, Fischer’s exact test. For continuous variables the Mann-

statistical analyses, Statistica® 7 (StatSoft Inc, Tulsa, OK, USA), SPSS® 13.0 (SPSS Inc, 
Chicago, IL, USA) software and Microsoft® Excel were used.

Materials and Methods
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Results and discussion

Antibiotic concentration determinations

Dicloxacillin concentrations (I)

Table 8.

Time
No. of 

samples
Median Min Max

Blood Sternal closure 97 59.4 9.5 215

Wound Sternal closure 92 55.4 2 295

4-9 h* 78 13.5 2.2 119

11-16 h* 73 6.7 0.5 129

17-22 h* 50 12.4 0.5 50.7

*Time after sternal closure

The median levels were well above the MIC breakpoint for staphylococci (1.0 mg/L) in 

in concentrations. Little or no correlation was found between serum concentrations at the 

(Fig. 5). The highest serum concentrations of dicloxacillin ( > 100 mg/L) were all seen 
in patients above 60 years of age, but the correlation between age and concentration was 
poor (r = 0.14). 

as well as after 17-22 h the patient with the lowest concentration had a value of only 0.5 
mg/L. 

Comment
From these results the possibility cannot be excluded that there are suboptimal concentra-
tions of dicloxacillin in the wound postoperatively in some patients. If this is so, whether 

been recommended that further iv antibiotics should be avoided when the surgical wound 
has been closed, and therefore the need for antibiotics in the wound at all postoperatively 
may be questioned (1).
Our results do not provide a rationale for recommending individual dosage of dicloxacillin 
related to age, weight or serum creatinine.
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Figure 5. Correlations between serum-dicloxacillin at sternal closure and weight, s-creatinine and age.
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Gentamicin concentrations (I)

The gentamicin concentrations in the serum in the 30 patients are shown in Figure 6. All 
patients had detectable levels of gentamicin in the serum. The nephrectomized patient 
showed different pharmacokinetics, which is shown as a separate line in Fig. 6. The wound 

(Fig. 6). 

Comment
Besides the synergistic effect on bacteria sensitive to intravenously administered antibiot-
ics, these high local gentamicin concentrations may be effective against agents that are 
often considered resistant to gentamicin as well as against those resistant to dicloxacillin, 
the clinically most important being CoNS. For reference iv gentamicin treatment aims at 
peak concentrations of about 4-12 mg/L.
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Figure 6.
application of two collagen sponges (2 x 130 mg gentamicin) between the sternal halves. The outlier 
in the upper graph represents one patient without kidneys (not the same outlier as in the lower graph).   
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LOGIP trial

Effect of local gentamicin on sternal wound infections (II, IV)

Primary end point (II)
The total incidence of SWI (primary end point) was 9.0% in the control group and 4.3% in 

antibiotics or needed surgical revision of the sternal wound during the follow-up. Local 
gentamicin prophylaxis entailed a risk reduction at all depths and this was statistically 

Table 9. Primary end point and general outcome

Outcome
Control
(n = 967)
no. (%)

Treatment
(n = 983)
no. (%)

RR (95% CI) P value

Primary end point
All SWIs 87 (9.0) 42 (4.3) 0.47 (0.33 to 0.68)

Treatment

Antibiotic treatment 174 (18.0) 114 (11.6) 0.64 (0.52 to 0.80)

Surgically treated SWI* 38 (3.9) 21 (2.1) 0.54 (0.32 to 0.92) 0.021

Probable SWI 32 (3.3) 15 (1.5) 0.46 (0.25 to 0.84) 0.010

55 (5.7) 27 (2.7) 0.48 (0.31 to 0.76) 0.001

55 (5.7) 19 (1.9) 0.34 (0.20 to 0.57)

Depth 1 14 (1.4) 8 (0.8) 0.56 (0.24 to 1.33)

Depth 2 41 (4.2) 11 (1.1) 0.26 (0.14 to 0.41)

All deep SWIs 32 (3.3) 23 (2.3) 0.71 (0.42 to 1.20) 0.20

Depth 3 17 (1.8) 10 (1.0) 0.58 (0.27 to 1.26)

Depth 4 15 (1.6) 13 (1.3) 0.85 (0.41 to 1.78)

General outcome

Hospital mortality 10 (1.0) 11 (1.1) 1.08 (0.46 to 2.54) 0.85

Total 60-day mortality 17 (1.8) 19 (1.9) 1.10 (0.57 to 2.10) 0.77

Early reoperation for bleeding 22 (2.3) 39 (4.0) 1.74 (1.04 to 2.91) 0.032

Postop haemodialysis† 10 (1.0) 10 (1.0) 0.98 (0.41 to 2.35) 0.97

Postop rise in serum creatinine, median, 
μmol/L

5.1 7.8 0.28

Mechanical ventilation for more than 48 h 25 (2.6) 31 (3.2) 1.22 (0.73 to 2.05) 0.45

*Any surgical revision of the wound 
†Patients on haemodialysis preoperatively not included 
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Table 10. Incidence of sternal wound infections (SWI) in risk groups with diabetes mellitus or 
increased BMI

Risk factor(s)
Number

(% of study
population)

Depth of
infection

SWI/total in group (%)
Control        Treatment

RR (95% CI) P value

Diabetes* 354 (18.2) 13/174 (7.47) 3/180 (1.67) 0.22 (0.06 to 0.78) 0.0086

Deep 17/174 (9.77) 7/180 (3.89) 0.40 (0.17 to 0.94) 0.028

BMI>25† 1299 (66.6) 42/651 (6.45) 14/648 (2.16) 0.33 (0.18 to 0.61)

Deep 29/651 (4.45) 16/648 (2.47) 0.55 (0.30 to 1.01) 0.050

Diabetes and/or 
BMI>25

1385 (71.0) 46/687 (6.70) 14/698 (2.01) 0.43 (0.24 to 0.78)

Deep 30/687 (4.37) 17/698 (2.44) 0.56 (0.31 to 1.00) 0.047

*Treated with insulin or oral medication 

2), SWI = sternal wound infection

Microbiological agents and clinical presentation (IV)
Of the total 129 SWIs, only 24 (19%) (17 in the control group and 7 in the treatment group 
(P = 0.036)) were diagnosed before discharge from the cardiothoracic centre. 

and the effect of the prophylaxis are shown in Table 11 and Figure 7. Local gentamicin 
reduced the incidence of SWIs caused by all major clinically important bacterial species 
except P. acnes.

Table 11. The causative agents of the sternal wound infections and their relative frequency in 
each group. P values refer to difference in n (%) between treatment and control groups.

Treatment (n = 983) Control (n = 967)

P valueBacterial agent

n (%)

% of 
infections in 
the treatment 

group n (%)

% of 
infections in 
the control 

group

S. aureus 7 (0.71) 16.7% 21 (2.17) 24.1% 0.007

CoNS 14 (1.42) 33.3% 35 (3.62) 40.2% 0.002

Gram-negative bacteria 1 (0.10) 2.4% 4 (0.41) 4.6% 0.21

P. acnes 7 (0.71) 16.7% 6 (0.62) 6.9% 0.80

Other, or multiple species 2 (0.20) 4.8% 6 (0.62) 6.9% 0.15

Negative or missing 11 (1.12) 26.2% 15 (1.55) 17.2% 0.40

Total 42 (4.27) 100.0% 87 (9.00) 100.0%

Treatment
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from the wound and a trend towards a lower frequency of fever in the treatment group. 
However, there was no reduction in the occurrence of sternal instability (Fig 7).

RR (95% CI)

0 1 2 3
Symptoms

Sternal instability

Pus or secretion

Redness

Fever > 38°C

S. aureus

CoNS

Gram-negative bacteria

P. acnes

Other or multiple

Negative or missing

Bacterial agents

Figure 7. The effect of the local gentamicin prophylaxis on different symptoms of SWI and on 
-

vals (CI).

Comment
A “per protocol” analysis was also made, excluding from the analysis patients who were 
reoperated on for bleeding (n=61), or reoperated on for other reasons (n=7), or who died 
within two months (n=36) (leaving 1850 patients, 927 and 923 in the control and treat-

and treatment groups, respectively. 
Although the study was not powered to detect differences in subgroups, the reduction in 

. The trend 

the incidence of infections that required surgical treatment is important.
Infections caused by P. acnes were the only ones which showed no absolute reduction in 
the treatment group. The possible association between P. acnes and sternal instability is 
further discussed later.
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General outcome (II)

for dialysis between the groups (Table 9). The total 60-day mortality of the 129 patients 
with SWI was 1.5% (two patients with deep SWI, both in the treatment group).

2.3%). 

Adverse reactions

Comment
The increased incidence of reoperation for bleeding in the treatment group remains unex-
plained. The medical records from the reoperation in the patients of the treatment group 
provided no obvious explanation, nor was any obvious, repeatedly observed or unusual 
source of the bleeding reported. Data retrieved from the clinical databases of the centres 
showed that 3.5% of the 792 patients not included in the study had had reoperations for 
bleeding. The incidence of reoperation for bleeding in the treatment group, 4%, was thus 
close to that seen among the patients not included in the study and in our routine practice. 
Furthermore, the difference in the incidence of reoperation for bleeding was only found 

the exceptionally low incidence of reoperation for bleeding of only 1.4 % in the control 
group. 

Risk factors for sternal wound infection (III)

Assignment to the control group, high BMI, DM, younger age, single or double IMA, 
LVEF below 35% and longer operation time were all independent risk factors for SWI in 
the multivariable analysis (Table 12). Longer operation time did not quite reach statistical 

In the univariable model emergency operation, steroid treatment, sex, and days of preop-

to 0.95) (not entered in the multivariable model).

There was a trend towards a larger relative risk reduction with the treatment in patients 
-

actions between treatment group and any of these risk factors (P values for the statistical 
interactions treatment group*DM and for treatment group*BMI-class = 0.16 and 0.33, 
respectively). 
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Table 12. Multivariable logistic regression analysis of risk factors for SWI.

OR 95% CI P
Age, years 0.008 (0.004*)

1.55 0.68 to 3.55

50-59 2.09 1.30 to 3.37

60-69 1.09 0.68 to 1.76

70-79 ref

>= 80 0.54 0.19 to 1.57

Diabetes, insulin/drug treated 1.72 1.13 to 2.62 0.011

COPD 1.70 0.88 to 3.30 0.11

2.04 1.09 to 3.82 0.025

Unilateral IMA 1.83 1.12 to 2.99 0.016

Bilateral IMA 5.15 1.44 to 18.45 0.012

BMI

ref

25-30 1.25 0.77 to 2.02

>30 2.61 1.56 to 4.36

Immunosuppression 2.02 0.55 to 7.41 0.29

Reoperation for bleeding 1.41 0.52 to 3.79 0.50

Operation time, hours 0.067 (0.016*)

2 hours or less 0.36 0.08 to 1.55

2 to 3 hours 0.65 0.41 to 1.01

3 to 4 hours ref

4 to 5 hours 0.76 0.43 to 1.33

more than 5 hours 1.55 0.79 to 3.04

Treatment group 0.44 0.30 to 0.65

*P values within parentheses represent P for trend, i.e. the value achieved when the factor was entered as a 
continuous variable (not categorised) in the multivariable analysis.  

Comment
The independent risk factors for SWI found in our study have been reported by others 
previously (6, 103-105). In contrast to most studies, however, early reoperation for bleed-

incidence of infections in older patients is also surprising. Use of one and of bilateral 

skeletonising when harvesting the IMA. It has been proposed that this technique may 
reduce the risk of postoperative SWI although, at present, there are no randomised con-
trolled studies to prove this (106).
The trend towards a larger relative risk reduction in patients with DM or elevated BMI was 
noteworthy. There is no obvious biological explanation, however, why the prophylaxis should 
have less effect in slim non-diabetics, although the SWI rate is generally low in this group.
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of patients in each risk group (% of study population).

Cost of a sternal wound infection (III)

A few of the SWIs accounted for a substantial part of the total cost (Fig. 9). The mean 

Comment

(Table 1). Figure 9 highlights the large impact of a few very expensive infections. This is 

SWI (belonging to the treatment group) could in itself explain the entire difference in 
mean costs between the groups.

Cost effectiveness of local gentamicin prophylaxis (III)

The cost effectiveness analysis showed that the addition of local collagen-gentamicin to 
intravenous antibiotic prophylaxis was dominant, i.e. resulted in both lower costs and 
fewer infections, in all groups of patients (Table 13). 
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Figure 9. Total cost in euro of the treatment of each of the 129 SWIs

Table 13. Cost effectiveness in different risk groups.  

Group n
No. of 
SWIs

Cost per 
patient,
euro*

Cost-
differ-
ence, 
euro

Absolute 
risk 

reduc-
tion

Cost per 
avoided 
SWI†

Max. cost of 
prophylaxis 

for which there 
is a positive 
net balance, 

euro

All patients Control 967 87 1 117
-65 0.047 Dominant 316

Treatment 983 42 1 052

Diabetes Control 174 30 3 373
-1190 0.117 Dominant 1441

Treatment 180 10 2 183

BMI>25 Control 651 71 1 506
-249 0.063 Dominant 500

Treatment 648 30 1 257

BMI>25 
and/or 
diabetes

Control 687 76 1 516
-284 0.066 Dominant 535Treatment 700 31 1 232

*Total cost of all the infections and of the prophylaxis in each group divided by the number of 
patients in each group 

the absolute risk reduction (mathematically identical to multiply by the numbers needed to treat). 
“Dominant” means there is no cost (= negative cost).
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Figure 10. Net cost per operated patient in euro at different costs of the prophylaxis and the 

When the mean cost of all SWIs in both groups was applied instead in the calculations, 
thus assuming the cost of one SWI to be equal in the treatment and control groups, there 
was an even larger positive net balance up to a theoretical maximum cost of the prophy-

the actual costs of the SWIs from Table 13. As shown, the inclusion of reoperations for 

Comment
Although the margin was small, there was a cost save even for the “worst case” cost 
calculations, i.e. when the prophylaxis was applied to all patients and assuming both a 
higher mean cost for the SWIs and an increased rate of reoperations for bleeding in the 
treatment group to be true (Fig. 10). The trend towards a larger relative risk reduction in 
patients with one of the major risk factors overweight (BMI > 25kg/m2) or DM has been 
mentioned in the risk factor section. Furthermore, the cost analysis showed that the mean 
cost of the infections was larger in these risk groups. It may therefore be more cost effec-
tive to restrict the prophylaxis to patients with either or both of these two risk factors. 
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Clinical presentation in relation to microbiological agent (IV)

Cost related to microbiological agent
Sternal wound infections caused by Gram-negative bacteria were associated with the 

late) infections in this group (Fig. 11). In some patients with SWI caused by S. aureus,
the infections were costly, but in another, larger patient group with S. aureus, the infec-
tions were less serious and mostly late-onset. Cases caused by CoNS exhibited a similar 
heterogeneity, with a small proportion of very costly and severe SWIs. In fact, two out of 

S. aureus
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Figure 11. Cost of the treatment of each of the sternal wound infections. CoNS = coagulase-
negative staphylococci.

Symptoms
Secretion from the wound was the most common symptom of SWI and was present in 
84.5% of all cases and in 92% of all staphylococcal infections. Infections caused by S. 
aureus and Gram-negative bacteria were characterised by high p-CRP levels (median 
275mg/L and 200 mg/L, respectively) and a high proportion of patients with fever (32% 
and 40% respectively). However, patients with SWIs caused by S. aureus had the lowest 
reported frequency of sternal instability (3.6%), while patients with infections caused 
by Gram-negative bacteria and P. acnes had the highest frequencies (40% and 38.5%, 
respectively). Patients with P. acnes, in contrast, showed comparatively low CRP levels 
(median 108 mg/L), despite early presentation of these infections. Details of the symptoms 
and characteristics of the SWIs are given in Table II in paper IV.
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Time to presentation

the 129 cases (in 79% and 86% of the treatment and control groups, respectively). The 
interval between surgery and onset of symptoms of SWI was shortest for infections caused 

-
tions caused by S. aureus
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Figure 12.
relation to the depth of the infection. CoNS = coagulase-negative staphylococci.

Comment
Differences in clinical characteristics of the SWI depending on the causative microbial 
agent have been recognised by others (18, 19). In the current study SWIs caused by 
Gram-negative bacteria were clinically severe and characterised by early-onset, high CRP 
levels, a high proportion of cases with an unstable sternum, and the highest mean cost for 
their treatment. By contrast, staphylococcal infections usually presented later with local 
symptoms, with secretion from the wound as their predominant manifestation. Somewhat 
surprisingly, in our study S. aureus infections had a later onset of symptoms than did 
infections caused by CoNS, despite the fact that S. aureus is generally considered to be a 
more virulent agent. However, S. aureus infections constituted a heterogenic group, with 
a smaller proportion of early, more severe infections and a larger proportion of late, super-

in the general clinical severity of the SWIs, measured as the cost of their treatment.
A high proportion of cases of sternal dehiscence and an early onset despite low CRP levels 
characterised the SWIs caused by P. acnes in our study. Thus the possibility of primary 
mechanical sternal instability with secondary contamination with P. acnes should be 
considered, although clinical signs of wound infection were frequently present. Both 
CoNS and P. acnes

Results and discussion



48

P. acnes

SWI. This low incidence of pure mechanical sternal instability was another fact motivat-

incidence of DSWI and on the effect of the prophylaxis (paper V).

Antibiotic susceptibility (IV)

Antibiotic susceptibility data were available for gentamicin in 47 (61%) out of 77 cases of 

cases (81%). All tested S. aureus isolates were susceptible to both gentamicin and methi-

-
ment and control groups, respectively) (Fig. 13). There was a parallel difference in both 
methicillin-susceptible CoNS and MRSE, with seven MRSE infections in the treatment 
group and 16 in the control group (P = 0.05). Determination of MIC values for gentamicin 
by the E test  was performed for CoNS isolated from 12 patients who were reoperated on 

level gentamicin-resistance (HLGR), i.e. with a MIC value >256 mg/L, was found. All 
staphylococci that were tested against vancomycin (48 out of 77) were susceptible. 

Figure 13. Patterns of antibiotic susceptibility to gentamicin (left) and methicillin (right) in the 
treatment and control groups among the staphylococci isolated from the sternal wound infections  

Comment
There was a parallel reduction in SWI caused by methicillin-susceptible and methicil-
lin-resistant CoNS strains. A similar reduction in MRSA infections would be of clinical 
importance, especially since the results from studies on routine iv vancomycin prophy-
laxis in cardiac surgery have been disappointing (94). However, there were no cases 
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the incidence of SWI caused by gentamicin-resistant CoNS. But it is too early to draw 
any conclusions on this issue on the basis of these results in view of the small number 
of cases, and this issue needs further exploration and surveillance in the future.

There was an approximately 90% relative reduction in the incidence of DSWI in the XW 

was no difference in SSWI (Table 14). The reduction in DSWI associated with extra-rigid 

Table 14.
(SWIs) in the ST group (with six or fewer sternal wires) and XW group (with seven or more ster-
nal wires) at centre A.

XW better

DSWI = deep sternal wound infection; SSWI = superficial sternal wound infection. 
CI = confidence interval.

puorgWX
(n = 264) 

n (%) 

ST group 
(n = 741)

n (%) 

Relative risk 
 (95% CI) 

P value 

All SWIs 13 (4.9) 59 (8.0) 0.13

SSWI 12 (4.5) 28 (3.8) 0.58

Depth 1 (skin) 3 (1.1) 10 (1.3) 1.00

Depth 2 (subcutis) 9 (3.4) 18 (2.4) 0.40

DSWI 1 (0.4) 31 (4.2) 0.002

Depth 3 (sternum) 1 (0.4) 13 (1.7) 0.13

Depth 4 (mediastinum) 0 (0.0) 18 (2.4) 0.006

0 1 2ST better 

Comment

reduction in DSWIs compared with the standard technique (ST group) with six or fewer 
wires. This supports the postulation that a meticulous surgical technique at sternal clo-
sure, with additional sutures for reinforcement of the caudal sternum, reduces the rate of 
DSWIs (53-55). 
Since the difference in the incidence of reoperations for bleeding was only observed 

incidence rates of reoperation in the ST group were compared with those in the rest of 

The incidence of reoperation among the patients in the ST group was 0.8% in the control 

respectively (unpublished). Since the sternal wires were counted after the reoperation 
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When the ST group was omitted from the patient population the total incidence of SWI was 
2.8% in the treatment group and 9.0% in the control group (RR = 0.31 [95% CI = 0.18 to 0.53], 

The incidences of SSWI in the treatment and control groups were 1.8% and 5.9% 

and 3.1% (RR = 0.32 [95% CI = 0.13 to 0.80], P = 0.01), respectively. 

The incidence of SWI among the 741 patients in the excluded ST-group was also ana-

the control group with rates of 2.2% and 5.3%, respectively (RR = 0.40 [95% CI = 0.18 to 

4.6%, control group 3.7%) (RR = 1.24 [95% CI = 0.62 to 2.47], P = 0.55) in the treatment 
and control groups, respectively. 
The XW group was too small (125 and 139 patients in the control and treatment groups, 
respectively) to allow for any meaningful analyses of the effect of the prophylaxis on 
DSWI within that group. There was one DSWI (0.8%, 95% CI = 0 to 2.4%) in the control 
group and no DSWI in the treatment group.

RR (95% CI)
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Figure 14. The effect of local gentamicin as prophylaxis on the incidence of sternal wound 
-

Comment:
Local collagen-gentamicin as prophylaxis was associated with an approximately 70% rela-
tive reduction in the incidence of all depths of SWIs when the ST group was excluded from 

hoc analyses like this, commented on in the methods section, should be kept in mind. 

Results and discussion
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General discussion

Prophylactic effect of local gentamicin

Local application of collagen-gentamicin as prophylaxis was associated with a statistically 

sternotomy in an unselected population of cardiac surgery patients when evaluated in an 

kg/m2 and/or DM), in the incidence of surgically revised SWI, and in antibiotic treatment. 
Assignment to the control group was found to be an independent risk factor for SWI in the 

approximately 70% reduction in both SSWI and DSWI.

treatment were noted. 

The late manifestation of most SWIs and the 9% total incidence in the control group 

(3, 10, 107). A follow-up with recording of all SWIs up to discharge from the cardiotho-

providing a skewed picture, with an overrepresentation of Gram-negative infections. 
-

tion in SWIs caused by CoNS, the dominating agent, is paramount. One aim of applying local 

to vancomycin as prophylaxis for SWIs caused by MRSE and MRSA. The analyses of anti-
biotic resistance showed that local application of gentamicin resulted in a parallel reduction 
in SWI caused by methicillin-susceptible and methicillin-resistant CoNS strains. There were 

including SWI, are a well recognised and growing concern internationally.  Although the 
possibility of aminoglycoside resistance among MRSA strains must be considered, recent 
reports from Europe and the USA indicate that many MRSA strains may be susceptible to 
gentamicin (108, 109). This technique therefore deserves to be evaluated as an alternative to 
prophylactic vancomycin in environments with a high prevalence of MRSA.

Prophylaxis and antibiotic concentrations 

The routine iv dicloxacillin prophylaxis resulted in levels of dicloxacillin in the blood 

methicillin susceptible staphylococci, although it cannot be excluded that mediastinal con-
centrations just below the MIC for staphylococci may have occurred in individual patients 

a total amount of 260 mg of gentamicin between the sternal halves before sternal closure 

8-12 postoperative hours, but low serum levels. Not only did this lead to a reduction of 
SWIs caused by agents resistant to the iv prophylaxis (methicillin) but interestingly, the 
reduction was at least as important in SWIs caused by staphylococci susceptible to the 
administered iv prophylaxis. 
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the cardiac surgical wound has not, to the author’s knowledge, been studied previously. 
Obviously the presence of antibiotics in the wound postoperatively, and not only intraop-
eratively, did have a preventive effect on postoperative SWI in the LOGIP trial. However, 
the fact that it has not been possible to show any additional effect of prolonged iv prophy-
laxis (> 48 h) or any effect of adding iv gentamicin to routine iv cephalosporin indicates 
that it was the technique of local application of an antibiotic in the wound, rather than 
prolongation of the prophylaxis, that was the crucial factor (73, 79, 85, 86). Whether the 
mechanism was the extremely high early antibiotic concentrations, a synergism between 
gentamicin and cloxacillin, or possible late residual presence of gentamicin in the subcu-
taneous tissue or sternal bone is unknown.

Exclusion of all iv prophylaxis and relying on local antibiotic application alone would seem 
unwise in the light of the available documentation on the importance of adequate systemic 
antibiotic concentrations at skin incision (74). A combination of a short iv prophylaxis, 
that achieves high systemic antibiotic concentrations at skin incision and only as long as 
the surgical wound is open, followed by local application of an antibiotic in the wound, 
resulting in high local concentrations postoperatively, might be the most effective and 
ecologically attractive antibiotic prophylaxis.

Cost effectiveness

The prophylaxis technique was dominant in the cost effectiveness calculations, despite the 
fact that the mean cost of the treatment of an SWI was higher in the treatment group in the 
study, and despite the present cost of the prophylaxis. Cost calculations necessarily include 
some assumptions. The cost model used, however, deliberately underestimated the costs 
in many cases. Even so, there was a net save even in the “worst case” calculations. 
From an ethical point of view, it can be regarded as questionable not to apply a dominant 

of our results routine use of the prophylaxis in all adult cardiac surgery patients could be 
recommended, although restriction to patients with DM and/or BMI>25kg/m2 might be 

risk groups.

Issues of consideration

DSWI in risk patients, although the study was not powered to detect differences in 
subgroups. Nevertheless, there was a trend towards less reduction in the incidence oftrend towards less reduction in the incidence of 
DSWI than in that of SSWI, although the collagen-gentamicin sponges were placedthe collagen-gentamicin sponges were placed 
between the sternal halves. We hypothesized that this is where it is most important to 
achieve high antibiotic concentrations in order to prevent osteomyelitis. 
The incidence of non-infected sternal dehiscence (one case compared with 55 cases 
of DSWI) was lower than is commonly reported (16). There was a striking reduction 
of DSWI in patients who had had the distal sternum reinforced with at least one extra 

General discussion
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literature (55). These results all suggest that in a substantial proportion of cases the mecha-

primary bacterial infection. 
-

nent, and the application of collagen sponges between the sternal halves may require particular 

The association between CoNS and sternal instability has been well documented (16, 19, 
110). Furthermore, of 13 SWIs caused by P. acnes in the trial, 12 occurred at centre A and 
of these 11 were in the ST group and only one in the XW group (unpublished). Both CoNS 
and P. acnes

play an important role in the pathogenesis of these infections. It is also conceivable that in 
earlier reports, P. acnes

The increase in reoperation for bleeding

low incidence of reoperation for bleeding of only 1.4 % in the control group. 
According to the Swedish Cardiac Surgery Registry the incidence of reoperation for 
bleeding in all cardiac surgery operations in Sweden in 2004 was 4% (111). From this 
perspective, the incidence in the treatment group (4.0%) was not at all abnormal.

Future perspectives 

Details of the technique
We used two collagen sponges corresponding to a total dose of 260 mg gentamicin (400 
mg gentamicin sulphate). The optimal dose of local gentamicin is not known. Nor have 
the optimal release time and the optimal type of gentamicin compound been studied. 
Although the high bactericidal effect of gentamicin and the synergism with iv antibiotics 
may be important explanations for the marked reduction in SWI (99, 100), local applica-
tion of alternative antibiotics could be evaluated as an option in environments with a high 
prevalence of gentamicin-resistant microbiological agents.
The application of collagen sponges between the sternal halves may, as mentioned, require 

this aspect when extrapolating the results of this trial to other types of collagen or other 
drug carriers with differing mechanical properties seems reasonable. In this respect the 
ideal carrier would probably be thin, easily compressible and rapidly absorbed.

Antibiotic resistance
The one most important issue that requires monitoring in the future concerns the possible 
development of gentamicin resistance. The reported incidence of gentamicin resistance 

(112-114). High incidence rates of aminoglycoside resistance have been reported especially 

General discussion
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among CoNS and among hospital strains of MRSA (113). Plasmid-mediated HLGR among 
Gram-negative bacteria has also been reported (115). On the other hand, emergence of 
gentamicin-susceptible MRSA was reported from France during the 1990s (116), and a 
high rate of gentamicin susceptibility among community-acquired MRSA was recently 
reported from the United States (109).

Widespread use of gentamicin, or of any other antibiotic, will inevitably increase the risk 
for selection of resistant hospital strains over time. On the other hand, compared with iv 
treatment the short, single and very high peak in local gentamicin concentration does not 
favour selection of resistant strains. Furthermore, local gentamicin could lead to a reduc-

according to the break point 4 mg/L, since very high tissue concentrations are achieved 
by local application and since no CoNS with HLGR was found in this study among isolates 
obtained during reoperation. 
It is emphasised that local prophylactic application of an antibiotic in a sternal wound 
before wound closure implies “internal” antibiotic treatment. Thus, the results of this work 
should not in any respect be interpreted as support for the use of topical treatment of open 
wounds or skin lesions with gentamicin or other antibiotics in general.

The reduction in the incidence of SWI achieved with the added prophylaxis decreases in 
itself the use of antibiotics for treatment of SWI and most importantly, local gentamicin 
provides the potential advantage of reducing the total exposure of the environment to 
vancomycin. Reduced susceptibility to glycopeptides among MRSA has recently been 
reported (89, 90), underscoring this need for alternatives to vancomycin as prophylaxis.

Applications outside cardiac surgery

kinds of surgical patients is indisputable. Major efforts and new methods to reduce the 
incidence are called for and may prove cost effective. Although the results of the present 
studies cannot be directly extrapolated to other than cardiac surgery patients, the addition 
of local collagen-gentamicin prophylaxis offers an alternative to iv prophylaxis alone, and 

in environments with a high prevalence of methicillin-resistant staphylococci.

General discussion
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Conclusions

Routine prophylaxis with dicloxacillin, 1 g, administered iv immediately before surgery 
and repeated after 2 hours of operation resulted in adequate levels of dicloxacillin in the 

Local application of collagen-gentamicin resulted in exceptionally high gentamicin levels 

Local collagen-gentamicin given in addition to routine iv prophylaxis resulted in 

o 
sternotomy in an unselected cardiac surgery patient population

o 
infections and, in risk groups (BMI > 25 kg/m2 and/or DM), in deep infections

o a reduced incidence of SWIs caused by all major, clinically important microbiological 
agents except P. acnes

o parallel reductions in SWIs caused by methicillin-susceptible and methicillin-resistant 
CoNS strains  

resulted in an approximately 70 % reduction in all depths of infection 

The application of collagen sponges between the sternal halves may require particular 

The technique deserves to be evaluated as an alternative to prophylactic vancomycin in 
environments with a high prevalence of MRSA

SWI after cardiac surgery and for the incidence of different microbiological agents can only 
be obtained by an active follow-up of all patients for at least two months postoperatively 

SWIs caused by Gram-negative bacteria were generally clinically severe and characterised 
by an early onset, whereas staphylococcal infections usually presented later with local 
symptoms

Assignment to the control group, high BMI, DM, younger age, single or double IMA, 
LVEF lower than 35% and longer operation time were independent risk factors for SWI 
in the multivariable analysis

A cost effectiveness analysis showed that the application of local collagen-gentamicin as 
prophylaxis was dominant, i.e. resulted in both lower costs and fewer infections

Use of local collagen-gentamicin as prophylaxis can be recommended for all adult cardiac 
surgery patients, although restriction to patients with diabetes and/or BMI > 25 kg/m2

might be more cost effective
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Harrison Ford, as Indiana Jones

in Indiana Jones and the Temple of Doom (1984)



59

References
1. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR. Guideline for prevention of 

surgical site infection, 1999. Hospital Infection Control Practices Advisory Committee. 

2. Noskin GA, Rubin RJ, Schentag JJ, Kluytmans J, Hedblom EC, Smulders M, Lapetina E, 
Gemmen E. The burden of Staphylococcus aureus infections on hospitals in the United 
States: an analysis of the 2000 and 2001 Nationwide Inpatient Sample Database. Arch 

3. Jonkers D, Elenbaas T, Terporten P, Nieman F, Stobberingh E. Prevalence of 90-days 
postoperative wound infections after cardiac surgery. Eur J Cardiothorac Surg 

4. Wilson AP, Weavill C, Burridge J, Kelsey MC. The use of the wound scoring method 

5. Sharma M, Berriel-Cass D, Baran J, Jr. Sternal surgical-site infection following coronary 
artery bypass graft: prevalence, microbiology, and complications during a 42-month 

6. Stahle E, Tammelin A, Bergstrom R, Hambreus A, Nystrom SO, Hansson HE. Sternal 
wound complications--incidence, microbiology and risk factors. Eur J Cardiothorac Surg 

-
nal wound complications: incidence, risk factors and mortality. Eur J Cardiothorac Surg 

8. The Parisian Mediastinitis Study Group. Risk factors for deep sternal wound infection 
after sternotomy: a prospective, multicenter study [see comments]. J Thorac Cardiovasc 

9. Losanoff JE, Richman BW, Jones JW. Disruption and infection of median sternotomy: a 

10. Wilson AP, Treasure T, Sturridge MF, Gruneberg RN. A scoring method (ASEPSIS) for 
postoperative wound infections for use in clinical trials of antibiotic prophylaxis. Lancet 

11. Bellchambers J, Harris JM, Cullinan P, Gaya H, Pepper JR. A prospective study of wound 

12. Friedrich B, Klaue P, Worlock P, Slack R, Harvey L, Mawhinney R, Koury M, Ellis E, 
3rd. Mechanical stability and post-traumatic osteitis: an experimental evaluation of the 

14. Friberg B, Lindgren M, Karlsson C, Bergstrom A, Friberg S. Mobile zoned/exponential 
LAF screen: a new concept in ultra-clean air technology for additional operating room 



60

16. Tammelin A, Hambraeus A, Stahle E. Mediastinitis after cardiac surgery: improvement 
of bacteriological diagnosis by use of multiple tissue samples and strain typing. J Clin 

17. Tang GH, Maganti M, Weisel RD, Borger MA. Prevention and management of deep ster-

18. Tegnell A, Aren C, Öhman L. Coagulase-negative staphylococci and sternal infections 

19. Gårdlund B, Bitkover CY, Vaage J. Postoperative mediastinitis in cardiac surgery - micro-

20. Richet HM, McNeil MM, Davis BJ, Duncan E, Strickler J, Nunley D, Jarvis WR, Tablan 
OC. Aspergillus fumigatus sternal wound infections in patients undergoing open heart 

21. Rivas P, Gorgolas M, Gimena B, Sousa J, Fernandez-Guerrero ML. Sternal tuberculosis 

22. Achouh P, Aoun N, Hagege A, Fabiani JN. Mediastinitis due to Mycobacterium tubercu-

Fulminant mediastinitis due to Streptococcus pneumoniae following cardiac surgery: 

24. Czachor JS, Hawley HB. Anaerobic wound infection: Bacteroides mediastinitis after car-

25. Antunes PE, Bernardo JE, Eugenio L, de Oliveira JF, Antunes MJ. Mediastinitis after 

26. Ivert T, Lindblom D, Sahni J, Eldh J. Management of deep sternal wound infection after 

27. Loop FD, Lytle BW, Cosgrove DM, Mahfood S, McHenry MC, Goormastic M, Stewart 
RW, Golding LA, Taylor PC. J. Maxwell Chamberlain memorial paper. Sternal wound 
complications after isolated coronary artery bypass grafting: early and late mortality, 

28. Lu JC, Grayson AD, Jha P, Srinivasan AK, Fabri BM. Risk factors for sternal wound 
infection and mid-term survival following coronary artery bypass surgery. Eur J 

29. Sjogren J, Nilsson J, Gustafsson R, Malmsjo M, Ingemansson R. The Impact of Vacuum-
Assisted Closure on Long-Term Survival After Post-Sternotomy Mediastinitis. Ann 

30. Milano CA, Kesler K, Archibald N, Sexton DJ, Jones RH. Mediastinitis After Coronary Artery 

31. Toumpoulis IK, Anagnostopoulos CE, DeRose JJ, Jr, Swistel DG. The Impact of Deep 
Sternal Wound Infection on Long-term Survival After Coronary Artery Bypass Grafting. 

32. Braxton JH, Marrin CA, McGrath PD, Morton JR, Norotsky M, Charlesworth DC, Lahey 
SJ, Clough R, Ross CS, Olmstead EM, O’Connor GT. 10-year follow-up of patients with 

References



61

33. Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne contami-
nation of wounds in joint replacement operations: the relationship to sepsis rates. J Hosp 

34. Whyte W, Lidwell OM, Lowbury EJ, Blowers R. Suggested bacteriological standards for 

35. Verkkala K, Eklund A, Ojajarvi J, Tiittanen L, Hoborn J, Makela P. The conventionally 
ventilated operating theatre and air contamination control during cardiac surgery--bacte-
riological and particulate matter control garment options for low level contamination. Eur 

37. Socialstyrelsen. SoS rapport 1998:12. Att förebygga infektioner i vården II: The National 

38. Lidwell OM. Ultraviolet radiation and the control of airborne contamination in the operat-

39. Lynch W, Davey PG, Malek M, Byrne DJ, Napier A. Cost-effectiveness analysis of the 
use of chlorhexidine detergent in preoperative whole-body disinfection in wound infection 

40. Jakob HG, Borneff-Lipp M, Bach A, von Puckler S, Windeler J, Sonntag H, Hagl S. The 
endogenous pathway is a major route for deep sternal wound infection. Eur J Cardiothorac 

41. Kluytmans JA, Mouton JW, VandenBergh MF, Manders MJ, Maat AP, Wagenvoort JH, 
Michel MF, Verbrugh HA. Reduction of surgical-site infections in cardiothoracic surgery 
by elimination of nasal carriage of Staphylococcus aureus. Infect Control Hosp Epidemiol 

42. Kluytmans JA, Mouton JW, Ijzerman EP, Vandenbroucke-Grauls CM, Maat AW, 
Wagenvoort JH, Verbrugh HA. Nasal carriage of Staphylococcus aureus as a major risk 

43. VandenBergh MF, Kluytmans JA, van Hout BA, Maat AP, Seerden RJ, McDonnel J, 
Verbrugh HA. Cost-effectiveness of perioperative mupirocin nasal ointment in cardiotho-

44. Ko W, Lazenby WD, Zelano JA, Isom OW, Krieger KH. Effects of shaving methods and 
intraoperative irrigation on suppurative mediastinitis after bypass operations. Ann Thorac 

45. Gummert JF, Barten MJ, Hans C, Kluge M, Doll N, Walther T, Hentschel B, Schmitt DV, 
Mohr FW, Diegeler A. Mediastinitis and cardiac surgery--an updated risk factor analysis 

46. Nishida H, Grooters RK, Merkley DF, Thieman KC, Soltanzadeh H. Postoperative medi-
astinitis: a comparison of two electrocautery techniques on presternal soft tissues. J 

47. Nishida H, Grooters RK, Soltanzadeh H, Thieman KC, Schneider RF, Kim WP. 
Discriminate use of electrocautery on the median sternotomy incision. A 0.16% wound 

48. Chelemer SB, Prato BS, Cox PM, Jr., O’Connor GT, Morton JR. Association of bacterial 
infection and red blood cell transfusion after coronary artery bypass surgery. Ann Thorac 

References



62

49. Crabtree TD, Codd JE, Fraser VJ, Bailey MS, Olsen MA, Damiano RJ, Jr. Multivariate 

51. Worlock P, Slack R, Harvey L, Mawhinney R. The prevention of infection in open frac-

52. Bottio T, Rizzoli G, Vida V, Casarotto D, Gerosa G. Double crisscross sternal wiring 
and chest wound infections: a prospective randomized study. J Thorac Cardiovasc Surg 

53. Baskett RJ, MacDougall CE, Ross DB. Is mediastinitis a preventable complication? 

54. Dahlin L-G, Granfeldt H, Hultkvist H. A multimodal approach for reducing wound infec-

55. Dasika UK, Trumble DR, Magovern JA. Lower sternal reinforcement improves the stabil-

56. Heilmann C, Hussain M, Peters G, Gotz F. Evidence for autolysin-mediated primary 
attachment of Staphylococcus epidermidis to a polystyrene surface. Mol Microbiol 

57. Lev-Ran O, Mohr R, Pevni D, Nesher N, Weissman Y, Loberman D, Uretzky G. Bilateral 
internal thoracic artery grafting in diabetic patients: Short-term and long-term results of a 

58. Kohli M, Yuan L, Escobar M, David T, Gillis G, Comm B, Garcia M, Conly J. A risk 
index for sternal surgical wound infection after cardiovascular surgery. Infect Control 

59. Greif R, Akca O, Horn EP, Kurz A, Sessler DI. Supplemental perioperative oxygen to 
reduce the incidence of surgical- wound infection. Outcomes Research Group [see com-

60. Belda FJ, Aguilera L, Garcia de la Asuncion J, Alberti J, Vicente R, Ferrandiz L, 
Rodriguez R, Company R, Sessler DI, Aguilar G, Botello SG, Orti R. Supplemental peri-
operative oxygen and the risk of surgical wound infection: a randomized controlled trial. 

61. Mayzler O, Weksler N, Domchik S, Klein M, Mizrahi S, Gurman GM. Does supplemental 
perioperative oxygen administration reduce the incidence of wound infection in elective 

62. Pryor KO, Fahey TJ, 3rd, Lien CA, Goldstein PA. Surgical site infection and the routine 
use of perioperative hyperoxia in a general surgical population: a randomized controlled 

63. Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, Lindorff-Larsen K, 
Rasmussen MS, Lanng C, Wallin L, Iversen LH, Gramkow CS, Okholm M, Blemmer T, 
Svendsen PE, Rottensten HH, Thage B, Riis J, Jeppesen IS, Teilum D, Christensen AM, 

-

References



63

64. Furnary AP, Gao G, Grunkemeier GL, Wu Y, Zerr KJ, Bookin SO, Floten HS, Starr A. 
Continuous insulin infusion reduces mortality in patients with diabetes undergoing coro-

65. Furnary AP, Zerr KJ, Grunkemeier GL, Starr A. Continuous intravenous insulin infusion 
reduces the incidence of deep sternal wound infection in diabetic patients after cardiac 

66. van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, 
Vlasselaers D, Ferdinande P, Lauwers P, Bouillon R. Intensive insulin therapy in the criti-

67. Kullberg BJ, Mattie H, Huysmans HA, van Furth R. Evaluation of cloxacillin concentra-
tions in plasma and muscle tissue during cardiopulmonary bypass. Scand J Infect Dis 

68. Bergeron MG, Desaulniers D, Lessard C, Lemieux M, Despres JP, Metras J, Raymond 
G, Brochu G. Concentrations of fusidic acid, cloxacillin, and cefamandole in sera and 
atrial appendages of patients undergoing cardiac surgery. Antimicrob Agents Chemother 

69. Pieper R, Henze A, Josefsson K, Magni L, Nord CE. Penetration of penicillins into 
cardiac valves and auricles of patients undergoing open-heart surgery. Scand J Thorac 

70. Aberg B, Ransjo U. Serum levels of cloxacillin and benzylpenicillin in adults undergoing 

71. Frank U, Schmidt-Eisenlohr E, Schlosser V, Spillner G, Schindler M, Daschner FD. 

72. Farrington M, Fenn A, Phillips I. Flucloxacillin concentration in serum and wound exu-

73. Kreter B, Woods M. Antibiotic prophylaxis for cardiothoracic operations. Meta-analysis 

74. Classen DC, Evans RS, Pestotnik SL, Horn SD, Menlove RL, Burke JP. The timing of 
prophylactic administration of antibiotics and the risk of surgical-wound infection. N Engl 

75. Niederhauser U, Vogt M, Vogt P, Genoni M, Kunzli A, Turina MI. Cardiac surgery in a 
high-risk group of patients: is prolonged postoperative antibiotic prophylaxis effective? 

76. Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic prophylaxis 
after cardiovascular surgery and its effect on surgical site infections and antimicrobial 

77. Parry GW, Holden SR, Shabbo FP. Antibiotic prophylaxis for cardiac surgery: current 

78. Markewitz A, Schulte HD, Scheld HH. Current practice of peri- and postoperative antibi-
otic therapy in cardiac surgery in Germany. Working Group on Cardiothoracic Surgical 
Intensive Care Medicine of the German Society for Thoracic and Cardiovascular Surgery. 

79. Kriaras I, Michalopoulos A, Michalis A, Palatianos G, Economopoulos G, 
Anagnostopoulos C, Geroulanos S. Antibiotic prophylaxis in cardiac surgery. 

References



64

80. Sandoe JAT, Kumar B, Stoddart B, Milton R, Dave J, Nair UR, Wilcox MH. Effect of 
extended perioperative antibiotic prophylaxis on intravascular catheter colonization and 

82. Dellinger EP, Gross PA, Barrett TL, Krause PJ, Martone WJ, McGowan JE, Jr., Sweet RL, 
Wenzel RP. Quality standard for antimicrobial prophylaxis in surgical procedures. The 

83. Woods M, Tillman D. Antibiotic prophylaxis in cardiothoracic surgery 1990: results of a 

84. Bratzler DW, Houck PM, Richards C, Steele L, Dellinger EP, Fry DE, Wright C, Ma A, 
Carr K, Red L. Use of Antimicrobial Prophylaxis for Major Surgery: Baseline Results 

85. Hall JC, Christiansen K, Carter MJ, Edwards MG, Hodge AJ, Newman MA, Nicholls TT, 

86. Kaiser AB, Petracek MR, Lea JWt, Kernodle DS, Roach AC, Alford WC, Jr., Burrus 

and gentamicin as prophylactic agents in cardiac surgery. Results of a prospective, rand-

87. Mekontso-Dessap A, Kirsch M, Brun-Buisson C, Loisance D. Poststernotomy mediastini-
tis due to Staphylococcus aureus: comparison of methicillin-resistant and methicillin-sus-

88. Carrier M, Marchand R, Auger P, Hebert Y, Pellerin M, Perrault LP, Cartier R, Bouchard 
D, Poirier N, Page P. Methicillin-resistant Staphylococcus aureus infection in a cardiac 

89. Cartolano GL, Cheron M, Benabid D, Leneveu M, Boisivon A. Methicillin-resistant 
Staphylococcus aureus (MRSA) with reduced susceptibility to glycopeptides (GISA) in 63 

90. El Solh N, Davi M, Morvan A, Damon HA, Marty N, the other members of the GISA 
group Rs. Characteristics of French methicillin-resistant Staphylococcus aureus isolates 
with decreased susceptibility or resistance to glycopeptides. J. Antimicrob. Chemother. 

91. Hiramatsu K, Hanaki H, Ino T, Yabuta K, Oguri T, Tenover FC. Methicillin-resistant 
Staphylococcus aureus clinical strain with reduced vancomycin susceptibility. 

92. Chang S, Sievert DM, Hageman JC, Boulton ML, Tenover FC, Downes FP, Shah S, 
Rudrik JT, Pupp GR, Brown WJ, Cardo D, Fridkin SK. Infection with vancomycin-
resistant Staphylococcus aureus containing the vanA resistance gene. N Engl J Med 

93. Chambers HF. Methicillin resistance in staphylococci: molecular and biochemical basis 

94. Bolon MK, Morlote M, Weber SG, Koplan B, Carmeli Y, Wright SB. Glycopeptides Are 
No More Effective than Beta-Lactam Agents for Prevention of Surgical Site Infection 

95. Finkelstein R, Rabino G, Mashiah T, Bar-El Y, Adler Z, Kertzman V, Cohen O, Milo 
S. Vancomycin versus cefazolin prophylaxis for cardiac surgery in the setting of a high 

References



65

prevalence of methicillin-resistant staphylococcal infections. J Thorac Cardiovasc Surg 

96. Leyh RG, Bartels C, Sievers HH. Adjuvant treatment of deep sternal wound infection with 

97. Rutten HJ, Nijhuis PH. Prevention of wound infection in elective colorectal surgery 
by local application of a gentamicin-containing collagen sponge. Eur J Surg Suppl 

98. Karlowsky JA, Jones ME, Draghi DC, Thornsberry C, Sahm DF, Volturo GA. Prevalence 
and antimicrobial susceptibilities of bacteria isolated from blood cultures of hospitalized 

99. Coker AO. A study of synergism between cloxacillin and gentamicin on resist-
ant staphylococci (penicillinase producing and gentamicin resistant). East Afr Med J 

100. Tsuji BT, Rybak MJ. Short-course gentamicin in combination with daptomycin or vanco-
mycin against Staphylococcus aureus in an in vitro pharmacodynamic model with simu-

101. Vander Salm TJ, Okike ON, Pasque MK, Pezzella AT, Lew R, Traina V, Mathieu R. 
Reduction of sternal infection by application of topical vancomycin. J Thorac Cardiovasc 

102. Swedish Central Bank. Yearly average 2003, from the Riksbank’s calculations of the 
monthly and annual averages of the Stockholm Stock Exchange (Stockholmsbörsen’s) 

February 8]. Available from: http://www.riksbank.com.

103. Bitkover CY, Gardlund B. Mediastinitis after cardiovascular operations: a case-control 

104. Olsen MA, Lock-Buckley P, Hopkins D, Polish LB, Sundt TM, Fraser VJ. The risk factors 

105. Harrington G, Russo P, Spelman D, Borrell S, Watson K, Barr W, Martin R, Edmonds 
D, Cocks J, Greenbough J, Lowe J, Randle L, Castell J, Browne E, Bellis K, Aberline M. 
Surgical-site infection rates and risk factor analysis in coronary artery bypass graft sur-

106. Peterson MD, Borger MA, Rao V, Peniston CM, Feindel CM. Skeletonization of bilateral 
internal thoracic artery grafts lowers the risk of sternal infection in patients with diabetes. 

107. Hall JC, Hall JL, Edwards MG. The time of presentation of wound infection after cardiac 

108. Ghebremedhin B, Konig W, Konig B. Heterogeneity of methicillin-resistant 
Staphylococcus aureus strains at a German university hospital during a 1-year period. Eur 

109. Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti K, Jernigan JA, 

110. Fynn-Thompson F, Vander Salm TJ. Methods for reduction of sternal wound infection. 

References



66

111. Svenska Hjärtkirurgiregistret. Årsrapport 2004 [homepage on the Internet]. 2004 [cited 
2005 20 December]. Available from: http://www.ucr.uu.se/hjartkirurgi/.

112. Freitas FIS, Guedes-Stehling E, Siqueira-Junior JP. Resistance to gentamicin and 
related aminoglycosides in Staphylococcus aureus isolated in Brazil. Letters in Applied 

113. Schmitz F-J, Fluit AC, Gondolf M, Beyrau R, Lindenlauf E, Verhoef J, Heinz H-P, Jones 
ME. The prevalence of aminoglycoside resistance and corresponding resistance genes in 
clinical isolates of staphylococci from 19 European hospitals. J. Antimicrob. Chemother. 

114. Miller GH, Sabatelli FJ, Hare RS, Glupczynski Y, Mackey P, Shlaes D, Shimizu K, 
Shaw KJ. The most frequent aminoglycoside resistance mechanisms--changes with time 

115. Doi Y, Yokoyama K, Yamane K, Wachino J-i, Shibata N, Yagi T, Shibayama K, 
Kato H, Arakawa Y. Plasmid-Mediated 16S rRNA Methylase in Serratia marcescens 
Conferring High-Level Resistance to Aminoglycosides. Antimicrob. Agents Chemother. 

116. Galdbart J-O, Morvan A, El Solh N. Phenotypic and Molecular Typing of Nosocomial 
Methicillin-Resistant Staphylococcus aureus Strains Susceptible to Gentamicin Isolated in 

References


