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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 intravenöst givet beta-laktam antibiotikum (cefalosporin eller i Sverige vanligen isoxazolylpenicillin) används rutinmässigt. Emellertid är många koagulasnegativa stafylokocker
resistenta mot just beta-laktam antibiotika.
Vancomycin är ofta det enda tillgängliga effektiva antibiotikumet för behandling av uppkomna sårinfektioner, men man brukar bestämt avråda från användning av vancomycin 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 kollagenplattor 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 rutinmässig 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 =  NRQ¿GHQVLQWHUYDOO± 3 
Det vanligaste bakteriologiska fyndet vid infektionerna var koagulasnegativa stafylokocker följt av Stafylococcus aureus. Lokalt gentamicin reducerade förekomsten av sårinfektioner 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 ejektionsfrakWLRQ RFKOnQJRSHUDWLRQVWLGYDUREHURHQGHULVNIDNWRUHUI|UDWWXWYHFNODHQSRVWRperativ 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
YLG¿[DWLRQHQDYVWHUQXP
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 antibiotics (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 infections, 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 prophylaxis 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
JHQWDPLFLQOHYHOVLQWKHZRXQGÀXLGGXULQJWKH¿UVWKRXUVSRVWRSHUDWLYHO\ZLWKWKH
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 sternotomy 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
WKHFRQWUROJURXS UHODWLYHULVN  FRQ¿GHQFHLQWHUYDOWR 3 
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.
,QSDWLHQWVZLWKDGGLWLRQDOVWHUQDO¿[DWLRQZLUHV !VL[ZLUHV WKHFROODJHQJHQWDPLFLQ
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
SDUWLFXODUDWWHQWLRQUHJDUGLQJWKHVWDELOLW\RI¿[DWLRQ
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.
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Abbreviations
BMI

body mass index (kg/m 2)

CABG

coronary artery bypass grafting

CDC

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

CFU

colony-forming units

CI

FRQ¿GHQFHLQWHUYDO

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

¼

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
SSWI
SWI

surgical site infection

VRSA
WHO

vancomycin-resistant staphylococcus aureus

VXSHU¿FLDOVWHUQDOZRXQGLQIHFWLRQ
sternal wound infection
World Health Organisation
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Introduction
Surgical site infection (SSI) is the most common nosocomial infection among surgical
SDWLHQWV  7KHLPSDFWRIWKHVHLQIHFWLRQVLQWHUPVRIFOLQLFDODQG¿QDQFLDORXWFRPHVLV
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
QRWVSHFL¿HG+RZHYHUSRVWRSHUDWLYHVWHUQDOZRXQGLQIHFWLRQV 6:, FDQEHH[SHFWHG
WRFRQVWLWXWHDVXEVWDQWLDOSURSRUWLRQRI±DQGWREHDPRQJWKHPRVWVHYHUH±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
SUREDEO\UHÀHFWLQFRQVLVWHQF\LQGH¿QLWLRQFODVVL¿FDWLRQDQGFRPSOHWHQHVVRIWKHSRVWoperative 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
RI6:,ZDVDERXW±  

'H¿QLWLRQVDQGFODVVL¿FDWLRQV
7KHUHDUHVHYHUDOV\VWHPVIRUFODVVL¿FDWLRQRIVXUJLFDOZRXQGLQIHFWLRQV7KH&HQWHUVIRU
Disease Control and Prevention (CDC) system for classifying a postoperative SSI is the
PRVWRQHFRPPRQO\UHIHUUHGWR  %ULHÀ\LWLQFRUSRUDWHVLQIHFWLRQVRFFXUULQJZLWKLQ
30 days after the operation and GH¿QHVan 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±QRWDEO\±GLDJQRVLVRID66,E\DVXUJHRQRU
attending physician). The infections are then FODVVL¿HGbased on the depthLQWR6XSHU¿FLDO
incisional SSI, Deep incisional SSI or Organ/Space SSI.
&DUGLRWKRUDFLFVXUJHRQVKRZHYHUKDYHQRWFRPPRQO\XVHGWKH&'&FODVVL¿FDWLRQ2QH
reason for this might be that it is not intuitively easy to apply to sternal wound infections, 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
V\VWHPFODVVL¿HVDOOLQIHFWLRQVEHORZWKHVXSHU¿FLDOIDVFLDDVGHHSWKXVLQFOXGLQJLQIHFWLRQVVXSHU¿FLDOWRWKHVWHUQXPEXWUHDFKLQJGRZQWRWKHVWHUQDO¿[DWLRQZLUHV,QFDUdiothoracic literature the term mediastinitis is often used synonymously with deep SWI
'6:, +RZHYHUWKHWHUPPHGLDVWLQLWLVLVSRRUO\GH¿QHGDQGVRPHRIWKHLQIHFWLRQV
FODVVL¿HGDVGHHSLQWKH&'&V\VWHPZRXOGQRWEHFODVVL¿HGDVPHGLDVWLQLWLVLQPRVW
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
MXVWXQGHUJRVXUJLFDOUH¿[DWLRQ VRPHWLPHVZLWKVKRUW³SURSK\ODFWLF´DQWLELRWLFUHJLPHQV 
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 conceivable 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
RIFXOWXUHVDPSOHVDQGLQWKHGH¿QLWLRQLVXQDYRLGDEOH)RUFRPSDULVRQRIWKHLQFLGHQFHRI
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.
(O2DNHO\HWDOKDYHSUHVHQWHGDFODVVL¿FDWLRQRIYHUL¿HGFDVHVRIPHGLDVWLQLWLV  EDVHG
RQWKHSUHVHQFHRUDEVHQFHRIFHUWDLQULVNIDFWRUVDQGDOVRRQZKHWKHULWLVWKH¿UVWPHGLDVWLQLWLVRUWKH³VHFRQG´RQHDIWHUDIDLOHGDWWHPSWWRWUHDWWKH¿UVW7KHUHDUHQRVWULFW
FULWHULDKRZHYHUIRUWKHGH¿QLWLRQRIDPHGLDVWLQLWLV
7KH$6(36,6VFRUHGHYHORSHGDQGSUHVHQWHGE\:LOVRQHWDOLVZHOOGH¿QHGDQGSUREDEO\WKHPRVWVFLHQWL¿FDOO\DQGFOLQLFDOO\UHOHYDQWFODVVL¿FDWLRQV\VWHPDYDLODEOHWRGD\
(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 retrospective 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 postoperative 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
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to be mainly found in mediastinitis caused by spread from concomitant infections in other
VLWHVGXULQJWKHSRVWRSHUDWLYHSHULRG7KLVFODVVL¿FDWLRQLVLQWHUHVWLQJVLQFHLWHQWDLOVWKH
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 consequences 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
7KHFRVWRID6:,KDVEHHQHVWLPDWHGWREHDERXW±86$VKRUWVXPPDU\
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 calculations may be less valid when applied on different countries with different health care systems. 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 substantial. Furthermore, 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
PHDVXUHVFDQEHMXVWL¿HGDQGDFWXDOO\FRVWVDYLQJ
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.
7KHUHDUHKRZHYHUDODUJHQXPEHURIFRQWUROODEOHDVSHFWVWKDWLQÀXHQFHWKHUDWHRI
SWI. It should be emphasised that effective prevention requires that all these aspects be
addressed simultaneously.
13
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US$ 20 012

Cost

by multivariate regression

by case control
deep sternal wound
infection according to
&'&FODVVL¿FDWLRQ

6SHFL¿FDWLRQRIFRVW

USA, large midwestern community medical centre. Consecutive
CABG patients 1996-1998. Unmatched case-control study. Cost of
surgical site infection was also calculated by multiple linear regression to control for factors other than surgical site infections that may
have an independent effect on cost of care.

Comments

Table 1. Calculated costs for the treatment of a postoperative sternal wound infection

Reference

US$ 18 938
US$ 14 211

all wound infections including donor site infections

Hollenbeak CS, Murphy DM, Koenig S, Woodward
RS, Dunagan WC, Fraser VJ. The clinical and economic impact of deep chest surgical site infections
following coronary artery bypass graft surgery.
&KHVW

$AU 12 419*

deep sternal wound infections only

Same material as above, analysed with “Heckman’s two stage
approach” to control for selection bias.

Hollenbeak CS, Murphy D, Dunagan WC, Fraser VJ.
Nonrandom selection and the attributable cost of surgical-site infections. Infect Control Hosp Epidemiol


$AU 31 597

Australia, consecutive CABG patients 1996-1998. Case-control
(matched 1:1) study. The authors consider that their approximations
“certainly underestimate the true cost” due for example to the fact that
the cost of reoperations was not included in the analysis.

Jenney AW, Harrington GA, Russo PL, Spelman DW.
Cost of surgical site infections following coronary
DUWHU\E\SDVVVXUJHU\$1=
- 6XUJ 
$1=-6XUJ

> US$ 30 000(?)

wound complication
(“mediastinitis,
dehiscence or both”)

USA (Cleveland Clinic). Retrospective. 6504 consecutive patients
1985-1987. Compared hospital charges for all patients with no complications with those of the 72 patients with wound complications.
Presented in 1987 dollars. Result presented as: “median charge
$58,092 ($16,966 to $ 408,632) which was 2.8 times that of uncomplicated cases.”

Loop FD, Lytle BW, Cosgrove DM, et al. J. Maxwell
Chamberlain memorial paper. Sternal wound complications after isolated coronary artery bypass grafting:
early and late mortality, morbidity, and cost of care.
$QQ7KRUDF6XUJ

wound infection

USA, Emory University, Georgia. 807 consecutive CABG patients
1990. Impact of several preoperative and postoperative variables (univariate) on hospital costs. No details from the multivariate analysis.
(That there were only 5 infections in the material may make estimate
uncertain)

Mauldin PD, Weintraub WS, Becker ER. Predicting
KRVSLWDOFRVWVIRU¿UVWWLPHFRURQDU\DUWHU\E\SDVV
grafting from preoperative and postoperative variDEOHV$P-&DUGLRO

US$ 41 559

US$ 25 230

sternal infection

USA, St Johns Hospital, Illinois. 500 consecutive CABG patients
1985. Multivariate regression analysis on the impact of several postoperative complications on the cost of the care.

Taylor GJ, Mikell FL, Moses HW, et al. Determinants
of hospital charges for coronary artery bypass surgery: the economic consequences of postoperative
FRPSOLFDWLRQV$P-&DUGLRO

*1 $AU ~ 0.66 US$ in 1998
&'& &HQWHUVIRU'LVHDVH&RQWURODQG3UHYHQWLRQ6:, 6WHUQDO:RXQG,QIHFWLRQ
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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)/m 2, has been shown to correlate to the rate of wound infections and there
are recommendations for acceptable counts of CFU/m 2 for different types of surgery (33,
34). The level of CFU/m 2 LVLQÀXHQFHGE\WKHW\SHRIYHQWLODWLRQV\VWHPLQWKHRSHUDWLQJ
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
ÀRUDEXWQRWWRUHGXFHWKHQXPEHURIZRXQGLQIHFWLRQVLQDUDQGRPLVHGFRQWUROOHGWULDO 5&7 
(39). Nevertheless, preoperative showering with chlorhexidine is commonly practised. The
patient’s nasal carriage of S. aureusKDVEHHQLGHQWL¿HGDVDQLPSRUWDQWVRXUFHRIEDFWHULDO
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
VLJQL¿FDQWO\KLJKHUULVNRI66,WKDQHLWKHUWKHXVHRIDGHSLODWRU\DJHQWRUQRKDLUUHPRYDO
(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 uninhibited 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
FDUULHGRXWRQFRQYHQWLRQDOUHGEORRGFHOOFRQFHQWUDWHV+RZHYHUWUDQVIXVLRQZLWK¿OWHUHG
leucocyte-free red blood cell concentrates may carry a substantially lower risk.
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F 5LJLG¿[DWLRQRIERQHDQGWLVVXHV
,QRUWKRSDHGLFVXUJHU\VWDEOHULJLG¿[DWLRQRIIUDFWXUHVKDVEHHQVKRZQWRUHGXFHWKH
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
ORZHULQFLGHQFHRI6:,ZLWKDPRGL¿HGWHFKQLTXHRIUHLQIRUFHGVWHUQDO¿[DWLRQDQGRWKHU
reports have also supported the theory that additional measures to achieve rigid sternal
¿[DWLRQUHGXFHWKHLQFLGHQFHRI6:,  

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
UHGXFHGSHULSKHUDOEORRGÀRZDUHFRPPRQO\UHSRUWHGULVNIDFWRUVIRU6:, 
 $ODUJHUDQGRPLVHGVWXG\LQFRORUHFWDOVXUJHU\SDWLHQWVVKRZHGDVLJQL¿FDQWUHGXFWLRQ
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
FRQ¿UPHGLQDUHFHQWVWXG\  DQGDOWKRXJKFRQÀLFWLQJUHVXOWVKDYHEHHQUHSRUWHGIURP
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 randomised study in abdominal surgery showed that wound healing improved when intraveQRXVÀXLGZDVUHVWULFWHGSHULRSHUDWLYHO\  

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
 7KHPHFKDQLVPVXQGHUO\LQJWKHVHHIIHFWVDUHQRWIXOO\XQGHUVWRRGDQGWKHLQÀXHQFH
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.
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4. Antibiotic prophylaxis
$LPRIWKHSURSK\OD[LV
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.

,QWUDYHQRXVSURSK\OD[LV
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 mentioned. The timing of the prophylaxis is important (74). The systemic antibiotic concentration should already be high at skin incision and kept high during surgery. There is no
HYLGHQFHWKDWH[WHQVLRQRIWKHSURSK\OD[LVSRVWRSHUDWLYHO\SURYLGHVDQ\EHQH¿WDQGWKHUH
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
GXUDWLRQRIKRXUVKDVEHHQUHFRPPHQGHGDQGWRH[WHQGWKHSURSK\OD[LVXQWLODOOFDWKeters 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
EHHQJHQHUDOO\ORZHUWKDQ¿JXUHVUHSRUWHGIURPWKH8QLWHG6WDWHVWKLVSURSK\OD[LVKDV
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 example England, cephalosporins have occasionally been combined with iv aminoglycosides
 +RZHYHUQRVLJQL¿FDQWDGGLWLRQDOHIIHFWRIWKLVLYFRPELQDWLRQFRPSDUHGZLWKWKDW
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 circulaWLRQ (&&KHDUWOXQJPDFKLQH DQGHYHQIHZHURQWKHFRQFHQWUDWLRQVRIDQWLELRWLFVLQ
WKHPHGLDVWLQDOÀXLGDIWHUFDUGLDFVXUJHU\7KHUHDUHQRUHSRUWHGGDWDRQWKHV\VWHPLF
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
LQVWDQWKDHPRGLOXWLRQFDXVHGE\WKHSULPLQJÀXLGLQWKH(&&FLUFXLWDQGWKHIUHTXHQW
intra- and postoperative disturbance of renal function, the pharmacokinetics of drugs
during and after cardiac surgery may differ from the “normal”.

5DWLRQDOHIRUUHFRQVLGHULQJWKHSUHVHQWLYSURSK\OD[LV
$PDMRUOLPLWDWLRQRIWKHSUHVHQWSURSK\OD[LVLQFDUGLDFVXUJHU\LVWKDWPDQ\&R16±WKHPRVW
FRPPRQFDXVDWLYHDJHQW±DUHUHVLVWDQWWREHWDODFWDPDQWLELRWLFV7KHVHVWUDLQVDUHFRPPRQO\
referred to as methicillin-resistant S. epidermidis (MRSE). Methicillin-resistant S. aureus
(MRSA) has also emerged as a potential pathogen in postoperative SWI (87, 88).
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Vancomycin is often the only effective antibiotic available for treatment of sternal infections caused by these agents, but its use for routine prophylaxis is strongly discouraged
by microbiologists because of the risk of increasing the selection of resistant bacteria
with subsequent serious ecological and therapeutic consequences. The importance of
restrictive use of vancomycin is emphasised by recent reports from France of MRSA with
reduced susceptibility to glycopeptides (89, 90). S. aureus with reduced susceptibility to
YDQFRP\FLQZDV¿UVWUHSRUWHGLQ  DQGLQDFOLQLFDOLVRODWHRIYDQFRP\FLQ
resistant S. aureus 956$  PLQLPDOLQKLELWRU\FRQFHQWUDWLRQ>0,&@!ȝJP/ ZDV
LGHQWL¿HG  
In addition, vancomycin is a less active anti-staphylococcal agent than are beta-lactam antibiotics (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 systemic administration in view of the risk of toxic adverse reactions. Hence, the high gentamicin 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 spectrum of bactericidal activity against many Gram-positive organisms, including staphylococci (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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The aim of this work was to develop and evaluate a new technique for antibiotic prophylaxis in cardiac surgery consisting of insertion of absorbable, drug eluting collagengentamicin sponges in the sternal wound in addition to the conventional iv antibiotics.
7KHVSHFL¿FDLPVRIWKLVWKHVLVZHUH
v

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

v

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

v

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

v

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)

v

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

v

WRH[DPLQHWKHPLFURELRORJLFDO¿QGLQJVLQ6:,VLQUHODWLRQWRWKHFOLQLFDOSUHVHQWDtion of these infections and the effect of the prophylaxis (paper IV)

v

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).
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Patients
Dicloxacillin concentrations after iv administration (I)
One hundred and one consecutive adult cardiac surgery patients without penicillin intolerance were included (Table 2) and received iv dicloxacillin according to the routine
SURWRFROVHHEHORZ

Gentamicin concentrations after local administration (I)
The gentamicin concentrations in the serum and wound were measured in 30 consecutive cardiac surgery patients who had received routine iv prophylaxis with dicloxacillin
FRPELQHGZLWKVWHUQDODSSOLFDWLRQRIFROODJHQJHQWDPLFLQVHHEHORZ 7DEOH 5HQDO
LQVXI¿FLHQF\ZDVQRWDQH[FOXVLRQFULWHULRQDQGRQHSDWLHQWKDGEHHQELODWHUDOO\QHSKUHFtomised and was on haemodialysis.

Table 2. Patient characteristics in antibiotic concentration studies.
Iv dicloxacillin
(n=101)

Local gentamicin (n=30)

70/31

25/5

74

28

Valve

12

1

CABG+valve

12

Other

3

1

67.1 + ±

64.6 + ±

Sex (M/F)
Operation
CABG

Age (yr)
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
DPLQRJO\FRVLGHVGXULQJWKHODVWZHHNVEHIRUHVXUJHU\DQG H[SHFWHGGLI¿FXOW\LQ
IXO¿OOLQJWKHIROORZXSUHTXLUHPHQWVIRUOLQJXLVWLFRURWKHUUHDVRQ
During the study period a total of 2742 patients underwent cardiac surgery at the two
FHQWUHV7ZRWKRXVDQGHOLJLEOHSDWLHQWVZHUHLGHQWL¿HGDQGSUHOLPLQDULO\LQFOXGHG )LJ 
Of these, 1956 patients entered the study. Six of these could not be reached at the followup. 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)

Control (n=1000)

Excluded peroperatively
n=5

Excluded peroperatively
n=4

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

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

Analysed n=983

Analysed n=967

Figure 1.7ULDOSUR¿OH/2*,3WULDO
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Table 3. Baseline data, LOGIP trial
All other operations during
study period*
(n = 792)

Control

Treatment

(n = 967)

(n = 983)

503 (52.0)
464 (48.0)

509 (51.8)
474 (48.2)

363 (45.8)
429 (54.2)

735 (76.0)
68 (20-87)

753 (76.6)
68 (25-87)

525 (66.3)
70 (16-88)

26.6 (14.8-46.1)
94 (50-1084)
9 (0.9)
174 (18.0)
58 (6.0)
65 (6.7)

26.3 (15.6-42.8)
96 (45-801)
5 (0.5)
180 (18.3)
52 (5.3)
50 (5.1)

154 (19.4)
55 (6.9)
37 (4.7)

47 (4.9)
12 (1.2)
570 (58.9)
338 (35.0)
9 (0.9)
11 (1.1)
465 (48.1)
6 (0.9)
1 (0-40)
23 (2.4)

22 (2.2)
9 (0.9)
622 (63.3)
347 (35.3)
9 (0.9)
9 (0.9)
536 (54.5)
3 (0.3)
1 (0-41)
23 (2.3)

97 (12.2)

Type of surgery, no. (%)
CABG
Off pump (% of CABG)
Valve
Aortic aneurysm
Congenital malformation
CABG+other (mostly valve)
Other

698(72.2)
63 (9.0)
135 (14.0)
18 (1.9)
5 (0.5)
100 (10.3)
11 (1.1)

732 (74.5)
65 (8.9)
131 (13.3)
11 (1.1)
6 (0.6)
95 (9.7)
8 (0.8)

555 (70.1)
51 (9.2)
108 (13.6)
48 (6.0)
4 (0.5)
66 (8.3)
11 (1.4)

Use of mammary artery, no. (%)
LIMA only
all operations
CABG(% of CABG)
RIMA only
all operations
CABG(% of CABG)
Bilateral IMA all operations
CABG(% of CABG)

679 (70.2)
615 (88.1)
4 (0.4)
3 (0.4)
10 (1.0)
9 (1.3)

701 (71.3)
641 (87.6)
6 (0.6)
5 (0.6)
9 (0.9)
9 (1.2)

195 (65-632)

195 (60-778)

Centre, no. of patients (%)
Centre A
Centre B
Sex
Male, no. (%)
Age in years, median (range)
Risk factors
BMI, median (range)
Serum creatinine (μmol/L), median (range)
Preop dialysis, no. (%)
Diabetes, insulin/drug treated, no. (%)
COPD, no (%)
/HIWYHQWULFXODUHMHFWLRQIUDFWLRQQR 
Preop medication: no. (%)
Oral steroid treatment
Immunosuppression
Preop anticoagulation, any
Dalteparin or Heparin (within 24 h)
Warfarin (within 3 days)
Clopidogrel (within 3 days)
Aspirin (within 7 days)
Dipyridamole
Preop hospital stay, days, median (range)
Emergency operation, no. (%)

Times, minutes
Operation, duration, median (range)
CPB, duration, median (range)

88 (19-365)

87 (30-480)

91 (22-619)

*ConsistsRISDWLHQWVQHYHULQFOXGHGDQGWKHSDWLHQWVH[FOXGHGIURPWKHVWXG\RQO\GDWDUHWULHYDEOHIURPWKH
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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$QDO\VHVRIWKHLQÀXHQFHRIDGGLWLRQDOVWHUQDO¿[DWLRQZLUHV 9
In paper V, subpopulations of the LOGIP patient population were studied as follows:
3DWLHQWVRSHUDWHGRQDWFHQWUH$ZHUHVXEGLYLGHGRQWKHEDVLVRIWKHQXPEHURI¿[DWLRQ
ZLUHVXVHGIRUVWHUQDOFORVXUHLQWRWKRVHZLWKVL[RUIHZHUVWHUQDO¿[DWLRQZLUHV VWDQGDUG
WHFKQLTXH67JURXS DQGWKRVHZLWKVHYHQRUPRUH¿[DWLRQZLUHV H[WUDZLUHWHFKQLTXH
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).
7KHEDVHOLQHGDWDRIWKHWZRJURXSVGLGQRWGLIIHUVLJQL¿FDQWO\H[FHSWWKDWWKHSDWLHQWVLQ
the XW-group had a slightly higher mean height (Table 2 in Paper V).
Table 4. 1XPEHURIVWHUQDO¿[DWLRQZLUHVXVHGLQRIWKHSDWLHQWVRSHUDWHGRQDWFHQWUH$
No of sternal wires

n (%)

Group

n (%)

5
6
7
8
9
10

10 (1.0)
731 (72.2)
235 (23.2)
27 (2.7)
1 (0.1)
1 (0.1)

“ST”
(standard technique)

741 (73.7)

“XW”
(extra wires)

264 (26.3)

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.
All patients from centre A
(n = 1012)

All patients from centre B
(n = 938)

ST group (<6 sternal
wires) (n = 741) and
patients with an unknown
no. of wires (n = 7)

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

Trial patients with extra-rigid
distal sternal fixation
(n = 1202)

Local gentamicin
(n = 613)

Control
(n = 589)

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
FRQVLGHUHGWRKDYHH[WUDULJLGGLVWDOVWHUQDO¿[DWLRQ
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 collagengentamicin (260 mg gentamicin) was applied in the sternal wound. All differences between the two
JURXSVDUHQRQVLJQL¿FDQW
Treatment
(n = 613)

Control
(n = 589)

459 (74.9)
82 (13.4)
54 (8.8)
9 (1.5)
4 (0.7)
5 (0.8)

413 (70.1)
89 (15.1)
58 (9.8)
16 (2.7)
2 (0.3)
11 (1.9)

26.8 (3.7)
65.9 (10.1)
205 (59.9)

26.8 (4.1)
65.8 (10.5)
207 (68.7)

104 (17.0)
442 (72.1)
6 (1.0)
25 (4.1)
6 (1.0)
29 (4.7)

101 (17.1)
402 (68.3)
5 (0.8)
35 (5.9)
9 (1.5)
34 (5.8)

Type of surgery, No. (%)
CABG
Valve
CABG + other
Aortic aneurysm
Congenital malformations
Other
Risk factors
Continuous, mean (SD)
BMI, kg/m 2
Age, yr
Duration of operation, min
Categorical, No. (%)
Diabetes
Unilateral IMA
Bilateral IMA
/9()
Immunosuppression
COPD

BMI ERG\PDVVLQGH[&$%* FRURQDU\DUWHU\E\SDVVJUDIWLQJ&23' FKURQLFREVWUXFWLYHSXOPRQDU\
GLVHDVH,0$ LQWHUQDOPDPPDU\DUWHU\/9() OHIWYHQWULFXODUHMHFWLRQIUDFWLRQ
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
VNLQLQFLVLRQDIWHUKRIRSHUDWLQJWLPHLPPHGLDWHO\EHIRUHVWHUQDOFORVXUH XQOHVVLWKDG
EHHQJLYHQZLWKLQWKHODVWK DQGSRVWRSHUDWLYHO\HYHU\K'XULQJWKHFRQFHQWUDWLRQ
VWXGLHV SDSHU, LWZDVFRQWLQXHGXQWLOWKHPRUQLQJRISRVWRSHUDWLYHGD\LH±K
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.
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Local collagen-gentamicin: surgical technique
Collatamp®* DWWKHWLPHRIWKHVWXG\PDUNHWHGE\6FKHULQJ3ORXJK6WRFNKROP6ZHGHQ
DWSUHVHQWE\,QQRFROO3KDUPDFHXWLFDOV$WKORQH,UHODQG FRQVLVWVRIDÀDWDEVRUEDEOH
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 tightHQHG )LJ 7KHVWHUQXPZDVFORVHGZLWKVWHHO¿[DWLRQZLUHV7KHZLUHVZHUHSXW
around the sternum in the intercostal spaces at the level of the corpus and as a rule transsternally 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
$QWLELRWLFFRQFHQWUDWLRQVLQVHUXPDQGZRXQGÀXLG ,
'LFOR[DFLOOLQFRQFHQWUDWLRQV ,
Venous blood (serum) samples for measurement of dicloxacillin concentrations were taken
DWVWHUQDOFORVXUH6DPSOHVIURPWKHPHGLDVWLQDO SHULFDUGLDO ÀXLGZHUHWDNHQDWVWHUQDO
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)
*HQWDPLFLQFRQFHQWUDWLRQVZHUHPHDVXUHGLQGUDLQDJHÀXLGIURPWKHFKHVWWXEHVDQGLQ
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 phyVLFLDQVDQGQXUVHVZKRFROOHFWHGDOOWKHSRVWRSHUDWLYHGDWDDQGFODVVL¿HGWKHLQIHFWLRQV
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 collaJHQJHQWDPLFLQVHHDERYH RUDFRQWUROJURXS LYSURSK\OD[LVDORQH 
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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ZRXQGIHHOLQJRIXQVWDEOHVWHUQDO¿[DWLRQDQGSUHVHQFHRIIHYHU!oC (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.

&ODVVL¿FDWLRQRILQIHFWLRQV
7KHFODVVL¿FDWLRQZDVPDGHIURPDOOGDWDDYDLODEOHIURPWKHFRQWDFWZLWKWKHSDWLHQWDQGFROOHFWHGPHGLFDOUHFRUGV&ULWHULDIRUGH¿QLWLRQDQGFODVVL¿FDWLRQRI6XUJLFDO6LWH,QIHFWLRQV
DFFRUGLQJWRWKH&'&V\VWHP  ZHUHXVHGZLWKPLQRUPRGL¿FDWLRQV 7DEOH 'HSWKV
DQGZHUHUHJDUGHGDVVXSHU¿FLDOLQIHFWLRQVDQGGHSWKVDQGDVGHHSLQIHFWLRQV
Table 6.&ODVVL¿FDWLRQRILQIHFWLRQV
Depth
1

Localisation
Cutis

Description
E.g. infected crusts

2

Subcutis

Involving subcutaneous tissue but not reachLQJGRZQWRVWHUQDO¿[DWLRQZLUHV

3

Presternal

,QIHFWLRQVUHDFKLQJEHORZWKHVXSHU¿FLDO
fascia, involving sternal wires.

4

Sternal bone or
mediastinum

8QVWDEOHVWHUQDO¿[DWLRQZLWKVLJQVRI
osteomyelitis or positive bacterial cultures
from mediastinum or mediastinal abscess.

6XSHU¿FLDO

Deep

7KHLQIHFWLRQVZHUHFODVVL¿HGDV³GH¿QLWH´RU³SUREDEOH´$OOSUREDEOHDQGGH¿QLWHLQIHFtions were considered as “infection” in the following calculations unless otherwise stated.
7REHFODVVL¿HGDVGH¿QLWHPHGLDVWLQLWLV GHSWK WZRRI¿YHFXOWXUHVKDGWREHSRVLWLYH
with the same bacterial isolate.

Comment
'LDJQRVLVDQGFODVVL¿FDWLRQRIVXUJLFDOVLWHLQIHFWLRQVDUHGHVSLWHFODVVL¿FDWLRQV\VWHPV
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
VDPSOLQJV7KH6:,VZHUHWKHUHIRUHFODVVL¿HGDVGH¿QLWHRUSUREDEOHDQGWKHODWWHUJURXS
included all cases where infection could not be ruled out, irrespective of positive cultures,
LQDQDWWHPSWQRWWRXQGHUHVWLPDWHWKHWUXHLQFLGHQFH7KHLQIHFWLRQVFODVVL¿HGDVVXSHU¿FLDO
DFFRUGLQJWRWKH&'&V\VWHPZHUHVXEGLYLGHGLQWRWZRJURXSVVLQFHWKHPRVWVXSHU¿FLDO
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 administered because of fever and elevation of p-CRP of uncertain cause. Antibiotic treatment was
WKHUHIRUHGH¿QHGDVDQ\DQWLELRWLFWUHDWPHQWGXULQJWKH¿UVWWZRPRQWKVSRVWRSHUDWLYHO\
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Risk factors for sternal wound infection (III)
(LJKWHHQSUHDQGLQWUDRSHUDWLYHSRWHQWLDOULVNIDFWRUVIRU6:,LQFOXGLQJJURXSDI¿OLDWLRQ
(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 sigQL¿FDQWO\PRUHFRPPRQLQWKHWUHDWPHQWJURXSDQGDOVREHFDXVHLWKDVEHHQUHSRUWHGDV
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.
7KHULVNIDFWRUVWKDWZHUHIRXQGWREHVLJQL¿FDQWLQWKHPXOWLYDULDEOHPRGHOZHUHWHVWHG
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
LQGLFDWLRQWKHQXPEHURIH[WUDGD\VVSHQWLQWKH,&8DQGLQZDUGVE\UHDVRQRIWKHZRXQG
LQIHFWLRQWKHQXPEHURIVXUJLFDOUHYLVLRQVRIWKHZRXQGXQGHUJHQHUDORUORFDODQDHVWKHVLDWKHXVHRIGLDJQRVWLF&7VFDQIRUGLDJQRVLVRIWKH6:,WKHQXPEHURIRXWSDWLHQW
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
FRQYHUWHGWRHXUR ¼ XVLQJWKHPHDQH[FKDQJHUDWHGXULQJWKH\HDURI¼ 6(.
(102) .The costs used in the calculations are shown in Table 7. The cost of the prophylaxis
(two 10x10 cm Collatamp®* ZDV¼ 6(. 
For a number of the less severe and late SWIs that had been treated by external medical
VHUYLFHVLQVXI¿FLHQWGDWDZHUHDYDLODEOHIRUFRUUHFWFDOFXODWLRQVRIWKHFRVW
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.
RQHYLVLWWRDGRFWRUDQGGD\VRIWUHDWPHQWZLWKRUDOLVR[D]RO\OSHQLFLOOLQ ÀXFOR[DFLOOLQ
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

2 288

Number (%)
of patients
with any
53 (41.1)

548

11 (8.5)

Unit cost,
euro
Surgical revision under general anaesthesia
Surgical revision under local anaesthesia

Mean cost
per SWI,
euro
2 359
98

CT scan thorax

312

21 (16.3)

44

Days in the ICU

2 285

26 (20.1)

5 119

517

33 (25.6)

1 597

Days in a ward
Cardiothoracic clinic
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
CT &RPSXWHULVHGWRPRJUDSK\,&8 ,QWHQVLYHFDUHXQLW

14 481

Cost effectiveness
7KHFODVVL¿FDWLRQRIWKHFDVHVZLWK6:,IRUWKHFDOFXODWLRQRIFRVWDQGRIFRVWHIIHFWLYHness 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
LQFRUUHFWO\LQÀXHQFHGE\DIHZFRVWO\6:,VLQHLWKHUJURXSWKHFRVWDQDO\VLVZDVDOVR
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.
7KHLQÀXHQFHRIGLIIHUHQWFRVWVRIWKHSURSK\OD[LVDVZHOODVRIGLIIHUHQWLQFLGHQFHVRI
SWI was also explored.

Comment
7KHPRVWREYLRXVOLPLWDWLRQWRWKHPHWKRGRIFRVWHVWLPDWLRQZDVWKHGLI¿FXOW\LQDVVHVsing 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 commonly applied approach in a case-control study involves problems associated with selection bias, which may be even larger.
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Cost
No SWI
n=941

CP (n=941)
Treated at clinic for
infectious diseases
No surgical
revision
n=21

Treatment group
n=983
SWI within
two months
n=42

SC + CP (n=18)

CSWI + CP (n=21)

Surgical revision
n=21

No cost (n=880)

No SWI
n=880
Treated at clinic for
infectious diseases
No surgical
revision
n=49

Control group
n=967
SWI within
two months
n=87

CSWI + CP (n=3)

Surgical revision
n=38

CSWI (n=5)

SC (n=44)

CSWI (n=38)

Figure 4. 6XEFODVVL¿FDWLRQRIWKHSDWLHQWVIRUFDOFXODWLRQRIFRVWVLQWKHWUHDWPHQWDQGFRQWUROJURXSV
SWI = Sternal wound infection
&6:, &RVWRIVWHUQDOZRXQGLQIHFWLRQ&3 &RVWRISURSK\OD[LV HXUR 6& 6WDQGDUGLVHG
FRVW RQHRXWSDWLHQWYLVLWWRDGRFWRUDQGRUDOÀXFOR[DFLOOLQRQHJUDPWKUHHWLPHVDGD\IRUWHQGD\V)

0LFURELRORJLFDO¿QGLQJVLQSDWLHQWVZLWKDQGZLWKRXW
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
GHWDLOHGDQDO\VLVRIWKHPLFURELRORJLFDO¿QGLQJVDQGFOLQLFDOV\PSWRPV SDSHU,9 ,QFDVHVZLWK
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 chronRORJLFDOO\¿UVWLVRODWHGDJHQWZDVVHOHFWHGDQGODWHU¿QGLQJVZHUHLJQRUHGLQWKHDQDO\VHV
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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,QÀXHQFHRIDGGLWLRQDOVWHUQDOZLUHVRQGHHSVWHUQDOZRXQGLQIHFWLRQ
DQGRQWKHHI¿FDF\RIORFDOJHQWDPLFLQSURSK\OD[LV 9
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
ZDVDVPDOOGLIIHUHQFHLQWKHWHFKQLTXHRIVWHUQDO¿[DWLRQEHWZHHQWKHFHQWUHV,PPHGLDWHO\
EHIRUHWKHVWDUWRIWKH/2*,3WULDOFHQWUH%KDGGHYHORSHGDQGHYDOXDWHGDPRGL¿FDWLRQ
of the surgical technique with the aim of reducing wound infections. This implied a difference from the standard technique used at centre A in one main respect, namely that the
VWHUQXPZDV³¿UPO\FORVHGZLWK±VLQJOHVWHHOZLUHVZLWKVSHFLDOHQGHDYRXUWRVWDELOL]H
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.
7RDVVHVVWKHLQÀXHQFHRIWKHQXPEHURI¿[DWLRQZLUHVWKHQXPEHURIVWHUQDOZLUHVLQ
SDWLHQWVRSHUDWHGRQDWFHQWUH$ZDVFRXQWHGE\UHYLHZLQJWKH¿UVWSRVWRSHUDWLYHFKHVW
;UD\VZKLFKQRUPDOO\KDGEHHQWDNHQRQWKH¿UVWPRUQLQJSRVWRSHUDWLYHO\

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
KDGEHHQSDLGWRVHFXULQJULJLG¿[DWLRQRIWKHFDXGDOVWHUQXPLQDOOSDWLHQWVDWFHQWUH%
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 avoiding sternal instability.
There are two main limitations in the study design that are associated with retrospective
DQDO\VHV7KH¿UVWOLPLWDWLRQFRQFHUQVWKHHIIHFWRIWKHQXPEHURIVWHUQDOZLUHVZKHUHWKH
patients were not randomised. Secondly, regarding the effect of local gentamicin excludLQJRQHVXEJURXSRISDWLHQWVWKLVZDVDSRVWKRFDQDO\VLVWKDWZDVQRWSUHGH¿QHGLQWKH
protocol of the LOGIP trial.

Biochemical analyses
Dicloxacillin concentration (I)
7KHFRQFHQWUDWLRQVRIGLFOR[DFLOOLQLQEORRGDQGVWHUQDOZRXQGÀXLGZHUHPHDVXUHGE\DELRDVVD\ZLWKD3'0DJDUSODWH $%%LRGLVN6ROQD6ZHGHQ WKDWZDVÀRRGHGZLWKDQLQGLFDWRU
strain, S. aureus$VWDQGDUGFXUYHZDVREWDLQHGE\GLVFV 3'06WDQGDUG'LVFV$%
Biodisk) with increasing concentrations of dicloxacillin. The concentrations in the patient
VDPSOHV VHUDRUZRXQGÀXLG WKDWKDGEHHQDGGHGWRDQWLELRWLFIUHHGLVFVFRXOGEHLQWHUSUHWHG
according to the inhibition zone around this disc compared to the standard curve.

Gentamicin concentration (I)
7KHFRQFHQWUDWLRQRIJHQWDPLFLQZDVGHWHUPLQHGXVLQJD7'[ÀXRUHVFHQFHSRODULVDWLRQ
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
GLFOR[DFLOOLQLQWKHVKLIWLQJFRPSRVLWLRQRIZRXQGÀXLGZLWKYDU\LQJSURWHLQFRQFHQWUDtions, 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
WKHZRXQGÀXLGEXWQRWLQWLVVXH,WKDVEHHQVKRZQKRZHYHUWKDWWKHVHUXPOHYHOVRI
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
PHGLXP &ROXPELD,,$JDUZYKRUVHEORRGGH¿EULQLVHG69$8SSVDOD6ZHGHQ
6% v/v), with prolonged (> 5 days) incubation anaerobically, as well as in enrichment broth
IDVWLGLRXVDQDHUREHEURWKZY/DE0/DQFDVKLUH8.DQG'JOXFRVH
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.
5RXWLQHPLFURELRORJLFDOGLDJQRVWLFSURFHGXUHVZHUHXVHGIRULGHQWL¿FDWLRQRIEDFWHULDO
isolates. Susceptibility testing was performed on the staphylococcal isolates by 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 Swedish
Reference Group for Antibiotics (www.srga.org). A MIC value of b1 mg/L for methicillin,
b1 mg/L for gentamicin/netilmicin and b 4 mg/L for vancomycin was considered
susceptible.

Comment:
6DPSOHVFROOHFWHGDWVXUJLFDOUHYLVLRQDWFHQWUH$ZHUHIUR]HQDW±&DQGVWRUHGIRU
further analyses.

Statistical methods (I-V)
Sample size
The sample size in the LOGIP trial was chosen so as to detect an approximate 50% reduction 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 (twosided 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.
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Risk factor analysis (III)
5LVNIDFWRUVIRU6:,ZHUHLGHQWL¿HGE\XQLYDULDEOHDQGPXOWLYDULDEOHORJLVWLFUHJUHVVLRQ
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
DQDO\VLV OLNHOLKRRGUDWLR ZDVPDGH$OVRD+RVPHU/HPHVKRZJRRGQHVVRI¿WWHVWZDV
performed.

General statistical methods
'LIIHUHQFHVLQSURSRUWLRQVZHUHH[SUHVVHGDVWKHUHODWLYHULVN 55 ZLWKFRQ¿GHQFH
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:KLWQH\UDQNVXPWHVWZDVXVHG$3YDOXHRIZDVFRQVLGHUHGVLJQL¿FDQW)RUWKH
statistical analyses, Statistica® 7 (StatSoft Inc, Tulsa, OK, USA), SPSS® 13.0 (SPSS Inc,
Chicago, IL, USA) software and Microsoft® Excel were used.

34

Results and discussion
Antibiotic concentration determinations
Dicloxacillin concentrations (I)
7KHFRQFHQWUDWLRQVLQVHUXPDQGZRXQGÀXLGDUHVKRZQLQ7DEOH

Table 8.'LFOR[DFLOOLQFRQFHQWUDWLRQVPJ/6WDSK\ORFRFFXVDXUHXVDQG&R16DUHGH¿QHGDV
VHQVLWLYHWRR[DFLOOLQZKHQWKH0,&LVPJ/
Time
Blood
Wound

Sternal closure

Sternal closure
4-9 h*
11-16 h*
17-22 h*
*Time after sternal closure

No. of
samples
97
92
78
73
50

Median

Min

Max

59.4

9.5

215

55.4
13.5
6.7
12.4

2
2.2
0.5
0.5

295
119
129
50.7

The median levels were well above the MIC breakpoint for staphylococci (1.0 mg/L) in
VHUXPDQGZRXQGÀXLGDWVWHUQDOFORVXUHEXWWKHUHZHUHODUJHLQWHULQGLYLGXDOYDULDWLRQV
in concentrations. Little or no correlation was found between serum concentrations at the
HQGRIRSHUDWLRQDQGERG\ZHLJKW U ± RUSUHRSHUDWLYHVHUXPFUHDWLQLQH U  
(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).
,QWKHZRXQGÀXLGWKHPHGLDQFRQFHQWUDWLRQVZHUHDOODERYHWKH0,&EXWDIWHUK
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 concentrations of dicloxacillin in the wound postoperatively in some patients. If this is so, whether
RUQRWLWLVRIFOLQLFDOVLJQL¿FDQFHUHPDLQVWREHFODUL¿HG7KHLVVXHLVFRPSOH[VLQFHLWKDV
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
ÀXLGFRQFHQWUDWLRQVZHUHPXFKKLJKHUWKDQWKRVHLQVHUXPZLWKDSHDNPHGLDQRIPJ/
(Fig. 6).

Comment
Besides the synergistic effect on bacteria sensitive to intravenously administered antibiotics, 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.*HQWDPLFLQFRQFHQWUDWLRQVLQVHUXP XSSHUJUDSK DQGZRXQGÀXLG ORZHUJUDSK DIWHU
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
WKHWUHDWPHQWJURXS S 6LJQL¿FDQWO\IHZHUSDWLHQWVLQWKHWUHDWPHQWJURXSUHFHLYHG
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
VLJQL¿FDQWIRUVXSHU¿FLDOLQIHFWLRQV 7DEOH DQGIRUGHHSLQIHFWLRQVLQKLJKULVNJURXSV
'0%0,!7DEOH 

Table 9. Primary end point and general outcome
Outcome
Primary end point
All SWIs

Control Treatment
(n = 967) (n = 983)
no. (%)
no. (%)

RR (95% CI)

P value

87 (9.0)

42 (4.3)

0.47 (0.33 to 0.68)



174 (18.0)

114 (11.6)

0.64 (0.52 to 0.80)



38 (3.9)

21 (2.1)

0.54 (0.32 to 0.92)

0.021

Treatment
Antibiotic treatment
Surgically treated SWI*
6XEFODVVLÀFDWLRQV
Probable SWI

32 (3.3)

15 (1.5)

0.46 (0.25 to 0.84)

0.010

'H¿QLWH6:,

55 (5.7)

27 (2.7)

0.48 (0.31 to 0.76)

0.001

$OOVXSHU¿FLDO6:,V
Depth 1
Depth 2

55 (5.7)
14 (1.4)
41 (4.2)

19 (1.9)
8 (0.8)
11 (1.1)

0.34 (0.20 to 0.57)
0.56 (0.24 to 1.33)
0.26 (0.14 to 0.41)



All deep SWIs
Depth 3
Depth 4

32 (3.3)
17 (1.8)
15 (1.6)

23 (2.3)
10 (1.0)
13 (1.3)

0.71 (0.42 to 1.20)
0.58 (0.27 to 1.26)
0.85 (0.41 to 1.78)

0.20

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

5.1

7.8

25 (2.6)

31 (3.2)

General outcome

Postop rise in serum creatinine, median,
μmol/L
Mechanical ventilation for more than 48 h

*Any surgical revision of the wound
†Patients on haemodialysis preoperatively not included
55 UHODWLYHULVN&, FRQ¿GHQFHLQWHUYDO6:, VWHUQDOZRXQGLQIHFWLRQ
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Table 10. Incidence of sternal wound infections (SWI) in risk groups with diabetes mellitus or
increased BMI
Risk factor(s)
Diabetes*

BMI>25†

Number
(% of study
population)
354 (18.2)

1299 (66.6)

Depth of
infection

1385 (71.0)

RR (95% CI)

P value

6XSHU¿FLDO

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)

6XSHU¿FLDO

42/651 (6.45)

14/648 (2.16) 0.33 (0.18 to 0.61) 

Deep
Diabetes and/or
BMI>25

SWI/total in group (%)
Control
Treatment

6XSHU¿FLDO
Deep

0.028

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

0.050

46/687 (6.70)



14/698 (2.01) 0.43 (0.24 to 0.78)

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

0.047

*Treated with insulin or oral medication
:+2GH¿QLWLRQRIRYHUZHLJKW
55 UHODWLYHULVN&, FRQ¿GHQFHLQWHUYDO%0, ERG\PDVVLQGH[ NJP 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.
7KHPLFURELDO¿QGLQJVWKHLUUHODWLYHIUHTXHQFLHVZLWKLQWKHWUHDWPHQWDQGFRQWUROJURXSV
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.

Bacterial agent

Treatment (n = 983)
% of
infections in
the treatment
n (%)
group

Control (n = 967)
% of
infections in
the control
n (%)
group

P value

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 ORFDOJHQWDPLFLQSURSK\OD[LV&R16 FRDJXODVHQHJDWLYHVWDSK\ORFRFFL
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7KHUHZDVDVLJQL¿FDQWO\ORZHUIUHTXHQF\RIUHGQHVVDQGDORZHUIUHTXHQF\RIVHFUHWLRQ
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

Bacterial agents
S. aureus
CoNS
Gram-negative bacteria
P. acnes
Other or multiple
Negative or missing

Figure 7. The effect of the local gentamicin prophylaxis on different symptoms of SWI and on
GLIIHUHQWPLFURELRORJLFDODJHQWVH[SUHVVHGDVWKHUHODWLYHULVN 55 ZLWKFRQ¿GHQFHLQWHUvals (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 treatPHQWJURXSVUHVSHFWLYHO\ 7KHUHZHUH  Y  VXSHU¿FLDOVWHUQDOZRXQG
LQIHFWLRQV 66:,  3 DQG  Y  '6:, 3  LQWKHFRQWURO
and treatment groups, respectively.
Although the study was not powered to detect differences in subgroups, the reduction in
66:,LQWKHWUHDWPHQWJURXSZDVVLJQL¿FDQWDQGSDWLHQWVZLWKHVWDEOLVKHGULVNIDFWRUVIRU
LQIHFWLRQ '0DQGRULQFUHDVHG%0, VKRZHGDVLJQL¿FDQWUHGXFWLRQLQ'6:,. The trend
WRZDUGVDJUHDWHUUHGXFWLRQLQ66:,FRPSDUHGZLWK'6:,LVGLI¿FXOWWRLQWHUSUHWDV
LQGLFDWHGE\WKHZLGHFRQ¿GHQFHLQWHUYDOVLQHDFKVXEJURXS 7KHGLIIHUHQFHLVQRWTXLWH
VLJQL¿FDQWD&KLVTXDUHWHVWRID[WDEOHZLWKWKHLQFLGHQFHVRI66:,DQG'6:,JLYHV
DQXQFRUUHFWHG3YDOXHRI )URPDFOLQLFDOSHUVSHFWLYHWKHVLJQL¿FDQWGLIIHUHQFHLQ
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)
7KHUHZHUHQRVLJQL¿FDQWGLIIHUHQFHVLQPRUWDOLW\SRVWRSHUDWLYHULVHLQFUHDWLQLQHRUQHHG
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).
7KHUHZHUHVLJQL¿FDQWO\PRUHUHRSHUDWLRQVIRUEOHHGLQJLQWKHWUHDWPHQWJURXS Y
2.3%).

Adverse reactions
1RFDVHRIYHUL¿HGRUVXVSHFWHGDOOHUJLFRURWKHUDGYHUVHUHDFWLRQWRJHQWDPLFLQRUERYLQH
FROODJHQZDVLGHQWL¿HG

Comment
The increased incidence of reoperation for bleeding in the treatment group remains unexplained. 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
DWRQHRIWKHSDUWLFLSDWLQJFHQWUHV FHQWUH$ ZKHUHWKHPRVWUHPDUNDEOH¿QGLQJZDV
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
VLJQL¿FDQFHLQWKHPXOWLYDULDEOHPRGHOZKHQHQWHUHGDVDFDWHJRULVHGYDULDEOH 3  
EXW3IRUWUHQGZDV7KH3YDOXHVIRUWUHQGIRU%0,DQGDJHZHUHDQG
UHVSHFWLYHO\7KH+RVPHU/HPHVKRZJRRGQHVVRI¿WWHVWZDVQRQVLJQL¿FDQW 3  
ZKLFKUHSUHVHQWVDZHOO¿WWLQJPRGHO
In the univariable model emergency operation, steroid treatment, sex, and days of preopHUDWLYHKRVSLWDOLVDWLRQZHUHQRWVLJQL¿FDQWULVNIDFWRUV9DOYHVXUJHU\ZDVDVVRFLDWHGZLWK
DVLJQL¿FDQWO\ORZHULQFLGHQFHRI6:,FRPSDUHGZLWK&$%* 25 &, 
to 0.95) (not entered in the multivariable model).

(IIHFWRISURSK\OD[LVLQULVNJURXSV
There was a trend towards a larger relative risk reduction with the treatment in patients
ZLWK'0DQGRU%0,! )LJ DOWKRXJKWKHUHZHUHQRVWDWLVWLFDOO\VLJQL¿FDQWLQWHUactions 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

Age, years

50-59
60-69
70-79
>= 80

P
0.008 (0.004*)

1.55
2.09
1.09
ref
0.54

0.68 to 3.55
1.30 to 3.37
0.68 to 1.76

Diabetes, insulin/drug treated

1.72

1.13 to 2.62

0.011

COPD

1.70

0.88 to 3.30

0.11

/9()

2.04

1.09 to 3.82

0.025

Unilateral IMA
Bilateral IMA

1.83
5.15

1.12 to 2.99
1.44 to 18.45

0.016
0.012

BMI
 
25-30
>30

ref
1.25
2.61

0.77 to 2.02
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
2 hours or less
2 to 3 hours
3 to 4 hours
4 to 5 hours
more than 5 hours

0.36
0.65
ref
0.76
1.55

0.08 to 1.55
0.41 to 1.01

Treatment group

0.44

0.30 to 0.65

0.19 to 1.57

 

0.067 (0.016*)

0.43 to 1.33
0.79 to 3.04


*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.
%0, ERG\PDVVLQGH[NJP&23' FKURQLFREVWUXFWLYHSXOPRQDU\GLVHDVH
,0$ LQWHUQDOPDPPDU\DUWHU\/9() OHIWYHQWULFXODUHMHFWLRQIUDFWLRQ

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 bleedLQJDQGHPHUJHQF\RSHUDWLRQZHUHQRWVLJQL¿FDQWULVNIDFWRUVLQRXUVWXG\7KHORZHU
incidence of infections in older patients is also surprising. Use of one and of bilateral
PDPPDULDQDUWHULHVZHUHERWKVLJQL¿FDQWULVNIDFWRUV:HGLGQRWXVHWKHWHFKQLTXHRI
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 controlled 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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40%

BMI<25 kg/m²

n=86 (4.4%)

n=564 (28.9%)

25%
20%
15%
10%
5%

BMI 25-29.9 kg/m²

0%
40%
35%

n=762 (39.1%)

30%

n=165 (8.5%)

25%
20%
15%
10%
5%
0%
40%

BMI>= 30 kg/m²

Incindence of sternal wound infection

35%
30%

35%

n=103 (5.3%)

n=269 (13.9%)

30%
25%
20%
15%
10%
5%
0%

Control

Treatment

Control

Non diabetics

Treatment

Diabetics

Figure 8,QFLGHQFHRIVWHUQDOZRXQGLQIHFWLRQLQWKHFRQWURODQGWUHDWPHQWJURXSVVWUDWL¿HGE\
GLDEHWHV [D[LV DQG%0,FODVV \D[LV :KLVNHUVGHQRWHFRQ¿GHQFHLQWHUYDOVQ QXPEHU
of patients in each risk group (% of study population).

Cost of a sternal wound infection (III)
7KHPHDQFRVWRIDQ6:,ZDVDSSUR[LPDWHO\¼ PHGLDQ¼ ZLWKDUDQJH
IURPWR¼ 7DEOH 
A few of the SWIs accounted for a substantial part of the total cost (Fig. 9). The mean
FRVWRIRQH6:,ZDV¼LQWKHFRQWUROJURXSDQG¼LQWKHWUHDWPHQWJURXS
3  7KHPHDQFRVWIRUWKH6:,VUHTXLULQJVXUJLFDOUHYLVLRQZDV¼ 
¼DQG¼LQWKHFRQWURODQGWUHDWPHQWJURXSVUHVSHFWLYHO\>3 @ 

Comment
2XUHVWLPDWLRQRIWKHFRVWRIDQ6:,LVRQWKHVDPHOHYHODVPRVWRWKHUSXEOLVKHG¿JXUHV
(Table 1). Figure 9 highlights the large impact of a few very expensive infections. This is
LOOXVWUDWHGE\WKHIDFWIRUH[DPSOHWKDWWKHFRVW ¼ RIWKHVLQJOHPRVWH[SHQVLYH
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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Control
Treatment

Cost of the SWI, Euros

150,000

100,000

50,000

0
1

7
4

13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127
10 16 22 28 34 40 46 52 58 64 70 76 82 88 94 100 106 112 118 124

Case
Figure 9. Total cost in euro of the treatment of each of the 129 SWIs

Table 13. Cost effectiveness in different risk groups.

Cost per
No. of patient,
SWIs
euro*

Costdifference,
euro

Absolute
risk
reduction

Cost per
avoided
SWI†

Max. cost of
prophylaxis
for which there
is a positive
net balance,
euro

Group

n

All patients

Control
Treatment

967
983

87
42

1 117
1 052

-65

0.047

Dominant

316

Diabetes

Control
Treatment

174
180

30
10

3 373
2 183

-1190

0.117

Dominant

1441

BMI>25

Control
Treatment

651
648

71
30

1 506
1 257

-249

0.063

Dominant

500

BMI>25
and/or
diabetes

Control
Treatment

687

76

1 516

700

31

1 232

-284

0.066

Dominant

535

*Total cost of all the infections and of the prophylaxis in each group divided by the number of
patients in each group
&RVWSHUDYRLGHG6:,LVGH¿QHGDVWKHH[WUDFRVWRIWKHWUHDWPHQW FRVWGLIIHUHQFH GLYLGHGE\
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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Cost of prophylaxis in the study
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BMI>25 or diabetes
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Cost of prophylaxis, Euro
Figure 10. Net cost per operated patient in euro at different costs of the prophylaxis and the
LQÀXHQFHRIUHRSHUDWLRQVIRUEOHHGLQJ 9DOXHVEHORZ]HURPHDQDQHJDWLYHFRVWLHDQHWVDYH
/LQHVZLWKXQ¿OOHGPDUNHUVUHSUHVHQWFDOFXODWLRQVLQFOXGLQJHDUO\UHRSHUDWLRQVIRUEOHHGLQJ

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 prophyOD[LVRIa¼ZKHQDSSOLHGWRDOOSDWLHQWV
)LJXUHVKRZVWKHLQÀXHQFHRIWKHFRVWRIWKHSURSK\OD[LVRQWKHQHWEDODQFHDSSO\LQJ
the actual costs of the SWIs from Table 13. As shown, the inclusion of reoperations for
EOHHGLQJLQWKHDQDO\VLVRQO\PDUJLQDOO\LQÀXHQFHGWKHQHWEDODQFH

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 effective 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
KLJKHVWPHDQFRVWIRUWKHLUWUHDWPHQW ¼ 7KHUHZHUHIHZOHVVVHULRXV DQGIHZ
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 infections 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
WKUHH6:,VZLWKDWUHDWPHQWFRVWH[FHHGLQJ¼ZHUHFDXVHGE\&R16 )LJ 
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Gram-negative bacteria
Other or multiple species
CoNS
P. acnes
Negative or missing culture

Figure 11. Cost of the treatment of each of the sternal wound infections. CoNS = coagulasenegative 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
7KHWLPLQJRIWKH¿UVWPDQLIHVWDWLRQRIV\PSWRPVRI6:,FRXOGEHHVWDEOLVKHGLQRI
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
E\*UDPQHJDWLYHEDFWHULD PHGLDQGD\VUDQJH±GD\V DQGORQJHVWIRUWKRVHLQIHFtions caused by S. aureus PHGLDQGD\VUDQJH±GD\V )LJ 

¡

Negative or missing culture

Bacterial culture

Other or multiple species

P. acnes

Deep
Superficial

¡

Gram-negative bacteria

CoNS

¡

¡

S. aureus
7

14

21

28

35

42

49

56

63

Days

Figure 12.7LPHLQGD\VIURPWKHRSHUDWLRQWRWKH¿UVWV\PSWRPVRIVWHUQDOZRXQGLQIHFWLRQLQ
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¿FLDOLQIHFWLRQV$OOPLFURELRORJLFDODJHQWVEXWSDUWLFXODUO\&R16VKRZHGDZLGHVSDQ
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. acnesEHORQJWRWKHQRUPDOVNLQÀRUDDQGDUHDJHQWVZLWKDORZYLUXOHQFH
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SRWHQWLDO+HQFHLWLVSRVVLEOHWKDWKRVWIDFWRUVVXFKDVXQVWDEOHVWHUQDO¿[DWLRQSOD\DQ
LPSRUWDQWUROHLQWKHSDWKRJHQHVLVRIWKHVHLQIHFWLRQVDOWKRXJK&R16±XQOLNHP. acnes
±FDXVHGDVXEVWDQWLDOSURSRUWLRQRIFOLQLFDOO\VHYHUH6:,V PHDVXUHGDVWKHFRVWRIWKH
WUHDWPHQW)LJ :LWKWKHH[FHSWLRQRIRQHSDWLHQW LQWKHFRQWUROJURXS DOOSDWLHQWV
ZLWKV\PSWRPVRIVWHUQDOGHKLVFHQFHWKDWUHTXLUHGUH¿[DWLRQZHUHFODVVL¿HGDVKDYLQJDQ
SWI. This low incidence of pure mechanical sternal instability was another fact motivatLQJWKHSRVWKRFDQDO\VHVRIWKHLQÀXHQFHRIWKHQXPEHURIVWHUQDO¿[DWLRQZLUHVRQWKH
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
6:,VFDXVHGE\VWDSK\ORFRFFDOVSHFLHVIRUPHWKLFLOOLQGDWDZHUHDYDLODEOHLQRXWRI
cases (81%). All tested S. aureus isolates were susceptible to both gentamicin and methiFLOOLQ7KHUHZDVDVLJQL¿FDQWGLIIHUHQFHLQWKHQXPEHURI6:,VFDXVHGE\JHQWDPLFLQ
VXVFHSWLEOH&R16 LQWKHFRQWUROJURXSDQG¿YHLQWKHWUHDWPHQWJURXS3  EXW
QRWLQWKHQXPEHUFDXVHGE\JHQWDPLFLQUHVLVWDQW&R16 VL[DQG¿YH6:,VLQWKHWUHDWment 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
EHFDXVHRI6:,7KH0,&YDOXHVUDQJHGIURPWRPJ/1R&R16ZLWKKLJK
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
&R16 FRDJXODVHQHJDWLYHVWDSK\ORFRFFL5 UHVLVWDQW6 VXVFHSWLEOH

Comment
There was a parallel reduction in SWI caused by methicillin-susceptible and methicillin-resistant CoNS strains. A similar reduction in MRSA infections would be of clinical
importance, especially since the results from studies on routine iv vancomycin prophylaxis in cardiac surgery have been disappointing (94). However, there were no cases
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RI056$LQRXUVWXG\7KHSURSK\OD[LVQHLWKHULQFUHDVHGQRUVLJQL¿FDQWO\UHGXFHG
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.

,QÀXHQFHRIVWHUQDO¿[DWLRQRQRFFXUUHQFHRIVWHUQDOZRXQGLQIHFWLRQ 9
There was an approximately 90% relative reduction in the incidence of DSWI in the XW
JURXSFRPSDUHGWRWKH67JURXSDGLIIHUHQFHZKLFKZDVKLJKO\VLJQL¿FDQWEXWWKHUH
was no difference in SSWI (Table 14). The reduction in DSWI associated with extra-rigid
¿[DWLRQZDVHYLGHQWRQO\ZKHQWKHDGGLWLRQDOVWHUQDOZLUHVZHUHFRPELQHGZLWKORFDO
JHQWDPLFLQVHHEHORZ
Table 14.7KHHIIHFWRIDGGLWLRQDOVWHUQDO¿[DWLRQZLUHV,QFLGHQFHRIVWHUQDOZRXQGLQIHFWLRQV
(SWIs) in the ST group (with six or fewer sternal wires) and XW group (with seven or more sternal wires) at centre A.
XW grou p
(n = 264)
n (%)
All SWIs

13 (4.9)

ST group
(n = 741)
n (%) 0

Relative risk
(95% CI)
1 ST better
XW better

59 (8.0)

P value
2

0.13

SSWI
12 (4.5)
28 (3.8)
Depth 1 (skin)
3 (1.1)
10 (1.3)
Depth 2 (subcutis)
9 (3.4)
18 (2.4)
DSWI
1 (0.4)
31 (4.2)
Depth 3 (sternum)
1 (0.4)
13 (1.7)
Depth 4 (mediastinum)
0 (0.0)
18 (2.4)
DSWI = deep sternal wound infection; SSWI = superficial sternal wound infection.
CI = confidence interval.

0.58
1.00
0.40
0.002
0.13
0.006

Comment
7KHXVHRIVHYHQRUPRUHVWHUQDO¿[DWLRQZLUHV ;:JURXS ZDVDVVRFLDWHGZLWKDPDUNHG
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 closure, 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
DWFHQWUH$DQGFRXOGWKHRUHWLFDOO\KDYHEHHQUHODWHGWROHVVULJLGVWHUQDO¿[DWLRQWKH
incidence rates of reoperation in the ST group were compared with those in the rest of
WKHSDWLHQWV$JDLQWKHORZLQFLGHQFHLQWKHFRQWUROJURXSZDVWKHPRVWVWULNLQJ¿QGLQJ
The incidence of reoperation among the patients in the ST group was 0.8% in the control
JURXSDQGLQWKHWUHDWPHQWJURXSDPRQJWKHUHVWRIWKHSDWLHQWVDQG
respectively (unpublished). Since the sternal wires were counted after the reoperation
±DQGFRXOGKDYHEHHQDOWHUHGDWWKHUHRSHUDWLRQ±WKHGDWDDUHQRWFRQFOXVLYH
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,QÀXHQFHRIVWHUQDO¿[DWLRQRQWKHHI¿FDF\RIORFDOJHQWDPLFLQSURSK\OD[LV 9
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],
3 7KHUHZDVDSDUDOOHOUHGXFWLRQLQWKHLQFLGHQFHRI6:,DWDOOIRXUGHSWKV )LJ 
The incidences of SSWI in the treatment and control groups were 1.8% and 5.9%
55 >&, WR@3 DQGWKHLQFLGHQFHVRI'6:,ZHUH
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 anaO\VHG7KHUHZDVDVLJQL¿FDQWO\ORZHULQFLGHQFHRI66:,LQWKHWUHDWPHQWJURXSWKDQLQ
the control group with rates of 2.2% and 5.3%, respectively (RR = 0.40 [95% CI = 0.18 to
@3  ZKHUHDVQRVLJQL¿FDQWGLIIHUHQFHZDVQRWHGLQ'6:, WUHDWPHQWJURXS
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.

reduction

RR (95% CI)

increase

All SWI
Superficial SWI
Deep SWI

Skin
Subcutis
Sternum
Mediastinum
0

0,5

1

1,5

2

Figure 14. The effect of local gentamicin as prophylaxis on the incidence of sternal wound
LQIHFWLRQV 6:,V DWWKHIRXUGLIIHUHQWGHSWKVLQSDWLHQWVZLWKH[WUDULJLGGLVWDOVWHUQDO¿[DWLRQ7KH¿JXUHVKRZVWKHUHODWLYHULVN 55 IRU6:,ZLWKFRQ¿GHQFHLQWHUYDOV &, 

Comment:
Local collagen-gentamicin as prophylaxis was associated with an approximately 70% relative reduction in the incidence of all depths of SWIs when the ST group was excluded from
WKHWRWDOSDWLHQWSRSXODWLRQ7KHUHGXFWLRQLQ'6:,DVZHOODVLQ66:,ZDVVLJQL¿FDQW
$OWKRXJKWKHUHVXOWVZHUHVWDWLVWLFDOO\KLJKO\VLJQL¿FDQWWKHOLPLWDWLRQVFRQQHFWHGZLWKSRVW
hoc analyses like this, commented on in the methods section, should be kept in mind.
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Prophylactic effect of local gentamicin
Local application of collagen-gentamicin as prophylaxis was associated with a statistically
VLJQL¿FDQWUHODWLYHUHGXFWLRQ DEVROXWHUHGXFWLRQ LQWKHLQFLGHQFHRI6:,DIWHU
sternotomy in an unselected population of cardiac surgery patients when evaluated in an
5&7$OWKRXJKWKHGLIIHUHQFHGLGQRWUHDFKVWDWLVWLFDOVLJQL¿FDQFHUHJDUGLQJ'6:,LQ
DOOSDWLHQWVWKHUHZDVDVLJQL¿FDQWUHGXFWLRQLQ'6:,LQULVNJURXSVIRU6:, %0,!
kg/m 2 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
PXOWLYDULDEOHDQDO\VLV,QSDWLHQWVZLWKH[WUDULJLGVWHUQDO¿[DWLRQWKHUHZDVDVLJQL¿FDQW
approximately 70% reduction in both SSWI and DSWI.
1RVLJQL¿FDQWLPSDLUPHQWLQSRVWRSHUDWLYHUHQDOIXQFWLRQRURWKHUDGYHUVHHIIHFWVRIWKH
treatment were noted.
The late manifestation of most SWIs and the 9% total incidence in the control group
DUHQRWDEOH IRXURXWRI¿YH6:,VZHUHGHWHFWHGDIWHUGLVFKDUJHIURPWKHFDUGLRWKRUDFLF
FHQWUH EXWDUHLQDFFRUGDQFHZLWKWKH¿QGLQJVLQRWKHUVWXGLHVZLWKFRPSOHWHIROORZXS
(3, 10, 107). A follow-up with recording of all SWIs up to discharge from the cardiothoUDFLFXQLWQRWRQO\XQGHUHVWLPDWHVWKHPDJQLWXGHRIWKHSUREOHPLWDOVRFDUULHVDULVNRI
providing a skewed picture, with an overrepresentation of Gram-negative infections.
7KHUHZDVDUHGXFWLRQLQ6:,VFDXVHGE\DOOPDMRUEDFWHULDODJHQWVDQGWKHVLJQL¿FDQWUHGXFtion in SWIs caused by CoNS, the dominating agent, is paramount. One aim of applying local
JHQWDPLFLQZDVWR¿QGDQHFRORJLFDOO\DSSHDOLQJDQGDWWKHVDPHWLPHHIIHFWLYHDOWHUQDWLYH
to vancomycin as prophylaxis for SWIs caused by MRSE and MRSA. The analyses of antibiotic 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
QR056$LQIHFWLRQVLQRXUVWXG\KRZHYHUVXUJLFDOZRXQGLQIHFWLRQVFDXVHGE\056$
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
DQGZRXQGÀXLGDWVWHUQDOFORVXUHWKDWZHUHVXI¿FLHQWO\KLJKWRSUHYHQWLQIHFWLRQVZLWK
methicillin susceptible staphylococci, although it cannot be excluded that mediastinal concentrations just below the MIC for staphylococci may have occurred in individual patients
GXULQJWKH¿UVWKRXUVSRVWRSHUDWLYHO\7KHDSSOLFDWLRQRIFROODJHQVSRQJHVFRQWDLQLQJ
a total amount of 260 mg of gentamicin between the sternal halves before sternal closure
UHVXOWHGLQH[WUHPHO\KLJKJHQWDPLFLQFRQFHQWUDWLRQVLQWKHZRXQGÀXLGGXULQJWKH¿UVW
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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7KHFOLQLFDOUHOHYDQFHRIWKHOHYHOVRIDQWLELRWLFVLQWKHPHGLDVWLQDOÀXLGDIWHUFORVXUHRI
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 intraoperatively, 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 prophylaxis (> 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 subcutaneous 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
WKHUDS\LQWHUYHQWLRQVLQFHLWERWKEHQH¿WVWKHSDWLHQWDQGVDYHVPRQH\7KXVRQWKHEDVLV
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/m 2 might be
PRUHFRVWHIIHFWLYH1RGDWDVXSSRUWDQ\EHQH¿WVRIVHOHFWLYHXVHLQDQ\RWKHUSDUWLFXODU
risk groups.

Issues of consideration
7KHHIIHFWRQGHHSDQGVXSHU¿FLDOVWHUQDOZRXQGLQIHFWLRQ
/RFDOFROODJHQJHQWDPLFLQSURSK\OD[LVZDVDVVRFLDWHGZLWKDVLJQL¿FDQWUHGXFWLRQLQ
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 of
DSWI than in that of SSWI, although the 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
ZLUHDQGWKHLPSDFWRIWKLVH[WUDZLUHRQWKHVWUHQJWKRIWKH¿[DWLRQKDVVXSSRUWLQWKH
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literature (55). These results all suggest that in a substantial proportion of cases the mechaQLVPXQGHUO\LQJWKHGHYHORSPHQWRI'6:,ZDVLQVWDELOLW\RIVWHUQDO¿[DWLRQUDWKHUWKDQ
primary bacterial infection.
7KH¿QGLQJWKDWWKHZHDNHUHIIHFWRQ'6:,ZDVUHVWULFWHGWRWKH67JURXSLVWKHUHIRUHSHUWLnent, and the application of collagen sponges between the sternal halves may require particular
DWWHQWLRQUHJDUGLQJWKHVWDELOLW\RIWKH¿[DWLRQWRUHDFKDIXOOSURSK\ODFWLFHIIHFWRQ'6:,
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. acnesEHORQJWRWKHQRUPDOVNLQÀRUDDQGDUHDJHQWVZLWKDORZYLUXOHQFHSRWHQWLDO
+HQFHLWLVSRVVLEOHWKDWKRVWIDFWRUVVXFKDVHYHQDVXEWOHLQVWDELOLW\LQWKHVWHUQDO¿[DWLRQ
play an important role in the pathogenesis of these infections. It is also conceivable that in
earlier reports, P. acnesDVZHOODV&R16±EHLQJSDUWVRIWKHUHVLGHQWPLFURÀRUDRIWKH
VNLQ±PD\QRWKDYHEHHQUHFRJQLVHGDQGUHSRUWHGDVVLJQL¿FDQWSDWKRJHQV

The increase in reoperation for bleeding
)XUWKHUDQDO\VHVKDYHSURYLGHGQRH[SODQDWLRQIRUWKLVXQH[SHFWHG¿QGLQJ7KHGLIIHUHQFH
ZDVHYLGHQWRQO\DWFHQWUH$ZKHUHWKHPRVWUHPDUNDEOH¿QGLQJZDVWKHH[FHSWLRQDOO\
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 application 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
SDUWLFXODUDWWHQWLRQFRQFHUQLQJWKHVXUJLFDOWHFKQLTXHDWVWHUQDO¿[DWLRQDQGDZDUHQHVVRI
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
DPRQJVWDSK\ORFRFFLYDULHVSUHVXPDEO\DVDUHÀHFWLRQRIDPLQRJO\FRVLGHXVDJHSDWWHUQV
(112-114). High incidence rates of aminoglycoside resistance have been reported especially
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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 reducWLRQLQWKHQXPEHURI6:,VFDXVHGE\&R16LVRODWHVFODVVL¿HGDVJHQWDPLFLQUHVLVWDQW
according to the break point b4 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
7KHDGYHUVHLPSDFWRI66,VLQWHUPVRI¿QDQFLDODQGFOLQLFDOFRQVHTXHQFHVDPRQJDOO
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
GHVHUYHVHYDOXDWLRQLQ5&7VLQRWKHU¿HOGVRIFOHDQDVZHOODVFRQWDPLQDWHGVXUJHU\DOVR
in environments with a high prevalence of methicillin-resistant staphylococci.
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Conclusions
v

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
EORRGDQGZRXQGÀXLGDWVWHUQDOFORVXUH

v

Local application of collagen-gentamicin resulted in exceptionally high gentamicin levels
LQWKHZRXQGÀXLGGXULQJWKH¿UVWSRVWRSHUDWLYHKRXUVEXWORZVHUXPOHYHOV

v

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

DVWDWLVWLFDOO\VLJQL¿FDQWDSSUR[LPDWHO\UHGXFWLRQLQWKHLQFLGHQFHRI6:,DIWHU
sternotomy in an unselected cardiac surgery patient population
DUHGXFWLRQLQDOOGHSWKVRILQIHFWLRQWKLVZDVVWDWLVWLFDOO\VLJQL¿FDQWLQVXSHU¿FLDO
infections and, in risk groups (BMI > 25 kg/m 2 and/or DM), in deep infections
a reduced incidence of SWIs caused by all major, clinically important microbiological
agents except P. acnes
parallel reductions in SWIs caused by methicillin-susceptible and methicillin-resistant
CoNS strains

v

,QSDWLHQWVZLWKH[WUDULJLGGLVWDOVWHUQDO¿[DWLRQORFDOFROODJHQJHQWDPLFLQSURSK\OD[LV
resulted in an approximately 70 % reduction in all depths of infection

v

The application of collagen sponges between the sternal halves may require particular
DWWHQWLRQUHJDUGLQJWKHVWDELOLW\RIWKH¿[DWLRQ

v

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

v )RXURXWRI¿YH6:,VZHUHGHWHFWHGDIWHUGLVFKDUJHDQGUHOLDEOH¿JXUHVIRUWKHWRWDOUDWHRI
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

v

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

v

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

v 7KHPHDQFRVWRIDQ6:,IRUWKHKHDOWKFDUHSURYLGHUZDV¼ZLWKDUDQJHIURP
WR¼

v

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

v

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/m 2
might be more cost effective
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Nothing shocks me. I’m a scientist.
Harrison Ford, as Indiana Jones
in Indiana Jones and the Temple of Doom (1984)

58

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.
,QIHFW&RQWURO+RVS(SLGHPLRO  
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
,QWHUQ0HG  
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
¶$6(36,6¶LQSRVWRSHUDWLYHZRXQGVXUYHLOODQFH-+RVS,QIHFW  
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
SHULRG,QIHFW&RQWURO+RVS(SLGHPLRO  
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
  
 5LGGHUVWROSH/*LOO+*UDQIHOGW+$KOIHOGW+5XWEHUJ+6XSHU¿FLDODQGGHHSVWHUnal 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
6XUJ  
9.
Losanoff JE, Richman BW, Jones JW. Disruption and infection of median sternotomy: a
FRPSUHKHQVLYHUHYLHZ(XU-&DUGLRWKRUDF6XUJ  
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
LQIHFWLRQLQFRURQDU\DUWHU\VXUJHU\(XU-&DUGLRWKRUDF6XUJ  
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
UHODWLRQEHWZHHQLQIHFWLRQRIERQHDQGLQWHUQDO¿[DWLRQ,QMXU\  
 )ULEHUJ%)ULEHUJ6%XUPDQ/*/XQGKROP52VWHQVVRQ5,QHI¿FLHQF\RIXSZDUG
GLVSODFHPHQWRSHUDWLQJWKHDWUHYHQWLODWLRQ-+RVS,QIHFW  
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
YHQWLODWLRQ-+RVS,QIHFW  
 (O2DNOH\50:ULJKW-(3RVWRSHUDWLYHPHGLDVWLQLWLVFODVVL¿FDWLRQDQGPDQDJHPHQW
$QQ7KRUDF6XUJ  

59

References

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
0LFURELRO  
17. Tang GH, Maganti M, Weisel RD, Borger MA. Prevention and management of deep sterQDOZRXQGLQIHFWLRQ6HPLQ7KRUDF&DUGLRYDVF6XUJ  
18. Tegnell A, Aren C, Öhman L. Coagulase-negative staphylococci and sternal infections
DIWHUFDUGLDFRSHUDWLRQ$QQ7KRUDF6XUJ  
19. Gårdlund B, Bitkover CY, Vaage J. Postoperative mediastinitis in cardiac surgery - microELRORJ\DQGSDWKRJHQHVLV(XU-&DUGLRWKRUDF6XUJ  
20. Richet HM, McNeil MM, Davis BJ, Duncan E, Strickler J, Nunley D, Jarvis WR, Tablan
OC. Aspergillus fumigatus sternal wound infections in patients undergoing open heart
VXUJHU\$P-(SLGHPLRO  
21. Rivas P, Gorgolas M, Gimena B, Sousa J, Fernandez-Guerrero ML. Sternal tuberculosis
DIWHURSHQKHDUWVXUJHU\6FDQG-,QIHFW'LV  
22. Achouh P, Aoun N, Hagege A, Fabiani JN. Mediastinitis due to Mycobacterium tubercuORVLVDIWHUDUHGRRSHQKHDUWVXUJHU\-&DUGLRYDVF6XUJ 7RULQR   
 0DURWR/&$JXDGR-0&DUUDVFDO<5RGULJXH]-(&RUWLQD-05X¿ODQFKDV--
Fulminant mediastinitis due to Streptococcus pneumoniae following cardiac surgery:
UHSRUWRIDFDVH&OLQ,QIHFW'LV  
24. Czachor JS, Hawley HB. Anaerobic wound infection: Bacteroides mediastinitis after carGLRYDVFXODUVXUJHU\+HDUW/XQJ  
25. Antunes PE, Bernardo JE, Eugenio L, de Oliveira JF, Antunes MJ. Mediastinitis after
DRUWRFRURQDU\E\SDVVVXUJHU\(XU-&DUGLRWKRUDF6XUJ  
26. Ivert T, Lindblom D, Sahni J, Eldh J. Management of deep sternal wound infection after
FDUGLDFVXUJHU\+DQXPDQV\QGURPH6FDQG-7KRUDF&DUGLRYDVF6XUJ  
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,
PRUELGLW\DQGFRVWRIFDUH$QQ7KRUDF6XUJ  
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
&DUGLRWKRUDF6XUJ  
29. Sjogren J, Nilsson J, Gustafsson R, Malmsjo M, Ingemansson R. The Impact of VacuumAssisted Closure on Long-Term Survival After Post-Sternotomy Mediastinitis. Ann
7KRUDF6XUJ  
30. Milano CA, Kesler K, Archibald N, Sexton DJ, Jones RH. Mediastinitis After Coronary Artery
%\SDVV*UDIW6XUJHU\5LVN)DFWRUVDQG/RQJWHUP6XUYLYDO&LUFXODWLRQ  
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.
&KHVW  
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
DQGZLWKRXWPHGLDVWLQLWLV6HPLQ7KRUDF&DUGLRYDVF6XUJ  

60

References

33.

Lidwell OM, Lowbury EJ, Whyte W, Blowers R, Stanley SJ, Lowe D. Airborne contamination of wounds in joint replacement operations: the relationship to sepsis rates. J Hosp
,QIHFW  
34. Whyte W, Lidwell OM, Lowbury EJ, Blowers R. Suggested bacteriological standards for
DLULQXOWUDFOHDQRSHUDWLQJURRPV-+RVS,QIHFW  
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--bacteriological and particulate matter control garment options for low level contamination. Eur
-&DUGLRWKRUDF6XUJ  
 +RZRUWK)+3UHYHQWLRQRIDLUERUQHLQIHFWLRQGXULQJVXUJHU\/DQFHW  
37. Socialstyrelsen. SoS rapport 1998:12. Att förebygga infektioner i vården II: The National
%RDUGRI+HDOWKDQG:HOIDUH
38. Lidwell OM. Ultraviolet radiation and the control of airborne contamination in the operatLQJURRP-+RVS,QIHFW  
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
SURSK\OD[LV-+RVS,QIHFW  
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
6XUJ  
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
IDFWRUIRUZRXQGLQIHFWLRQVDIWHUFDUGLDFVXUJHU\-,QIHFW'LV  
43. VandenBergh MF, Kluytmans JA, van Hout BA, Maat AP, Seerden RJ, McDonnel J,
Verbrugh HA. Cost-effectiveness of perioperative mupirocin nasal ointment in cardiothoUDFLFVXUJHU\,QIHFW&RQWURO+RVS(SLGHPLRO  
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
6XUJ  
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
LQFRQVHFXWLYHDGXOWSDWLHQWV7KRUDF&DUGLRYDVF6XUJ  
46. Nishida H, Grooters RK, Merkley DF, Thieman KC, Soltanzadeh H. Postoperative mediastinitis: a comparison of two electrocautery techniques on presternal soft tissues. J
7KRUDF&DUGLRYDVF6XUJ  
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
LQIHFWLRQUDWH-7KRUDF&DUGLRYDVF6XUJ  
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
6XUJ  

61

References

49.

Crabtree TD, Codd JE, Fraser VJ, Bailey MS, Olsen MA, Damiano RJ, Jr. Multivariate
DQDO\VLVRIULVNIDFWRUVIRUGHHSDQGVXSHU¿FLDOVWHUQDOLQIHFWLRQDIWHUFRURQDU\DUWHU\E\SDVV
JUDIWLQJDWDWHUWLDU\FDUHPHGLFDOFHQWHU6HPLQ7KRUDF&DUGLRYDVF6XUJ  
 .RXU\0(OOLV(UG5LJLGLQWHUQDO¿[DWLRQIRUWKHWUHDWPHQWRILQIHFWHGPDQGLEXODU
IUDFWXUHV-2UDO0D[LOORIDF6XUJ  
51. Worlock P, Slack R, Harvey L, Mawhinney R. The prevention of infection in open fracWXUHVDQH[SHULPHQWDOVWXG\RIWKHHIIHFWRIIUDFWXUHVWDELOLW\,QMXU\  
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?
$\HDUUHYLHZ$QQ7KRUDF6XUJ  
54. Dahlin L-G, Granfeldt H, Hultkvist H. A multimodal approach for reducing wound infecWLRQVDIWHUVWHUQRWRP\,QWHUDFW&DUGLRYDVF7KRUDF6XUJ
55. Dasika UK, Trumble DR, Magovern JA. Lower sternal reinforcement improves the stabilLW\RIVWHUQDOFORVXUH$QQ7KRUDF6XUJ  
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
SDWLHQWVHULHV-7KRUDF&DUGLRYDVF6XUJ  
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
+RVS(SLGHPLRO  
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 comPHQWV@1(QJO-0HG  
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 perioperative oxygen and the risk of surgical wound infection: a randomized controlled trial.
-DPD  
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
FRORUHFWDOVXUJHU\"0LQHUYD$QHVWHVLRO  
62. Pryor KO, Fahey TJ, 3rd, Lien CA, Goldstein PA. Surgical site infection and the routine
use of perioperative hyperoxia in a general surgical population: a randomized controlled
WULDO-DPD  
63. Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, Lindorff-Larsen K,
Rasmussen MS, Lanng C, Wallin L, Iversen LH, Gramkow CS, Okholm M, Blemmer T,
Svendsen PE, Rottensten HH, Thage B, Riis J, Jeppesen IS, Teilum D, Christensen AM,
*UDXQJDDUG%3RWW)(IIHFWVRILQWUDYHQRXVÀXLGUHVWULFWLRQRQSRVWRSHUDWLYHFRPSOLFDWLRQVFRPSDULVRQRIWZRSHULRSHUDWLYHÀXLGUHJLPHQVDUDQGRPL]HGDVVHVVRUEOLQGHG
PXOWLFHQWHUWULDO$QQ6XUJ  

62

References

64.

65.

66.

67.

68.

69.

70.
71.

72.
73.
74.

75.

76.

77.
78.

79.

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 coroQDU\DUWHU\E\SDVVJUDIWLQJ-7KRUDF&DUGLRYDVF6XUJ  
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
VXUJLFDOSURFHGXUHV$QQ7KRUDF6XUJ  
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 critiFDOO\LOOSDWLHQWV1(QJO-0HG  
Kullberg BJ, Mattie H, Huysmans HA, van Furth R. Evaluation of cloxacillin concentrations in plasma and muscle tissue during cardiopulmonary bypass. Scand J Infect Dis
  
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
  
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
&DUGLRYDVF6XUJ  
Aberg B, Ransjo U. Serum levels of cloxacillin and benzylpenicillin in adults undergoing
RSHQKHDUWVXUJHU\6FDQG-7KRUDF&DUGLRYDVF6XUJ  
Frank U, Schmidt-Eisenlohr E, Schlosser V, Spillner G, Schindler M, Daschner FD.
&RQFHQWUDWLRQVRIÀXFOR[DFLOOLQLQKHDUWYDOYHVDQGVXEFXWDQHRXVDQGPXVFOHWLVVXHVRI
SDWLHQWVXQGHUJRLQJRSHQKHDUWVXUJHU\$QWLPLFURE$JHQWV&KHPRWKHU  
Farrington M, Fenn A, Phillips I. Flucloxacillin concentration in serum and wound exuGDWHGXULQJRSHQKHDUWVXUJHU\-$QWLPLFURE&KHPRWKHU  
Kreter B, Woods M. Antibiotic prophylaxis for cardiothoracic operations. Meta-analysis
RIWKLUW\\HDUVRIFOLQLFDOWULDOV-7KRUDF&DUGLRYDVF6XUJ  
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
-0HG  
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?
-7KRUDF&DUGLRYDVF6XUJ  
Harbarth S, Samore MH, Lichtenberg D, Carmeli Y. Prolonged antibiotic prophylaxis
after cardiovascular surgery and its effect on surgical site infections and antimicrobial
UHVLVWDQFH&LUFXODWLRQ  
Parry GW, Holden SR, Shabbo FP. Antibiotic prophylaxis for cardiac surgery: current
8QLWHG.LQJGRPSUDFWLFH%U+HDUW-  
Markewitz A, Schulte HD, Scheld HH. Current practice of peri- and postoperative antibiotic therapy in cardiac surgery in Germany. Working Group on Cardiothoracic Surgical
Intensive Care Medicine of the German Society for Thoracic and Cardiovascular Surgery.
7KRUDF&DUGLRYDVF6XUJ  
Kriaras I, Michalopoulos A, Michalis A, Palatianos G, Economopoulos G,
Anagnostopoulos C, Geroulanos S. Antibiotic prophylaxis in cardiac surgery.
-&DUGLRYDVF6XUJ 7RULQR   
63

References

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
LQIHFWLRQLQFDUGLRWKRUDFLFVXUJHU\SDWLHQWV-$QWLPLFURE&KHPRWKHU  
 ,QIHFWLRQSURSK\OD[LVLQVXUJHU\:RUNVKRS0HGLFDO3URGXFWV$JHQF\6ZHGHQDQG7KH
1RUZHJLDQ0HGLFLQHV&RQWURO$XWKRULW\
82. Dellinger EP, Gross PA, Barrett TL, Krause PJ, Martone WJ, McGowan JE, Jr., Sweet RL,
Wenzel RP. Quality standard for antimicrobial prophylaxis in surgical procedures. The
,QIHFWLRXV'LVHDVHV6RFLHW\RI$PHULFD,QIHFW&RQWURO+RVS(SLGHPLRO  
83. Woods M, Tillman D. Antibiotic prophylaxis in cardiothoracic surgery 1990: results of a
WKLUGVXUYH\+RVS3KDUP  
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
)URPWKH1DWLRQDO6XUJLFDO,QIHFWLRQ3UHYHQWLRQ3URMHFW$UFK6XUJ  
85. Hall JC, Christiansen K, Carter MJ, Edwards MG, Hodge AJ, Newman MA, Nicholls TT,
+DOO-$QWLELRWLFSURSK\OD[LVLQFDUGLDFRSHUDWLRQV$QQ7KRUDF6XUJ  
86. Kaiser AB, Petracek MR, Lea JWt, Kernodle DS, Roach AC, Alford WC, Jr., Burrus
*5*ODVVIRUG'0-U7KRPDV&6-U6WRQH\:6(I¿FDF\RIFHID]ROLQFHIDPDQGROH
and gentamicin as prophylactic agents in cardiac surgery. Results of a prospective, randRPL]HGGRXEOHEOLQGWULDOLQSDWLHQWV$QQ6XUJ  
87. Mekontso-Dessap A, Kirsch M, Brun-Buisson C, Loisance D. Poststernotomy mediastinitis due to Staphylococcus aureus: comparison of methicillin-resistant and methicillin-susFHSWLEOHFDVHV&OLQ,QIHFW'LV  
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
VXUJLFDOXQLW-7KRUDF&DUGLRYDVF6XUJ  
89. Cartolano GL, Cheron M, Benabid D, Leneveu M, Boisivon A. Methicillin-resistant
Staphylococcus aureus (MRSA) with reduced susceptibility to glycopeptides (GISA) in 63
)UHQFKJHQHUDOKRVSLWDOV&OLQLFDO0LFURELRORJ\DQG,QIHFWLRQ  
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.
-$QWLPLFURE&KHPRWKHU  
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 vancomycinresistant Staphylococcus aureus containing the vanA resistance gene. N Engl J Med
  
93. Chambers HF. Methicillin resistance in staphylococci: molecular and biochemical basis
DQGFOLQLFDOLPSOLFDWLRQV&OLQ0LFURELRO5HY  
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
DIWHU&DUGLDF6XUJHU\$0HWDDQDO\VLV&OLQ,QIHFW'LV
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
64

References

96.
97.

98.

99.

100.

101.

102.

103.
104.

105.

106.

107.
108.

109.

110.

prevalence of methicillin-resistant staphylococcal infections. J Thorac Cardiovasc Surg
  
Leyh RG, Bartels C, Sievers HH. Adjuvant treatment of deep sternal wound infection with
FROODJHQRXVJHQWDP\FLQ$QQ7KRUDF6XUJ  
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

Karlowsky JA, Jones ME, Draghi DC, Thornsberry C, Sahm DF, Volturo GA. Prevalence
and antimicrobial susceptibilities of bacteria isolated from blood cultures of hospitalized
SDWLHQWVLQWKH8QLWHG6WDWHVLQ$QQ&OLQ0LFURELRO$QWLPLFURE  
Coker AO. A study of synergism between cloxacillin and gentamicin on resistant staphylococci (penicillinase producing and gentamicin resistant). East Afr Med J
  
Tsuji BT, Rybak MJ. Short-course gentamicin in combination with daptomycin or vancomycin against Staphylococcus aureus in an in vitro pharmacodynamic model with simuODWHGHQGRFDUGLDOYHJHWDWLRQV$QWLPLFURE$JHQWV&KHPRWKHU  
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
6XUJ  
Swedish Central Bank. Yearly average 2003, from the Riksbank’s calculations of the
monthly and annual averages of the Stockholm Stock Exchange (Stockholmsbörsen’s)
¿[HVIRUWKHPRVWFRPPRQFXUUHQFLHV>KRPHSDJHRQWKH,QWHUQHW@>FLWHG
February 8]. Available from: http://www.riksbank.com.
Bitkover CY, Gardlund B. Mediastinitis after cardiovascular operations: a case-control
VWXG\RIULVNIDFWRUV$QQ7KRUDF6XUJ  
Olsen MA, Lock-Buckley P, Hopkins D, Polish LB, Sundt TM, Fraser VJ. The risk factors
IRUGHHSDQGVXSHU¿FLDOFKHVWVXUJLFDOVLWHLQIHFWLRQVDIWHUFRURQDU\DUWHU\E\SDVVJUDIW
VXUJHU\DUHGLIIHUHQW-7KRUDF&DUGLRYDVF6XUJ  
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 surJHU\,QIHFW&RQWURO+RVS(SLGHPLRO  
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.
-7KRUDF&DUGLRYDVF6XUJ  
Hall JC, Hall JL, Edwards MG. The time of presentation of wound infection after cardiac
VXUJHU\-4XDO&OLQ3UDFW  
Ghebremedhin B, Konig W, Konig B. Heterogeneity of methicillin-resistant
Staphylococcus aureus strains at a German university hospital during a 1-year period. Eur
-&OLQ0LFURELRO,QIHFW'LV  
Fridkin SK, Hageman JC, Morrison M, Sanza LT, Como-Sabetti K, Jernigan JA,
+DUULPDQ.+DUULVRQ/+/\Q¿HOG5)DUOH\000HWKLFLOOLQUHVLVWDQW6WDSK\ORFRFFXV
DXUHXVGLVHDVHLQWKUHHFRPPXQLWLHV1(QJO-0HG  
Fynn-Thompson F, Vander Salm TJ. Methods for reduction of sternal wound infection.
6HPLQ7KRUDF&DUGLRYDVF6XUJ  

65

References

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
0LFURELRORJ\  
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
DQGJHRJUDSKLFDUHDDUHÀHFWLRQRIDPLQRJO\FRVLGHXVDJHSDWWHUQV"$PLQRJO\FRVLGH
5HVLVWDQFH6WXG\*URXSV&OLQ,QIHFW'LV6XSSO6
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
)UDQFHIURPWR-&OLQ0LFURELRO  

66

