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rafting Risk Factors and Long-Term Survival
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Background. Mediastinitis is a severe complication of
oronary artery bypass grafting. The aim of the present
tudy was to determine incidence of mediastinitis, its
isk factors, and its effect on early and long-term survival.

Methods. The study has a dual design, a case-control,
nd a retrospective cohort, using a source population of
8,532 consecutive patients who underwent coronary
rtery bypass grafting from January 1989 to December
000. The closing date was February 1, 2008. Median
ollow-up was 10.3 (range 8.1 to 18.9) years. Patients with
ediastinitis were compared with a random control

roup without mediastinitis issued from the same source
opulation in a ratio 1:4. The crude effect of mediastinitis
as estimated using rate ratio and 95% confidence limits.
djustment for multiconfounders was done with the Cox
odel. A logistic model was used to pinpoint risk factors

f mediastinitis. Calibration and discrimination of a
rognostic model was done.
Results. One hundred seven patients (0.6%) developed
ediastinitis. Diagnosis was made 12 (9 to 19) days

ostoperatively. Independent risk factors of mediastini-
is using the logistic model were advanced age, male
ender, left main stenosis, body mass index 30 kg/m2 or
reater, chronic obstructive pulmonary disease, diabetes,

nd increased amount of blood transfusion. There was no
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ncreased risk of early mortality (odds ratio � 0.58; 95%
onfidence interval 0.13 to 2.61) (p � 0.48) but there was
ncreased risk of morbidity (intraaortic balloon pump,
entricular and supraventricular arrhythmia, stroke, ino-
rope, and myocardial infarction). Follow-up had a me-
ian observation time of 10.3 years. Survival for patients
ith mediastinitis was 49.5 � 5.0% versus 71.0 � 2.2% for

ontrols (p < 0.01). Analysis of specific death causes
ocumented that cardiac deaths were significantly more
requent in mediastinitis patients than in control pa-
ients. When controlling for the confounding effect of the
ther variables (age, cardiopulmonary bypass time, body
ass index, chronic obstructive pulmonary disease), the

azard ratio associated with mediastinitis on long-term
ortality was 1.59, 95% confidence limits (1.16 and 2.70)

p � 0.003).
Conclusions. The incidence of mediastinitis in 18,532

atients undergoing coronary artery bypass grafting sur-
ery was low. The major preventable risk factor of
ediastinitis was amount of blood transfusion. Medias-

initis had an excess risk of early morbidity and was
ssociated with a significant reduced long-term survival.
ost deaths were considered to be cardiac.

(Ann Thorac Surg 2010;89:1502–10)

© 2010 by The Society of Thoracic Surgeons
he reported incidence of mediastinitis after coronary
artery bypass grafting (CABG) is 0.4 to 4%. Medias-

initis is associated with increased morbidity, mortality,
nd cost [1–10].
The traditional management consists of reoperation
ith debridement and drainage, followed by prolonged
ospitalization for antibiotic therapy. Early or in-hospital
ortality is reported to vary between 10 and 47% [1–7].
The etiology and pathophysiology of mediastinitis is

omplex and multifactorial. Previous studies have listed a
umber of factors associated with mediastinitis [1–10]. In

he present study a case-control design was undertaken
n order to evaluate preoperative, intraoperative, and
ostoperative risk factors of mediastinitis for patients
ndergoing sole CABG. As the long-term effect of medi-

ccepted for publication Feb 12, 2010.

ddress correspondence to Dr Risnes, Department of Thoracic and
stinitis on mortality after CABG has not been thor-
ughly well studied, a retrospective cohort analysis was
erformed to study the early and late effects of medias-

initis concerning survival.

aterial and Methods

ource Population
he study was approved by the Regional Medical Ethics
ommittee and represents a multicenter collaboration be-

ween Rikshospitalet University Hospital, The Feiring
eart Clinic, and Oslo Heart Center. The institutions main-

ain the same diagnostic criteria and treatment with active
nd prospective epidemiologic surveillance of hospital in-
ections. Between January 1989 and December 2000, a total
f 18,532 adult patients undergoing CABG surgery were
onsidered in our analysis. The diagnosis of poststernotomy
ediastinitis was based upon the criteria established by the

enters for Disease Control and Prevention [11, 12].

0003-4975/10/$36.00
doi:10.1016/j.athoracsur.2010.02.038
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tudy Design
his study has a double design, where the first one is a
ase-control. Cases are patients who developed medias-
initis, and controls are patients without mediastinitis,
oming from the same source population. The other is a
ohort with long-term follow-up, and endpoints total
ortality. In the source population mediastinitis oc-

urred in 107 patients during the first postoperative
eeks. A random sample of 444 patients was extracted

rom patients not suffering from mediastinitis and from
he same source population. This was used as a control
or the cases in a case-control design (Fig 1).

Another design was a cohort of exposed (mediastinitis)
nd nonexposed (nonmediastinitis) with outcome, early
ortality and morbidity, and long-term survival (median

ollow-up 10.3 years). The nonexposed represent the
ontrol group. For each incident case of mediastinitis,
our random controls without mediastinitis were con-
idered. Matching was not performed as it does not
ontrol for confounding in the case-control design, and
ould introduce unknown confounders as advised by
leinbaum and colleagues [13] and Rothmann and

olleagues [14].

tatistical Methods
or the case-control study, after univariate analysis the
ultivariate analyses were used to pinpoint indepen-

ent risk factors of mediastinitis. Association between
isk factors and mediastinitis were estimated by the
dds ratio (OR) and 95% confidence interval (CI).

ig 1. Study design of cohort and case-control study. (CABG � cor-

nnary artery bypass grafting.)
ndependent risk factors were pinpointed by a back-
ard elimination procedure, using a multivariate lo-
istic model [13]. As we are in a prognostic strategy

n the case-control analysis the predictive accuracy
f the model were evaluated by calibration and
iscrimination.
Calibration, which measures the ability of the model to

ssign the appropriate risk, was evaluated by the Hosmer
nd Lemeshow (H-L) goodness of fit test. The H-L �2

easures the difference between expected and observed
utcomes over deciles of risk.
A statistically not significant H-L result (p value � 0.05)

uggests that the model predicts accurately on average.
iscrimination, which measures the ability of the model

o differentiate among those who have or have not
uffered mediastinitis, was evaluated by the analysis of
he area under the receiver operating characteristic
urve. If the area under the curve is greater than 0.7 it can
e concluded that the model has an acceptable discrim-

natory capability.
For the cohort study the association between presence

yes/no) of mediastinitis and early mortality and morbidity
as quantified using odds ratio and its 95% confidence

imit (CL). In this study our strategy was explanatory,
escribing the crude effect of mediastinitis on long-term
urvival, and the adjusted effect when controlling for
ajor confounders [15]. This is a dynamic cohort where

ate of surgery is time of entry in the cohort, and
ortality is the major outcome. It is censored survival

ata where the response is mortality, and patients not
ying were censored at the closing date of the study
hich was February 1, 2008. Long-term survival was

stimated univariately by survival curves using the
aplan-Meier method and comparison of the survival

urves was done by the Breslow and Mantel-Cox test [16,
7]. A stratification analysis using the Mantel-Haenszel
ethods adapted to person/years was done to quantify

onfounders and pinpoint effect modifier using the
reslow-Day test of heterogeneity [13]. Crude effect of
ediasitinitis on total mortality using the patient/years
odel was estimated. The adjusted effect of mediastinitis

n long-term survival, controlling for multiconfounders,
as done using the Cox model [17].
It is standard practice in epidemiologic research stud-

es to compare observed survival in a cohort versus the
xpected survival in a reference population (the national
opulation) of the same age and sex distribution. The
ethod of standard mortality ratio (SMR) analysis con-

ists of applying age and gender specific rates of death of
he total Norwegian population to the cohort of heart-
perated patients to yield a number of expected deaths.
he SMR is the ratio of total observed deaths in the
ohort divided with the total of expected deaths in the
ame population. The 95% confidence limit is estimated
y the method of Rothman and colleagues [14]. In most

nstances the SMR should be regarded with caution
hen the expected value is less than 2. Such results could
e misleading except when the disease is rare in the

onexposed population.
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ower Analysis: Case-Control Design
prestudy power analysis was done using estimates

rom the literature [1, 2, 7]. One of the hypotheses

able 1. Univariate Risk Factors of Mediastinitis

haracteristics

reoperative:
Age (years)
Gender:

Male (%)
Female (%)

Vessels involved (n)
I
II
III

Left main stenosis (n)
Emergency surgery (n)
Unstable angina (n)
Body mass index (kg/m2)
Preopr. S-hemoglobin (g/dL)
Preopr. S-creatinine (�mol/L)
Uremia (n) S-creatinine � 200 �mol/L
Hypercholesterolemia.(n)
Hypertension (n)
Smoking history (n)
Previous cardiac surgery (n)
Previous myocardial infarction (n)

Previous cerebral stroke (n)
Preopr. atrial fibrillation (n)
Chronic obstructive pulmonary disease (n)
Diabetes (n)

Functional NYHA-classification (I–IV)
I–II
III–IV

General atherosclerosis (n)
Left ventricular ejection fraction; EF � 0.40
Operative:

Left internal mammary artery (n)
Right internal mammary artery (n)
Number of distal anastomoses
Aortic cross-clamp time (minutes)
Cardiopulmonary bypass time (minutes)

ostoperative:
Mediastinal drainage (mL)
Retransfusion (mL)
Ventilation time (hours)
Reoperation for bleeding (n)
Blood transfusion (units)
Postopr. ventricular and supraventricular arrythmia (n)
Postopr. cerebral stroke (n)
Postopr. myocardial infarction (n)
Intraaortic balloon-pump (n)
Inotropy (n)
Multiorgan failure (n)
YHA � New York Heart Association; Preopr. � preoperative; Postop
oncerned obesity, defined as body mass index (BMI) 30
g/m2 or greater. The frequency of obesity was 3% in
atients without mediastinitis. Patients with mediastini-

diastinitis (n � 107) Controls (n � 444) p Value

65.0 (�9.3) 62.4 (�9.6) �0.01

94.4 75.7 �0.01
5.6 24.3

1 4 0.99
9 42

56 320
24/107 64/444 0.04
17/107 78/444 0.57
26/107 83/444 0.19

27.3 (�4.2) 26.0 (�3.6) 0.01
.7 (�1.9) (n � 99) 13.8 (�1.8) (n � 389) 0.39
17 (�69) (n � 95) 105 (�56.6) (n � 353) �0.01

5/107 10/444 0.17
26/107 112/444 0.94
37/107 110/444 0.05
53/107 213/444 0.77
4/107 24/444 0.48

5/107 8/444 0.08
8/107 22/444 0.30

19/107 31/444 �0.01
26/107 45/444 �0.01

23/107 112/444 0.53
84/107 334/444
18/107 37/444 �0.01
13/107 32/444 0.09

98/107 397/444 0.50
1/107 3/444 0.78

3.6 (�1.0) 3.5 (�1.1) 0.76
38.8 (�15.3) 36.3 (�14.7) 0.13
73.1 (�26.5) 68.1 (�27.1) 0.04

759 (�431) 784 (�545) 0.79
580 (�334) 600 (�403) 0.99
6.0 (�15.0) 7.0 (13.0) 0.18

12/107 21/444 0.01
4.0 (�7.3) 1.6 (�4.6) �0.01

40/107 143/444 0.30
5/107 8/444 0.08
5/107 9/444 0.11
8/107 16/444 0.08

10/107 20/107 0.07
3/107 6/444 0.29
Me

13
1

r. � postoperative.
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is had a 3.6 higher risk of being exposed to obesity. This
ermitted us to estimate a priori power for our study.
Considering four controls per case of mediastinitis and
type I error of 5% and a power of 80%, we would need
minimum of 103 cases of mediastinitis and 412 controls.
his sample size would provide high power to pinpoint a

arge spectrum of independent risk factors [14, 15].

ower Analysis: Cohort Design
he power analysis was done at the planning phase of the
tudy. We used the results from the studies of Milano and
olleagues [1], where they stipulated a 2-year cumulative
ortality in patients without mediastnitis to 10.1% and 23%

or patients with mediastinitis. For a relative risk � 2, type
error of 5%, power of 80%, and a ratio of nonexposed to
xposed of 4:1 we would need a total of 115 cases with
xposed mediastinitis and 460 patients not exposed to
ediastinitis.

urgical Technique in the Primary Heart Operation
n all patients the primary operative approach was a me-
ian sternotomy, with cardiopulmonary bypass and sys-

emic moderate hypothermia, using antegrade crystalloid
ardioplegia. Standard technique included routine use of
he left internal mammary artery, with supplemental vein
rafts to obtain complete revascularization. Mediastinal

able 3. Univariate Analysis of Risk Factors of Early (30-Day

ortality/Morbidity

ndpoint death:
Early mortality

ndpoint morbidity:
Intraaortic balloon pump

Postoperative ventricular or supraventricular arrythmia

Peroperative stroke

Postoperative inotropia

Postoperative myocardial infarction

able 2. Independent Risk Factors of the Endpoints of Medias

ariable L

ge � 70 (n)
ale gender (n)

eft main stenosis (n)
ody mass index (� 30 kg/m2)
resence of chronic obstructive lung disease (n)
resence of diabetes (n)
lood transfusion (units) �1

I � confidence interval; OR � odds ratio.
R � odds ratio; CL � confidence limits.
hed blood was retransfused. The patients received stan-
ard antibiotic prophylactics with four doses of intravenous
ephalotin (2 g) for at least 24 hours or until all drains or
onitor lines had been removed.

urgical Revision of Mediastinitis
ll patients were treated with debridement, irrigation,
nd rewiring of the sternum, as described by Robicsek
nd colleagues [18]. Debridement was followed by con-
inuous irrigation with antibiotic solution until the efflu-
nt drainage had been free from bacterial growth. If this
echnique did not provide healing, plastic surgical recon-
truction with a muscle flap was employed.

esults

isk Factors of Mediastinitis Using the Case-Control
esign

he two groups of patients were comparable with respect to
reoperative, intraoperative, and postoperative variables

Table 1). Mediastinitis occurred in 107 (0.6%) of 18,532
atients. The time between surgery and onset of symptoms
as 12 (9 to 19) days. Irrigation time was 7 (1 to 24) days.
Independent risk factors of mediastinitis were pin-

ointed using the logistic model. Our results are summa-

ortality and Morbidity

l % OR 95% CL p Value

2/107 � 1.4% 0.58 0.13 and 2.61 0.48
14/444 � 3.2%

8/107 � 7.5% 2.1 0.90 and 5.20 0.078
16/444 � 3.6%
36/107 � 33.6% 1.86 1.17 and 2.90 0.008
95/444 � 21.4%
5/107 � 4.8% 2.6 0.90 and 8.30 0.079
8/444 � 1.8%

13/107 � 12.1% 2.13 1.06 and 4.30 0.030
27/444 � 6.1%
5/107 � 4.7% 2.36 0.77 and 7.20 0.120
9/444 � 2.0%

is Using the Multivariate Logistic Mode

OR 95% CI p Value

1.75 1.05–2.91 0.03
7.90 3.20–19.93 0.0001
1.96 1.08–3.56 0.03
2.96 1.62–5.96 0.0001
2.53 1.28–5.01 0.008
3.29 1.81–5.96 0.0001

its 3.96 1.60–9.60 0.002
) M

Leve

Yes
No

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
tinit

evel

1/0
1/0
1/0
1/0
1/0
1/0
0 un
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ized in Table 2. Age over 70 years had a 74% increased
isk compared with younger patients, and male gender
ad a 7.9 higher risk of developing mediastinitis than

emale gender.
Presence of left main stenosis (LM) had a 90% in-

reased risk compared with a patent LM, obesity defined
s BMI 30 kg/m2 or greater had a 2.9 increased risk
ompared with patients having a BMI less than 30 kg/m2.
hronic obstructive pulmonary disease (COPD) had a 2.5

ncreased risk compared with the absence of this condi-
ion, and presence of diabetes mellitus had a 3.28 in-
reased risk compared with the absence of this condition.
inally, blood transfusion with an amount of more that 10
acks of blood carried 3.9 increased risks, compared with
less quantity of packs transfused.
As we are in a prognostic strategy the calibration and

iscrimination of the model are important issues. The
alibration has been assessed by plotting the observed
roportion of events against the predicted probabilities
y groups defined by predicted risks. Goodness of fit was

ested with the H-L test (�2 � 1.35, number of groups 7, p
alue � 0.9871). The H-L test was not significant, indicat-
ng a useful goodness of fit. These results indicate that
he model predict accurately, both on average and across
he ranges of patients, deciles of risk; hence, it is suitable
or use in all (low to high-risk patients).

The risk of mediastinitis model developed demon-
trates an acceptable discriminatory power as area under
he receiver operating characteristic curve was 0.7498,
5% CL (0.711 and 0.785) (Fig 2).

ffect of Mediastinitis on 30-Day Mortality and
orbidity Using the Cohort Design

here was no increased risk of early mortality (OR � 0.58;
5% CI 0.13 to 2.61) (p � 0.48) (Table 3). Considering early
orbidity, there was increased risk of postoperative

entricular- or supraventricular arrhythmia (OR � 1.86,
5% CI 1.17 to 2.90) (p � 0.008), and postoperative use of
notropia (OR � 2.13; 95% CI 1.06 to 4.30) (p � 0.03),
orderline for the use of intraaortic balloon pump (OR �

ig 2. Receiver operating characteristic (ROC) curve for mediastini-
is using the logistic model.
.1; 95% CI 0.9 – 5.20) (p � 0.08) and peroperative stroke
N

OR � 2.6; 95% CI 0.90 to 8.30) (p � 0.08), and for
erioperative myocardial infarction (OR � 2.36; 95% CI
.77 to 7.20) (p � 0.12). The borderline significance of the
ast two events was due to power deficiency.

Reconstruction of the sternum was successfully
chieved in 92 patients using the Robicsek technique. In
0 patients the wound had to be closed by use of
obilized muscle flaps (mean 25, 2 to 109 weeks) after the

rimary operation. Furthermore, in three patients
hronic sternal fistulas occurred during the follow-up
eriod.
Two patients died within 30 days; one from myocardial

nfarction on the 17th postoperative day and the other of
epsis and disseminated intravascular coagulation 25
ays after the primary CABG operation. According to the
ational Death Index all the 14 control patients in the

arly mortality group died of ischemic heart disease.

ostoperative Bacterial Findings
t revision for mediastinitis, cultures were taken. Bacterial
rowth was positive in 85 patients (79.4%). The results of
ur bacterial tests performed are summarized in Table 4.

ffect of Mediastinitis on Long-Term Survival Using
he Cohort Design
he 10-year, long-term survival for patients with medi-
stinitis was 49.5 � 5.0%, compared with 71.0 � 2.2% in
onmediastinitis patients; log-rank test (p � 0.01) (Fig 3).
he rate ratio takes into consideration that the follow-up

ime was 2.01. The crude effect shows that CABG patients
ith mediastinitis had a double risk of mortality com-
ared with the controls (Table 5).
On the other hand, Figure 4 shows the instantaneous

azard function (instantaneous force of mortality) during
he 19 years of follow-up. This figure pinpoints an increas-
ng risk over time for patients with mediastinitis as com-
ared with the controls without mediastinitis. A stratifica-

ion analysis, using the Mantel-Haenszel person/years
ethod, showed that age (10-year intervals) had the largest

onfounding effect of 12.3%, while cardiopulmonary bypass
ime (20-minute intervals) and BMI had a 9% confounding
ffect. The presence of COPD had a weaker confounding
ffect of 6% when adjusting simultaneously for the con-
ounding effect of age, cardiopulmonary bypass time, BMI,
nd COPD using the Cox model. The hazard ratio was 1.59

able 4. Microorganisms Associated With Mediastinitis in
07 Patients

ype of Microorganisms No. %

taphylococcus aureus 53 49.5
taphylococcus epidermidis 20 18.7
-coli 4 3.7
nterobacteriae 4 3.7
seudomonas aeruginosa 3 2.8
acteroider fragilis 1 0.9
o growth 20 18.7

o test performed 2 1.9
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ith 95% CL (1.16 and 2.17) (p � 0.003), indicating a 59%
ncreasing risk of total mortality for patients with medias-
initis as compared with the patients without mediastinitis
uring all the time of follow-up.

omparison With the Total Norwegian Population
e compared the subcohort of patients with mediastini-

is, stratified by gender and age, to the total Norwegian
opulation, matched by age and gender. For the male
atients with mediastinitis (101 patients), the estimated
MR was 3.9 with 95% CL (3.03 and 5.04), while for the
ubcohort for males without mediastinitis the SMR was
.5. The 95% CL (2.10 and 3.05), indicates a higher risk of
ortality for male patients suffering from mediastinitis

ompared with the male not having this condition. The
ubcohort of females with mediastinitis included only 6
atients. Expected mortality was less than 2, making it

ncorrect to calculate SMR.

ause of Mortality
he National Office of Statistics was used to assess
pecific cause of death for the patient population. Cardiac
eath was significantly more frequent in the mediastini-

is group compared with the nonmediastinitis group.
ardiac death after 10 years for patients with mediasti-
itis was 34.6% compared with 21.4% in nonmediastinitis
atients (p � 0.006). In the mediastinitis group cardiac-
elated deaths were found in 37 (34.6%) patients (isch-
mic heart disease 35, valvular disease 1 and arrhythmia
) and noncardiac-related deaths in 19 (17.8%) patients
malignant disease, 8; diabetes mellitus, 5; chronic ob-
tructive pulmonary disease, 3; and others, 3). In the
onmediastinitis group, 95 (21.4%) patients died of cardiac
iseases (ischemic heart disease, 91; valvular disease, 2;
eart insufficiency, 2) and noncardiac-related deaths in 70

15.8%) patients (malignant disease, 25; cerebral disease, 13;

ig 3. Survival of patients with and without mediastinitis and 95%
onfidence limits. (. . . � yes; — � no.)
iabetes mellitus, 7; COPD 4; renal insufficiency, 4; pneu- t
onia, 3; gastrointestinal ischemia, 3; abdominal aortic
neurysm, 3; and others, 8) (p � 0.72). Cardiac death was
ignificantly higher for the mediastinitis group compared
ith the nonmediastinitis (p � 0.006).

omment

isk Factors of Mediastinitis
ultivariate analysis identified six preoperative vari-

bles as highly significant independent predictors for the

ig 4. Hazard of mortality for patients with and without mediastini-

able 5. Quantification of the Confounding Effect of the
ssociation Between Mediastinitis and Total Mortality:
tratification Using Person/Years Model

rude Effect RRc Confounding
Effect

ediastinitis (n � 551) 2.01 (1.49–2.70)

djusted effect on mediastinitis on total mortality using the
erson/Years model for one variable

ariable RRa %

ge (� 10 years) (n � 551) 1.76 (1.31–2.37) 12.4
ody mass index (BMI � 30
kg/m2) (n � 551)

2.19 (1.63–2.95) 9.0

ardiopulmonary bypass time
(� 20 minutes) (n � 551)

1.83 (1.36–2.46) 9.0

hronic obstructive pulmonary
disease (Yes/No)

1.89 (1.39–2.55) 6.0

imultaneous Control for
Multiconfoundersa

Hazard Rate

sing Cox’s model 1.59 (1.16–2.17) 20.2

Age, body mass index, cardiopulmonary bypass time, and chronic
bstructive pulmonary disease.

reslow test of heterogeneity was not significant for all the different
otential confounders.

onfounding effect: (RRa – RRc / RRc) � 100.

Ra � adjusted rate ratio; RRc � crude rate ratio.
is and 95% confidence limits. (. . . � yes; — � no.)
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evelopment of mediastinitis. Four of these risk factors
diabetes, obesity BMI � 30 kg/m2, COPD, and age) have
ften been associated with occurrence of mediastinitis
1–10]. In addition we found male gender and LMS to be
ignificantly associated with mediastinitis.

Diabetes mellitus turned out to be one of the most
mportant predictors of mediastinitis. This is in agreement
ith previous reports [5, 7, 19], although in contrast to
thers [1–3, 6, 8]. Obesity has been identified as the most

mportant independent predictor of mediastinitis [1, 3, 4, 7].
ur study confirmed the significance of obesity.
We identified COPD disease to be an independent risk

actor of mediastinitis in line with other studies [4, 20].
moking history was not statistically significant either in
nivariate or in multivariate analysis, although respira-

ory distress and pneumonia may occur more frequently
n these patients [2, 3, 7]. Age was a significant risk factor
or mediastinitis in our study in contrast to some other
tudies [21, 22]. Cardiopulmonary bypass time was a risk
actor in the univariate analysis, but not in the multivar-
ate analysis. The bypass time has been found important
n some other reports [1, 3, 20].

There is a link between the length of preoperative
ospital stay, and colonization with hospital bacterial
ora and inoculation of microorganisms into cutaneous
nd subcutaneous tissue [23, 24]. We could not detect this
ssociation, probably because of very short preoperative
ospitalization periods.
The strongest independent risk factor of mediastinitis

n our study was male gender. Men had significantly
igher rates of diabetes then women. This is in accor-
ance with some other publications [5, 25]. The mecha-
isms by which men are more predisposed to mediasti-
itis than women are not known and have to be
peculative. Anatomically, women differ from men by
aving a better collateral flow to the sternum after

nternal mammary artery harvest [3, 19, 26]. In addition,
en have more hair follicles in the area for sternotomy,
hich may dispose for bacterial growth and infection.
Left main stenosis turned out to be an independent

isk factor. This finding is new, and difficult to explain.
he amount of blood transfusion (over 10 units) was the
nly independent postoperative risk factor. This may be
xplained by a decrease in immune function after homol-
gous blood transfusion [3, 23, 27].
Our results underline the need for preventive mea-

ures. Measures include weight reduction (in case of
lective surgery), weight adapted perioperative antibiotic
reatment, and a strict antidiabetic regimen.

ediastinitis and Early Morbidity and Long-Term
urvival

n the present study mediastinitis after CABG surgery
as associated with a marked increase in morbidity and

ong-term mortality rates. Strategies for reduction of
ediastinitis included the use of an antimicrobial pro-

hylaxis standard aseptic surgical technique, attention to
emostasis, and precise sternal closure, as also under-
ined in previous reports [1–10]. b
Hospital mortality of mediastinitis is frequently related
o uncontrolled infection, sepsis, and multiorgan failure.
arly diagnosis of mediastinitis may improve short-term
esults, in particular by preventing development of these
evastating complications. We report that mediastinitis
id not increase early mortality. This could be due to
ower deficiency as far this endpoint in our study.
The observed effect of mediastinitis on true long-term

urvival is novel information. Post-CABG mediastinitis is
ssociated with a substantial lower survival compared
ith patients without mediastinitis.
This study has a median follow-up of 10.3 years, and a

ange of less than one year to a maximum of 18.9 years.
his was the longest follow-up time compared with other
tudies. Milano and colleagues [1] had a median fol-
ow-up of two years, and Loop and colleagues [3]) had a

edian follow-up of 2.1 years. Finally, Braxton and col-
eagues [4] had a mean follow-up of 4.1 years, while
tåhle and colleagues [6] had a mean follow-up of 5
ears. Without any doubt, to our knowledge, our longi-
udinal cohort study has the longest median follow-up
ime of all studies published until now.

On the other hand there is a concordance in the
stimated hazard of mediastinitis on mortality between
ur study and the others. Our crude rate ratio of the effect
f mediastinitis on mortality was 2.01, 95% CL (1.49 and
.74). Milano and colleagues [1] had 2.2 to 2 years, while
oop and colleagues [3] had a rate ratio of 3.4 at 3 years
nd Ståhle and colleagues [6] had a rate ratio of 2.4 at 5
ears follow-up.
Also, there was a concordance in the adjusted hazard

atio for multiconfounders estimate. We had a hazard
atio of 1.59, 95% CL (1.16 and 2.55). This was close to the
djusted hazard rate of Ståhle and colleagues [6] of 1.90
1.20 and 2.80), and to the estimate of Braxton and
olleagues [4] 1.79 95% CL (1.30 and 2.19). The replication
f the increased risk of mediastinitis on mortality in
ifferent geographic populations of CABG patients, and

n different periods of time, is an indicator of the validity
f this association.
Another original result confirming the consistency of

his association is the finding that SMR for males with
ediastinitis had an increased risk of mortality com-

ared with males without mediastinitis when controlling
or the total Norwegian population. The SMR for males
ithout mediastinitis of 2.5 ,95% CL (2.1 and 3.05) was the

ame as the SMR estimated by Risum and colleagues [28]
2.5, 95% CL [2.2 and 2.9] for males, considering a cohort
f 1,025 patients operated between August 1982 to De-
ember 1986 (another time period) with a median fol-
ow-up of 7.4 years in Norway. These analyses were
mpossible to perform for females in our study.

There are some biologic mechanisms that can explain
his excess risk of mediastinitis. Information is scarce
ith regard to the long-term graft patency in patients
ho develop mediastinitis. These patients have a long-

tanding chronic inflammatory process, which might
nfluence negatively the graft patency. Inflammation can
educe plaque stability and increase thrombogenesis in

oth coronaries and grafts [29, 30].
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Hypercholesterolemia may also play a role by activat-
ng the inflammatory reaction associated with acceler-
ted progression of atherosclerosis [22]. These factors
ight contribute to explain the reduced long-term sur-

ival rate in CABG patients having mediastinitis.
Deep sternal wound infections may cause constrictive

ericarditis. Even patients with mild constriction have a
omprised left ventricular filling and decreased stroke
olume and cardiac output. Pericardial, as well as epicar-
ial, fibrosis after mediastinitis is thus another possible
ontributor to the observed excess long-term mortality
22, 29, 30].

Mediastinitis is a devastating complication after car-
iac surgery and is associated with a significant reduced

ong-term survival. At 10.3 years follow-up these patients
ad a 59% higher mortality risk compared with the
atients without mediastinitis, and mostly caused by
ardiac deaths.

he authors would particularly like to thank Mona Bekken Vold at
he Feiring Heart Center for continuous support and for her
ontribution in organizing the data. We are indebted to the chief of
slo Heart Center, Eivind Øvrum, MD, PhD, to Petter Mandt,
SCI, and Rolf Øystese, CCPP for computer and programming

ssistance, and to Christine Schei for her work with figures and
ables.
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