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repeated surgical interventions, is the rule. Mortality is 
significant, reaching up to 40% in various studies.(1)

It has been postulated that mediastinal infections 
following sternotomy start in a limited area of the sternum, 
manifesting as osteomyelitis, with minimal or no external 
signs of infection.(5,6) Dehiscence of the sternum occurs a 

Introduction 

Suppurative mediastinitis following sternotomy is an 
extremely severe complication of open heart surgery, occur-
ring in 0.4 to 5% of the cases.(1,2) The mean incidence in 
the largest, most recent reviews is approximately 1%.(2-4) A 
second operation for debridement and drainage, together 
with long-term hospitalization for antibiotic therapy and 
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Abstract
Objective: To evaluate the impact of an aggressive treatment approach using muscle flaps or omentopexy in infections of the sternum 
and anterior mediastinum following sternotomy on mortality, as compared to that of a conservative treatment approach. Methods: Data 
were collected prior to, during and after the surgical procedures. Group A (n = 44) included patients submitted to conservative treatment—
debridement together with resuture or continuous irrigation with polyvinylpyrrolidone-iodine solutions, or even with second-intention 
wound healing (retrospective data). Group B (n = 9) included patients in whom infection was not resolved with conservative treatment, and 
who therefore underwent aggressive treatment (intermediate phase). Group C (n = 28) included patients primarily submitted to aggressive 
treatment (prospective data). Results: Postoperative hospital stays were shorter in the patients submitted to aggressive treatment (p < 0.046). 
There were 7 deaths in group A, 1 in group B, and 2 in group C. However, the classical level of significance of α = 0.05 was not reached. 
Conclusion: Aggressive treatment also proved to be effective when the infection was not resolved with conservative treatment. These 
findings demonstrate that the proposed treatment provides excellent results.
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Resumo
Objetivo: Avaliar o impacto do tratamento agressivo com retalho muscular e/ou omentopexia nas infecções do esterno e mediastino anterior 
em pós-operatório de esternotomia sobre a mortalidade, comparando-o ao do tratamento conservador. Métodos: Foram coletados dados 
pré-, trans- e pós-operatórios. O grupo A (n = 44) incluiu pacientes submetidos ao tratamento conservador—desbridamento associado a 
ressutura e/ou a irrigação contínua com solução de polivinilpirrolidona-iodo, ou ainda a cicatrização por segunda intenção (dados retro-
spectivos). O grupo B (n = 9) incluiu pacientes nos quais não houve resolução da infecção com o tratamento conservador e que, por isso, 
foram submetidos ao tratamento agressivo (fase intermediária). O grupo C (n = 28) incluiu pacientes submetidos primariamente ao trata-
mento agressivo (dados prospectivos). Resultados: Identificou-se menor tempo de internação pós-operatória nos pacientes submetidos ao 
tratamento agressivo (p < 0,046). Houve 7 óbitos no grupo A, 1 no grupo B e 2 no grupo C. Entretanto, o nível de significância clássico de 
α = 0,05 não foi atingido. Conclusões: O tratamento agressivo mostrou-se também adequado para aquelas infecções em que o tratamento 
conservador não foi resolutivo. Esses achados demonstram que o tratamento proposto tem excelentes resultados. 
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a technique with which others have also obtained 
favorable results.(7,8,17,18)

In 1980, one group of authors broadened this 
concept and reported their initial experience with 
muscle flaps in the treatment of infections following 
sternotomy—56% presented an inadequate response 
to treatment with closed mediastinal irrigation.(8) 
Morbidity was significantly reduced, and mortality 
decreased concomitantly with the reduction in 
length of hospital stay.

In the following years, numerous pedicle muscle 
flaps were introduced, as an alternative or in 
association, for the treatment of complex sternal 
infections, including the major pectoral, the rectus 
abdominis, and the dorsal muscles.(9,17-21)

Early aggressive treatment has been recom-
mended by various authors. Early diagnosis is 
considered to play a key role in therapeutic success 
in this severe infectious complication following 
sternotomy.(2,9,21)

The objective of this study was to evaluate the 
impact that an aggressive treatment approach using 
muscle flaps or omentopexy in infections of the 
sternum and anterior mediastinum following heart 
surgery has on mortality, as well as its implications 
in terms of hospital stay, as compared to that of 
a conservative treatment approach. In addition, we 
attempted to determine the effectiveness of aggres-
sive treatment in patients in whom the infection 
was not resolved with conservative treatment.

Methods

At the Hospital de Clínicas de Porto Alegre (HCPA, 
Porto Alegre Hospital de Clínicas), all patients who 
developed infection following sternotomy in heart 
surgery—mediastinitis or mediastinitis accompa-
nied by sternal osteomyelitis—between July of 
1987 and July of 2000 were registered. A total of 
2,648  median sternotomies were performed, and 
there were 81 cases of mediastinitis (3.05%).

Group A (n = 44) included patients from the 
retrospective phase (July of 1987 to December of 
1994), in which the procedures recommended were 
exploratory mediastinotomy together with sternal 
curettage or debridement of necrotic tissue with 
second-intention wound healing (open wound), or 
sternal resuture together with continuous irrigation 
of the mediastinum with polyvinylpyrrolidone-

few days thereafter as a consequence of the infec-
tion. Some believe that sternal instability, together 
with disruption of the skin barrier, allows bacteria to 
enter the deeper layers. Others hypothesize that the 
pathogenesis of mediastinitis involves inadequate 
mediastinal drainage, which leads to the appearance 
of a retrosternal collection—dead space—that acts as 
a culture medium for bacterial growth.(2)

It is widely held that the obliteration of this 
retrosternal dead space is one of the most important 
prerequisites for the success of the surgical treat-
ment of mediastinitis following sternotomy.(2,7-9)

Numerous retrospective and prospective studies 
have suggested that there are multiple risk factors 
for infection following median sternotomy, and 
there are frequently discrepancies among them. The 
conflicting data can be attributed primarily to the 
lack of uniformity in the definitions adopted, since 
the complications of median sternotomy range 
from sterile dehiscence to suppurative mediastin-
itis accompanied by osteomyelitis and generalized 
sepsis. The terms sternal osteomyelitis and medias-
tinitis have been mistakenly used as synonyms in an 
attempt to characterize deep sternal wound infec-
tion.(2,10)

Until 1963, infections following sternotomy 
were usually treated with debridement and open 
wound, although complete healing sometimes took 
6 months, and, in many cases, two or more subse-
quent debridements were necessary.(11) High rates of 
severe complications, such as hemorrhage of exposed 
mediastinal vessels, as well as high mortality rates 
(up to 45%), have been reported.(12)

At the time, some authors(13) described the 
technique of closed irrigation of the mediastinum 
with antibiotic solutions via a catheter, together 
with debridement and sternal resuture; a tech-
nique that is still used today.(12) This technique 
reduced mortality to 20%, although reinterventions 
for resection of  fistulae and areas of costochon-
dritis were frequent.(14,15) Studies have identified 
excessive fungal growth, especially of the genus 
Candida,(16) which is why the use of dilute solutions 
of polyvinylpyrrolidone-iodine, which is bacteri-
cidal and fungicidal, and has low toxicity, has been 
recommended. 

The first alternative to closed irrigation of the 
mediastinum was described in 1976, when trans-
position of the greater omentum was used in 
conjunction with bone and cartilage debridement, 
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pleural effusion; bleeding; and areas of osteochon-
dritis with fistulae. Seroma, hematoma, partial or 
complete devascularization of the flap, wound 
dehiscence, abdominal hernia, and abdominal wall 
infection were considered for groups B and C, since 
they are inherent to the techniques employed.

Purulent or fibrinopurulent secretion was 
collected for culture. Areas of necrosis or bone infec-
tion were completely resected. Frequently, when 
the sternum was extremely impaired, we opted for 
sectioning it with a saw (partial or even complete 
sternal resection). We systematically searched for 
recesses or fistulae.

Aggressive treatment involved unilateral or bilat-
eral rotation of the major pectoral muscle, and the 
dislocation of the humeral segment was performed 
in only one side. The omentum was brought up to 
the chest, preferably with the two vascular pedicles 
preserved.

The pectoral muscle flaps were separated from 
the humeral insertion without a counter-incision, 
and vascularization was preserved through the 
thoracoacromial artery branches. The muscle flap 
was then rotated to close the sternal defect, and 
fixed to the rest of the viable sternum or to the 
intercostal muscles. The sternal borders were not 
reapproximated, and suction drainage tubes were 
installed, when necessary, to obliterate the dead 
space.

Omentopexy was performed through a supraum-
bilical midline incision, not in communication with 
the previous incision. The omentum was then trans-
posed to the anterior mediastinum through a tunnel 
created on the anterior surface of the diaphragm 
muscle. It was positioned in order to fill all the dead 
space, including small recesses, and fixed. Fixation 
of the omentum to the diaphragm and aponeurosis 
of the rectus abdominis muscle were performed to 
prevent herniation.

After being discharged from the hospital, 
the patients underwent follow-up treatment at 
the outpatient clinics of the HCPA Departments 
of Thoracic Surgery and Cardiology, involving 
follow-up appointments once a week in the first 
month, once a month for the remainder of the first 
year, and once every six months thereafter.

Initially, quantitative variables were described 
using measures of central tendency (mean and 
median) and measures of dispersion (standard devi-
ation and interquartile range). Qualitative variables 

iodine solution. Of those 44 patients, 12 required a 
second debridement.

Group B (n = 9) included patients from the initial 
prospective phase, in which aggressive treatment, 
with muscle flap or omentopexy, was performed 
after at least one previous intervention involving 
debridement and curettage.

Group C (n = 28) was characterized by aggres-
sive primary treatment following the diagnosis of 
sternal infection or mediastinitis.

This study considered type 2B infections, 
according to the classification by El Oakley & 
Wright,(2) meaning clinical or microbiological 
evidence of infection of presternal tissues and 
sternal osteomyelitis, with or without mediastinal 
sepsis, with or without bone instability, and with 
infection of the retrosternal space.

The study design was approved by the Ethics in 
Research Committee of the HCPA, and included the 
following information:

1)	patient data: age; gender; cardiovascular 
disease; and risk factors, such as chronic 
obstructive pulmonary disease, chronic use of 
immunosuppressants, history of sternotomy, 
obesity (prospective phase), and pyuria 
(prospective phase)

2)	data on the heart surgery: cardiac pathology 
involved; antibiotic prophylaxis; length of 
preoperative hospital stay; surgical time; dura-
tion of extracorporeal circulation; use of the 
internal thoracic artery; need for intra-aortic 
balloon (prospective phase); need for a second 
operation; duration of mechanical ventilation 
(days); blood product transfusions (prospec-
tive phase); and external cardiac massage in 
the postoperative period (prospective phase)

3)	data on the infection: interval between the 
main surgery and the diagnosis of infection; 
microbiological diagnosis; and accompanying 
infections

4)	data on the treatment of the complication: 
surgical procedure(s) performed; antibiotics 
used; length of postoperative hospital stay; 
complications; and mortality

Mortality was defined as death directly related to 
sternal wound infection or death within 30 days after 
the reconstruction. The complications to be consid-
ered were the following: bronchopneumonia; acute 
kidney injury (AKI); urinary tract infection; acute 
respiratory distress syndrome (ARDS); complicated 
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and 60.6 in group C, with standard deviations of 
11.1, 9.7, and 10.2, respectively (p = 0.330).

The cardiovascular pathologies that resulted in 
surgical treatment in the groups studied are listed 
in Table 1. We observed a greater number of infec-
tions in surgeries due to valvular pathology in group 
A, but with no statistically significant differences 
(p = 0.144).

There were no statistically significant differences 
among the groups in terms of the following risk 
factors (potential confounding factors) identified 
in the preoperative period: diabetes (p = 0.8141); 
endocarditis (p = 0.828); obesity (p = 0.783); pyuria 
(p = 0.565); and chronic obstructive pulmonary 
disease (p = 0.410). The number of patients who 
used corticosteroids chronically was found to be 
greater in group C (p = 0.016).

The mean length of preoperative hospital stay 
was shorter in group C, although statistical anal-
ysis revealed no significant differences (p = 0.077). 
Surgical time ranged from 180 to 390 min in group 
A, from 198 to 330 min in group B, and from 240 to 
360 min in group C, and was significantly longer 
in group A (p = 0.042). Duration of extracorporeal 
circulation (p = 0.692), duration of postoperative 
mechanical ventilation (p = 0.526), and use of the 
internal thoracic artery (p = 0.102) revealed no 
significant interference.

The interval between the surgery and the 
diagnosis of infection of the sternum or anterior 
mediastinum ranged from 3 to 26 days in group A, 
from 6 to 38 days in group B, and from 5 to 45 days 
in group C (p = 0.237). In our sample, most infec-
tions were caused by staphylococci.

Means, standard deviations, medians, and inter-
quartile ranges related to the length of postoperative 
hospital stay can be seen in Table 2. Postoperative 
hospital stays was shorter in group C, and this differ-
ence was statistically significant (p = 0.046).

The preoperative complications in the groups 
studied are listed in Table 3. We observe a statisti-
cally significant decrease (p = 0.015) in the number 
of cases of osteomyelitis in group C. In groups B and 
C, there was a tendency, not significant, toward a 
smaller number of infectious complications, such 
as bronchopneumonia (p = 0.468) or urinary tract 
infection (p = 0.498), probably due to the fact that 
the absence of an irrigation device facilitates mobi-
lization and even the return to ambulation. There 

were described using percentages. The intervention 
groups (A, B, and C) were compared in terms of 
these variables.

Quantitative variables were compared using 
analysis of variance, and differences were identified 
using Tukey’s test. In order to compare variables 
with non-normal distribution, we opted for the 
nonparametric Kruskal-Wallis test. In order to 
compare qualitative variables, we used contingency 
tables, and significance was determined using the 
chi-square test.

Finally, mortality was estimated using the 
Kaplan-Meier survival analysis method. Significance 
was calculated and determined using the log-rank 
test.

In this study, the level of significance was set at 
α = 0.05. Data were processed using the Statistical 
Package for the Social Sciences, version 12.0 (SPSS 
Inc., Chicago, IL, USA).

Results

The proportion of males and females in the 
groups studied was similar (p = 0.719). The mean 
age, in years, was 57.9 in group A, 54.8 in group B, 

Table 1 - Cardiovascular pathology in the groups 
studied.

Group IC AD IAC VP
A 28 2 1 13*
B 5 1 0 3
C 23 0 3 2
Total 56 3 4 18

*p = 0.144 (chi-square). IC: ischemic cardiopathy; AD: aorta 
dissection; IAC: interatrial communication; and VP: valvular 
pathology.

Table 2 - Length of postoperative hospital stay (in days) 
in the groups studied.

Groupa Mean ± SD Median (interquartile range)
A 40.1 ± 23.3 34.5 (26.5-45.0)*
B 34.5 ± 8.6 36.0 (30.0-39.0)
C 27.4 ± 17.1 21.0 (17.5-31.0)

SD: standard deviation. aGroup A (n = 44): retrospective phase 
patients undergoing exploratory mediastinotomy together with 
sternal curettage or debridement of necrotic tissue; group B 
(n = 9): initial prospective phase patients receiving aggres-
sive treatment, with muscle flap or omentopexy, after at least 
one previous intervention involving debridement and curet-
tage; group C (n = 28): patients receiving aggressive primary 
treatment following the diagnosis of sternal infection or medi-
astinitis. *p = 0.046 vs. group C (Kruskal-Wallis).
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infection in the sternum or anterior mediastinum. 
Of the remaining 7 patients, 2 underwent follow-up 
treatment for 6 months, 3 underwent follow-up 
treatment for 2 years, and 2 underwent follow-up 
treatment at another facility for one year, without 
presenting any complications.

In group C, there were 2 deaths due to complica-
tions (according to the definition established in this 
study) of heart failure and AKI. Two deaths occurred 
during hospitalization for treatment of the infec-
tion. However, they occurred after postoperative day 
30 and were not directly related to the infection, 
both being due to complications of AKI (postopera-
tive days 42 and 73). The remaining patients were 
evaluated in a period ranging from 2 to 5 years. 
Only 2 presented, as a complication, foreign body 
granuloma in the subcutaneous cellular tissue.

Discussion

A 3.05% incidence of sternal infections or medi-
astinitis is high if compared with those reported in 
some of the largest and most recent studies—values 
of approximately 1%,(6,18,22) although several others 
have reported incidences of up to 5%.(1) There were 
10 in-hospital deaths, corresponding to a mortality 
rate of 12.34%, which is lower than the rates 
reported in most studies—from 14 to 47%.(6,22,23)

The comparison of this mortality rate with that 
found in group C of the present study (close to 
zero) reveals that this technique, though aggressive, 
greatly reduces mortality.(21,24-26)

Regarding risk factors, we did not intend 
to analyze them statistically as a cause of infec-
tion. Rather, we intended to demonstrate that risk 
factors are homogeneously distributed in the groups 
studied, so that none of them would significantly 
alter the number of complications and deaths in the 
groups studied. In other words, risk factors should 
be evaluated as potential confounding factors. The 

were a significantly greater number of cases of AKI 
in group C (p = 0.022).

One patient in group A had hemorrhage with 
cardiac tamponade after debridement, and a second 
intervention with pericardial drainage was neces-
sary. One patient in group B and one in group C 
had hematoma between the subcutaneous tissue 
and the muscle flap, and a second intervention was 
necessary to remove it (p = 0.440).

In group C, there was one case of necrosis/
devascularization of the muscle flap, treated with 
muscle debridement together with omentopexy, 
and one case of devascularization of the omentum, 
treated with debridement together with pectoral 
muscle flap.

The three seromas identified after the removal 
of the drainage tubes were aspirated. Small dehis-
cences are occasionally identified at the incision site 
and treated conservatively by systematic changing 
of the dressings.

The case of diaphragmatic hernia identified in 
group C occurred in postoperative month 11, when, 
during the investigation of a pulmonary nodule, 
loops of small intestine were found in the anterior 
mediastinum. 

Mortality was 15.9% (7 patients) in group  A, 
11.1% (one patient) in group B, and 7.14% 
(2 patients) in group C. There were no significant 
differences among the groups studied.

In group A, one death was due to ventricular 
fibrillation on the first day after debridement. One 
renal transplant patient died due to complications 
of chronic renal failure. The remaining 5 deaths 
were secondary to ARDS.

In group B, there was one death on postopera-
tive day 21 due to cardiac arrhythmia. The death 
occurred on day 37 following partial resection of 
the sternum by omentoplasty was due to bronchop-
neumonia accompanied by AKI and ARDS. However, 
at the time of death, there was no evidence of 

Table 3 - Postoperative complications in the groups studied.
Group Ost* BCP AKI* UTI ARDS Hem CPE N S H wD

A 6a 7 1ª 5 5 1 1 - - - -
B 3a 3 2ª 1 2 1 1 0 1 0 2
C 0b 5 6b 1 2 1 2 2 2 1 5
p* 0.015 0.463 0.022 0.498 0.455 0.440 0.430 0.409 0.704 0.565 0.771

Ost: (chronic) osteomyelitis; BCP: bronchopneumonia; AKI: acute kidney injury; UTI: urinary tract infection; ARDS: acute respiratory 
distress syndrome; Hem: hematoma or hemorrhage; CPE: complicated pleural effusion; N: necrosis (of the muscle flap or omentum); 
S: seroma; H: hernia; and wD: wound dehiscence. *p < 0.05 (chi-square). ª and bStatistically significant differences.
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tion. However, cartilage resection substantially 
increases the dead space, which demands that 
major surgery be performed to fill it. In these situ-
ations, reconstructions using a variety of muscle 
flaps, sometimes together with omentoplasty, 
have been described.(8,9,27,29,30) In the present study, 
major pectoral muscle flaps were used in conjunc-
tion with omentopexy in 10 of the patients in 
groups B and C.

In the immediate postoperative period, there 
was no evidence of ventilatory failure of mechanical 
origin secondary to chest wall instability resulting 
from this treatment.(18,19,21)

In the present study, the mean length of post-
operative hospital stay decreased from 40.1 days 
(conservative treatment) to 27.4 days (aggressive 
treatment), which resulted in early rehabilitation 
and lower hospital costs. This datum is comparable 
to those reported in other studies.(17,18,21,27,30)

The complications found in our study are those 
inherent to the treatment performed. In group A, in 
which the treatment was debridement together with 
second-intention granulation or continuous irriga-
tion, we identified 6 cases of chronic osteomyelitis 
with fistulae in which one or more debridements 
were necessary to resolve the problem. This seems 
to be a direct consequence of bone exposure and 
suggests that some alternative must be found in 
order to resolve the primary infection.

It is of note that the mean postoperative hospital 
stay after the diagnosis of infection decreased from 
40.1 days (conservative treatment) to 27.4 days 
(aggressive treatment). This difference was statisti-
cally significant (p = 0.046).

The most important finding in this study seem 
to be related to mortality secondary to aggressive 
treatment with muscle flap or omentopexy in infec-
tions of the sternum or anterior mediastinum. The 
mortality found in groups B (11.1%) and C (7.14%) 
was lower than that found in group A (15.9%). 
However, the classical level of significance of 
α = 0.05 was not reached.

Although this study was not randomized, which 
represents data bias, this does not invalidate the 
results listed.
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