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Abstract
Introduction: The mediastinitis is a serious postoperative

complication of cardiac surgery, with an incidence of 0.4 to
5% and mortality between 14 and 47%. Several models were
proposed to assess risk of mediastinitis after cardiac surgery.
However, most of these models do not evaluate the
postoperative morbidity.

Objective: This study aims to develop a score risk model
to predict the risk of mediastinitis for patients undergoing
coronary artery bypass grafting.

Methods: The study sample included data from 2.809 adult
patients undergoing coronary artery bypass grafting between
January 1996 and December 2007 at Hospital São Lucas -
PUCRS. Logistic regression was used to examine the
relationship between risk factors and the development of
mediastinitis. Data from 1.889 patients were used to develop
the model and its performance was evaluated in the

remaining data (n=920). The definitive model was created
with the data analisys of 2.809 patients.

Results: The rate of mediastinitis was 3.3%, with
mortality of 26.6%. In the multivariate analysis, five
variables remained independent predictors of the outcome:
chronic obstructive pulmonary disease, obesity, surgical
reintervention, blood transfusion and stable angina class
IV or unstable. The area under the ROC curve was 0.72
(95% CI, 0.67-0.78) and P = 0.61.

Conclusion: The risk score was constructed for use in
daily practice to calculate the rate of mediastinitis after
coronary artery bypass grafting. The score includes
routinely collected variables and is simple to use.

Descriptors: Mediastinitis. Risk factors. Myocardial
revascularization.
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procedure (more than five hours), surgical reintervention
within four days after surgery, higher NYHA functional
class, need for postoperative blood transfusion, stable
or unstable angina. There is no consensus on the most
important risk factors and if they are individually
independent risk predictors for developing
postoperative mediastinitis, since each institution can
have their “own risk factors” [5,6].

Considering clinical symptoms, the infection is confirmed
by radiological findings, such as x-rays, in which it is
observed a widening of the mediastinum, and particularly
in computed tomography, where fluids are identified in the
mediastinum, sternal dehiscence or sternal erosion and
pneumomediastinum. Treatment of mediastinitis requires a
combination of surgical re-exploration and immediate
empirical antibiotic therapy [4,9,10].

The measurement and monitoring of immediate
outcomes after cardiac surgery are used to demonstrate
the effectiveness of the procedure, and to know if such
results are adjusted for quality programs [11]. However, it
is known that surgical outcomes are strongly influenced
by patient characteristics and risk factors occurred during
the preoperative period. Over 100 studies of perioperative
prognostic risk stratification were conducted. The best-
known scores in the literature are: EuroSCORE, National
Nosocomial Infections Surveillance (NNIS), Society of
Thoracic Surgeons (STS), and Northern New England
Cardiovascular Disease Study Groups (NNE). Few of these
scores contemplate the postoperative morbidity [12].

The present study proposes a risk score model for
mediastinitis in patients undergoing coronary artery bypass
grafting.

 

INTRODUCTION
 
Cardiovascular diseases are currently the leading cause

of mortality, accounting for approximately 25% of deaths in
developed countries. Atherosclerotic diseases are
responsible for approximately 40% of all deaths in Brazil[1].

Performing the coronary artery bypass grafting (CABG)
is a way to improve the patients quality of life affected by
atherosclerotic disease. In the Unined States, approximately
450,000 CABG surgeries are performed each year, with a
mortality of about 8% [2,3].

Despite technological development and improvement
of health professionals, mediastinitis, which is a severe
infection after cardiac surgery, still presents a major
challenge since it determines a significant increase in
morbidity and mortality rates, hospital costs and high
impact on social life of patients who survive [2].

The prevalence of postoperative mediastinitis ranges
from 0.4% to 5%, when most of them were between 1% and
2%, increasing with the presence of pre-existing diseases,
especially in heart patients, or associated procedures [4,5].
However, the mortality of this serious complication is high,
ranging from 14% to 47%. Furthermore, mediastinitis greatly
increases hospital costs, nearly tripling those values, which
occurs mainly due to high morbidity, prolonged
hospitalization and need for surgical intervention in these
patients [2.6 to 8].

A large number of clinical conditions has been
identified as risk factors for mediastinitis, such as obesity,
diabetes, vascular disease, smoking, chronic obstructive
pulmonary disease (COPD), previous cardiac surgery,
use of both prior mammary arteries, prolonged surgical

Resumo
Introdução: A mediastinite é uma grave complicação do

pós-operatório de cirurgia cardíaca, com prevalência de 0,4
a 5% e mortalidade entre 14 e 47%. Vários modelos foram
propostos para avaliar risco de mediastinite após cirurgia
cardíaca.

Objetivo: Desenvolver um modelo de escore de risco para
prever mediastinite em pacientes submetidos à cirurgia de
revascularização do miocárdio.

Métodos: A amostra do estudo inclui dados de 2.809
pacientes adultos que realizaram cirurgia de revascularização
do miocárdio, entre janeiro de 1996 e dezembro de 2007, no
Hospital São Lucas da PUCRS. Regressão logística foi usada
para examinar a relação entre fatores de risco e o
desenvolvimento de mediastinite. Dados de 1.889 pacientes
foram usados para desenvolver o modelo e seu desempenho

foi avaliado nos dados restantes (n=920). O modelo final foi
criado com a análise dos dados de 2.809 pacientes.

Resultados: O índice de mediastinite foi de 3,3%, com
mortalidade de 26,6%. Na análise multivariada, cinco
variáveis permaneceram preditores independentes para o
desfecho: doença pulmonar obstrutiva crônica, obesidade,
reintervenção cirúrgica, politransfusão no pós-operatório e
angina estável classe IV ou instável. A área sob a curva ROC
foi 0,72 (IC 95%, 0,67-0,78) e P = 0,61.

Conclusão: O escore de risco foi construído para uso na
prática diária para calcular o índice de mediastinite após
cirurgia de revascularização do miocárdio. O escore inclui
variáveis coletadas rotineiramente e de fácil utilização.

Descritores: Mediastinite. Fatores de risco.
Revascularização miocárdica.
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METHODS

We conducted a historical cohort observational study
based on variables obtained from the postoperative ward’s
database of cardiac surgery at the Sao Lucas Hospital -
PUCRS (Pontifical Catholic University of Rio Grande do
Sul). We included 2.809 patients who underwent isolated
or combined CABG with valve surgery, between January
1996 and December 2007. The isolated valve surgery and
CABG with concomitant tricuspid and pulmonary valves
were excluded from the analysis.

The variables included in the analysis were: gender
(male/female), age, surgical priority (emergency surgery/
emergency  considered as a single variable and defined as
need for intervention within 48 hours due to imminent death
risk or unstable clinical-hemodynamic status), heart failure
functional class according to the criteria of the New York
Heart Association (NYHA), chronic renal insufficiency
(creatinine above 1.5 mg / dL), multiple blood transfusion
during postoperative procedures, prior heart surgery,
history of diabetes , chronic obstructive pulmonary disease
(COPD) clinically diagnosed and/or radiological examination
of the chest and / or spirometry and/or drug therapy
(corticosteroids, bronchodilators), systemic arterial
hypertension or high blood pressure (HBP),
cardiopulmonary bypass time> 120 minutes, obesity (BMI
≥ 30kg/m²), ejection fraction (measured by
echocardiography), class IV stable and unstable angina,
previous cardiac surgery and need for surgical intervention.

The mediastinitis diagnosis was made with the patient
suffering from pain, heat, redness and when the wound of
the operative sternum was filled with pus, as instability
and fever. The imaging method used to confirm diagnosis
was chest tomography. All patients diagnosis were
confirmed at the moment of the surgery by the presence of
deep infection in the mediastinum.

Continuous variables were described by average,
standard deviation and compared by Student’s t test.
Categorical or continuous categorized variables were
described by counts and percentages and compared by
chi-square test. The database was randomly divided into
two parts for the process of the building risk score: 2/3 of
the data were used for modeling and 1/3 for validation.

The variables initial consideration followed a hierarchical
model based on biological plausibility and external
information (literature) about the relevance and strength of
the associations of these potential risk factors with the
outcome being studied (in-hospital mediastinitis).

Once these variables are listed, multiple logistic
regression was used in process of backward selection,
because it was the best method of adjusting the variables,
keeping the model all variables with significance level P <
0.05. Then, a weighted risk score was built based on the

magnitude of the coefficients in logistic equation. When
transformed into odds ratios, the values were rounded up
to compose the score.

An appropriate role model was observed in the
validation process, and the databases (modeling and
validation) were combined to obtain the final score. The
variables were neither included nor excluded in this process,
which simply resulted in obtaining more precise estimates
of the coefficients previously calculated. The same
performance statistics described above were also shown.

This study research project was submitted and approved
by the PUCRS Research Ethics Committee.

 
RESULTS
 
The total sample (2809), 94 (3.3%) patients had

mediastinitis and among those patients who developed
mediastinitis, 26.6% of them had died. The average age of
the study population was 61 ±  10.1 years. Regarding gender,
66% were men. Combined valve replacement surgery was
necessary in 7.6% of patients.

Multiple logistic regression of predictors was
performed in 1889 non-consecutive patients (random
choice) that constitute two thirds of the total sample.
The predictors selection to build the score was made
according to their statistical significance, which were:
COPD, obesity, postoperative multiple blood transfusion,
necessity for surgical reintervention, and class IV
unstable angina (Table 1).

External validation was performed in 920 patients (one
third of the total sample) randomly selected. The risk model
accuracy was measured by area under the ROC curve of
0.73 (95% CI 0.68 to 0.80) and therefore, having reasonable
discriminatory ability.

A final model was built from the score developed with
data validation and data from 2/3 of the sample. Multiple
logistic regression was used with the variables listed
resulting in the risk score (Table 2). The associated factors
with increased risk of mediastinitis were: surgical
intervention, COPD, obesity, multiple transfusions and class

Table 1. Logistic regression (Modeling data - n=1889)
Variables
COPD
Obesity
Multiple transfusion
Surgical reintervention
Class IV stable angina

OR
3.0
2.4
2.5
3.9
1.8

95% CI
1.8 - 5.1
1.3 - 4.6
1.5 - 4.1
2.0 - 7.9
1.0 - 3.0

P
< 0.001
0.005
0.001

< 0.001
0.028

COPD = chronic obstructive pulmonary disease, p = statistical
significance, OR = odds ratio, 95% CI = 95% confidence
interval
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IV unstable angina. The area under the ROC curve of the
model was 0.72 (95% CI 0.67 to 0.78) (Figure 1). Table 3
shows the risk of mediastinitis according to the score and
risk ranking (additive score).

Logistic regression of the total sample (n = 2809) is in
Table 4.

Considering the total sample, 80% of the patients had
low to medium risk, however, they had a likelihood of
developing mediastinitis estimated by the score at 1 point
(Figure 2). A bar graph showing the mediastinitis rate
provided according to the mediastinitis score classification
was observed. We compared the observed mediastinitis
rate with the expected one among all patients in each of the
four intervals of score classification to test the model
calibration, P = 0.61 (Figure 3).

 

DISCUSSION

This study identified five predictors for mediastinitis
after coronary artery bypass graft surgery. According to
their scores, the predictors are: the presence of COPD,
obesity, the need for multiple blood transfusions in the

Table 4. Logistic regression from total sample (Modeling data -
n=2809)

Variables
Surgical reintervention
COPD
Obesity
Class IV stable angina
Multiple transfusion
(postoperative period)

OR
3.5
2.6
2.8
1.7

2.1

95% CI
2.0 - 6.3
1.7 - 4.1
1.7 - 4.5
1.1 - 2.6

1.3 - 3.2

P
<0.001
< 0.001
< 0.001
0.015

0.001
COPD = chronic obstructive pulmonary disease, OR = odds ratio,
95% CI = 95% confidence interval, P = statistical significance
according to the Wald test (n = 2809, events = 94)

Table 2. Multivariable risk score from the total sample (n=2809)
Preoperative characteristics
Surgical reintervention
COPD
Obesity
Class IV stable angina
Multiple transfusion (postoperative period)

Points
3
2
2
1
1

Chronic Obstructive Pulmonary Disease

Fig. 1 - Area under the ROC curve in detecting the presence of
mediastinitis - c = area under the ROC curve, 95% CI: confidence
interval 95% = 0.72 (95% CI, 0.67 to 0.78) in the final risk model
(n = 2809)

Fig. 2 - Classification of mediastinitis score and risk distribution
in 2809 patients - n = 2809 patients

Table 3. Risk for mediastinitis according to the score (n = 2809)
Score

0
1 - 2
3 - 4
5 or higher

Amostra
n (2809)

908
1340
460
101

Low
Medium

High
Very high

n= sample number
The resulting logistic model has direct estimates of the outcome
probabilities.  The data were processed and analyzed with the aid of
the Statistical Package for the Social Sciences (SPSS) version 15.0

nº
9

36
32
17

%
1.0
2.7
7.0
17

Mediastinitis
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postoperative period, surgical intervention and class IV
stable and unstable angina. A clinical practice instrument
was developed from theses predictors to calculate the risk
of mediastinitis in patients undergoing CABG. The score
was developed from the choice of variables based on
several previously published studies [2,4,6,13], as well as
the experience in cardiac surgery and its postoperative
period at the PUCRS Sao Lucas Hospital. This score, unlike
other previously published scores [14,15], the presence of
diabetes was not an independent risk predictor of
mediastinitis. Tight glucose control and the use of
continuous insulin may contribute to better outcomes of
patients undergoing CABG at our institution.

The incidence of mediastinitis in this study was 3.3%,
similar to that described by literature, ranging from 0.4% to
5% [1,9,13]. Many factors have been associated with the
development of mediastinitis after cardiac surgery. However,
there is no consensus in the literature about the most
important factors and how each one is an independent risk
predictor of postoperative mediastinitis.

The need for surgical intervention was the most import
risk factor for mediastinitis in this study, which originated
three points in the score. The reintervention as risk
predictor is a part of most risk scores for mediastinitis in
the literature [6,13,16]. A study that developed a risk model
for mediastinitis after cardiac surgery in a hospital in
Toronto, Canada, showed that the reintervention is a
significant risk factor for development of infection, with 4
points in the score and OR 4.34 (1.94 - 8.45) in the logistic
regression [15].

Fig. 3 - Points dispersion representing the outcome (mediastinitis)
predicted points (by the logistic model) and observed points among
patients (n = 2809; events = 94)

Obesity was also an important risk predictor for
mediastinitis, adding two points to the score, with OR 2.8,
95% CI 1.7 to 4.5. Eklund et al. also highlighted obesity as
a major risk predictor in a study that included 10.713 patients
undergoing cardiac surgery as an independent risk factor
in the multivariate analysis OR 1.1, 95% CI 1.05 to 1.15. The
incidence in patients with mediastinitis was almost three
times higher in obese people than in others in this study.
Likewise, in a French study, the incidence of mediastinitis
was 5.6% in patients with BMI> 30 compared with 2.0% in
those who had a lower BMI [18]. The real mechanism that
leads obesity to this complication is poorly understood
and probably multifactorial.  It may be related to technical
factors during surgery, such as difficulties with skin
preparation, an increase in the transoperative period,
increased bleeding and ineffective antibiotic prophylaxis,
since such patients have a greater distribution volume and
penetration of drugs in adipose tissue [9].

As well as obesity, COPD was also an important risk
factor for mediastinitis, with OR 2.6 95% CI 1.7 to 4.1 in the
logistic regression. This condition adds 2 points to the risk
score. The risk estimatation proposed in the Guidelines of
the ACC / AHA [19] also presents COPD as a risk factor,
adding two points to its score. In the Gardlund’s et al.
retrospective study [20], COPD was an independent risk
factor for mediastinitis (P <0.001), as well as in a study that
included 15.406 patients undergoing CABG, where 25.9%
of COPD patients developed mediastinitis [13].

Patients with class IV stable and unstable agina
constitute 38.5% of our sample, and 4.4% of patients
developed mediastinitis, compared with 2.7% in those with
angina class I, II or III. They contributed one point in the
risk score, with OR 1.7, 95% CI (1.1 - 2.6). It has not been
possible to identify relevant studies citing the presence of
angina as a risk predictor for mediastinitis in patients
undergoing cardiac surgery. The postoperative multiple
transfusions were considered as an independent risk
predictor for mediastinitis, adding one point to the score.

Another risk score for mediastinitis after CABG was
developed in a hospital in Australia, and found an
association between blood transfusion and increased
incidence of infection, with OR 3.6, 95% CI 2.1 to 6.1, in the
multivariate analysis. It may lead to an effect of
immunosuppressive transfusion, which predisposes
patients to infection [12]. This score does not provide
perfect discrimination as other risk models for mediastinitis
after cardiac surgery, and it is considered reasonable (area
under ROC curve 0.72, 95% CI 0.67 to 0.78). The inclusion
of new variables may increase the model accuracy. The
population growth (n) makes the emergence of other
variables possible, even those that were not significant in
the multivariate analysis, as well as the variables validation
in other institutions.
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