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Abstract

OBJECTIVES: Sternal dehiscence and mediastinitis are rare but serious complications following cardiac surgery. The aim of this study
was to investigate the influence of the number of sternal wires used for chest closure on sternal complications.

METHODS: From May 2003 to April 2007, 4714 adult patients received cardiac surgery in our institute. X-ray images of all patients
were reviewed and the used wires were counted. Patients who received another material or longitudinal wiring technique according to
Robicsek for chest closure were excluded from this analysis; thus 4466 patients were included into the final analysis. Figure-of-eight
wiring was counted as two wires.

RESULTS: Sternal complications occurred in 2.4%, and hospital mortality with or without sternal complications were 2.8 and 2.7%, re-
spectively (P = 0.60). Mean numbers of sternal wires were 7.8 in both patient groups with or without sternal complications (P = 0.79).
Multivariate analysis revealed diabetes mellitus [odds ratio (OR) 1.54, 95% CI 1.01–2.34, P = 0.04], chronic obstructive pulmonary disease
(OR 1.85, 95% CI 1.12–2.79, P = 0.01) and renal insufficiency (OR 1.70, 95% CI 1.11–2.59, P = 0.001) as significant risk factors for sternal
complications. In high-risk patients, the use of less than eight wires was significantly associated with postoperative sternal complica-
tions.

CONCLUSIONS: Particularly in high-risk patients, careful haemostasis should be done and eight or more wires should be used to avoid
sternal complications.
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INTRODUCTION

Sternal dehiscence and mediastinitis are rare but serious compli-
cations following cardiac surgery. They occur in 0.3–5% of all
cases and are associated with a mortality rate of 14–40%, par-
ticularly in cases where mediastinitis supervenes [1–4]. It is well
known that an inadequate sternal closure leads to a sternal in-
stability [5]. Therefore, diverse techniques have been devised to
reduce sternal instability [6–10], but a final solution has not been
found yet.

The sternum is closed normally with steel wires and the
tension acting on each single wire depends on the total number
of wires. Therefore, the total number of wires has an impact on
the holding power of the sternum and this fact may be a key to
reducing postoperative sternal instability. However, there have
been only a few clinical reports studying the relationship
between the number of wires and postoperative sternal instabil-
ity. Indeed, this may not be so relevant in low-risk patients, but
could play an important role in a high-risk cohort.

The aims of the present study were (i) to investigate the rela-
tionship between the number of wires and the postoperative oc-
currence of a sternal instability, (ii) to clarify the risk factors for a
postoperative sternal instability and (iii) to find a patient cohort
who would benefit from more sternal wires.

PATIENTS AND METHODS

From May 2003 to April 2007, 4714 adult patients received
cardiac surgery via median sternotomy in our institute. X-ray
images of all patients were reviewed and the wires used were
counted. Among these patients, those who received another ma-
terial or a longitudinal wiring technique according to Robicsek
for chest closure were excluded from this analysis. Thus, 4466
patients were included in the final analysis. Figure-of-eight
wiring was counted as two wires. Medical records that were pro-
spectively collected into an institutional data base were retro-
spectively reviewed. Re-wiring for sternal instability and/or
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surgical intervention for mediastinitis was defined as sternal
complication. This retrospective study was approved by the insti-
tutional ethical board.

Statistical analyses

Results are expressed as mean ± SD. Statistical analysis was per-
formed using the Mann–Whitney U-test for continuous variables
or χ2 tests (Fisher’s exact tests if n < 5) for categorical variables.
Logistic regression was also used for the multivariate analysis of
risk factors for mortality. A P-value < 0.05 was considered signifi-
cant. All statistical analyses were performed using SPSS 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA).

RESULTS

Demographic description

Distribution of the number of used wires is demonstrated in
Fig. 1. The mean number of used wires was 7.8 ± 1.0.

Univariate analysis

Among 4466 patients, 106 patients suffered from sternal compli-
cations. The results of univariate analyses for sternal complica-
tion are listed in Table 1. Among the preoperative parameters,
the following were statistically significant factors: male gender,
hyperlipidemia, history of smoking, peripheral arterial disease,
diabetes mellitus, chronic obstructive pulmonary disease
(COPD), preoperative renal insufficiency and regular intake of
steroids. Among the intraoperative parameters, the use of a thor-
acic artery as bypass vessel was the only significant risk factor.
Among the postoperative factors, the following were significant:
re-thoracotomy for bleeding, postoperative liver insufficiency,
postoperative renal failure, postoperative respiratory failure,
laparotomy for gastroenterological complications, prolonged

ventilation and prolonged intensive care unit (ICU) stay. The
number of used wires did not differ between the two groups.

Multivariate analysis for preoperative factors

To identify a high-risk cohort for postoperative sternal instability,
a multivariate analysis for preoperative factors was performed
and the results are demonstrated in Table 2. Diabetes mellitus,
COPD and renal insufficiency were independent risk factors.
From the three above-mentioned independent risk factors,

the following seven groups were generated for further analyses.

(i) diabetes mellitus only; n = 1119,
(ii) COPD only; n = 1059,
(iii) renal insufficiency only; n = 974,
(iv) diabetes mellitus + COPD; n = 280,
(v) diabetes mellitus + renal insufficiency; n = 354,
(vi) COPD + renal insufficiency; n = 304 and
(vii) diabetes mellitus + COPD + renal insufficiency; n = 111.

Comparison of the number of wires between
groups of high-risk patients with or without a
sternal complication

The mean number of used wires was compared between the
high-risk patients with or without a sternal complication and the
results are demonstrated in Table 3. In the group of patients
with diabetes mellitus + COPD (7.24 ± 0.97 with sternal complica-
tion vs 7.75 ± 1.04 without sternal complications, P = 0.05) and in
the group with diabetes mellitus + COPD + renal insufficiency
(7.00 ± 0.94 with sternal complication vs 7.84 ± 0.90 without
sternal complications, P = 0.01), the difference was significant.

Occurrence of sternal complications in high-risk
patients receiving seven or more wires

The occurrence of sternal complications in patients who received
seven or more wires and in patients who received six wires was
compared in each high-risk group and the result is listed in
Table 4. The occurrence of sternal complications was significantly
lower in patients who received seven or more wires than in
patients who received six wires in the group with diabetes melli-
tus (3.1 vs 7.1%, P = 0.02), in the group with diabetes mellitus +
COPD (4.9 vs 14.7%, P = 0.02), in the group with COPD + renal in-
sufficiency (5.1 vs 14.3%, P = 0.05) and in the group with diabetes
mellitus + COPD + renal insufficiency (6 vs 36.4%, P = 0.001).

Occurrence of sternal complications in high-risk
patients receiving eight or more wires

The occurrence of sternal complications in patients who received
eight or more wires and in those who received seven or less
wires was compared in each high-risk group and the result is
listed in Table 5. The occurrence of sternal complication was sig-
nificantly lower in patients who received eight or more wires
than in those who received seven wires only in the group with
diabetes mellitus (2.7 vs 5.1%, P = 0.04).Figure 1: Distribution of number of wires.
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Occurrence of sternal complications in high-risk
patients receiving nine or more wires

The occurrence of sternal complications in patients who received
nine or more wires and in patients who received eight or less

wires was compared in each high-risk group and the result is
listed in Table 6. There was no significant difference in any
group.

DISCUSSION

The crucial findings of the present study were that (i) the
number of wires had no influence on sternal complications in
the entire patient cohort, (ii) preoperative parameters, diabetes
mellitus, COPD and preoperative renal insufficiency were inde-
pendent risk factors for postoperative sternal complications in
our study cohort and that (iii) the number of wires had a signifi-
cant impact on the frequency of sternal complications in the
high-risk patient cohort.
In the present study, a mediastinitis and a sternal instability

that needed a surgical re-fixation were both analysed as a
‘sternal complication’ because it turned out to be very complex

Table 2: Multivariate analysis for preoperative patient
characteristics

OR 95% CI P-value

Diabetes mellitus 1.54 1.01–2.34 0.04
COPD 1.85 1.12–2.79 0.01
Renal insufficiency 1.70 1.11–2.59 0.01

COPD: chronic obstructive pulmonary disease.

Table 1: Univariate analyses for sternal complication

With sternal complication (n = 106) Without sternal complication (n = 4360) P-value

Preoperative patient characteristics
Age (years) 67.9 ± 9.4 66.5 ± 10.8 0.18
Gender (male) 87 (82.1%) 3115 (71.4%) 0.01
Body mass index (kg/m2) 29.4 ± 4.7 28.1 ± 4.3 0.11
Hypertension 99 (93.4%) 3882 (89.0%) 0.15
Hyperlipidemia 86 (81.1%) 3138 (72.0%) 0.03
Smoking 60 (56.6%) 1957 (45.0%) 0.02
Pulmonary hypertension 21 (19.9%) 909 (21.0%) 0.78
Re-operation 5 (4.7%) 284 (6.5%) 0.45
Peripheral vascular disease 27 (25.5%) 611 (14.0%) 0.001
Diabetes mellitus 40 (37.7%) 1079 (24.7%) 0.001
Obstructive pulmonary disease 43 (40.6%) 1016 (23.3%) 0.001
Renal insufficiency 39 (36.8%) 935 (21.4%) 0.001
Liver cirrhosis 3 (2.8%) 46 (1.1%) 0.08
Immune suppression 1 (0.9%) 54 (1.2%) 0.78
Steroids 8 (7.5%) 161 (3.7%) 0.04
Emergency 13 (12.3%) 771 (17.7%) 0.14
Body mass index 29.5 ± 4.69 28.14 ± 43.7 0.75
NYHA 3.3 ± 0.7 3.2 ± 0.8 0.09
Ejection fraction 45.2 ± 19.0 54.7 ± 18.0 0.23

Intraoperative parameters
Duration of OP 235.3 ±77.6 225.7 ±81.4 0.23
Bypass duration 110.9 ±39.1 113.8 ±50.5 0.56
Aortic clamp duration 62.8 ±24.6 64.3 ±30.5 0.63
Core body temperature 32.3 ±1.2 31.93 ±2.4 0.12
Use of ITA 64 (60.4%) 2152 (49.4%) 0.03
Assist device 0 (0%) 9 (0.2%) 0.63
IABP 5 (4.7%) 343 (7.8%) 0.22
Number of wires 7.8 ± 1.0 7.8 ±1.0 0.73

Postoperative complications
Re-thoracotomy 25 (23.6%) 279 (6.4%) 0.001
Postoperative psychosis 19 (17.9%) 610 (14.0%) 0.25
Postoperative neurological complications 2 (1.9%) 166 (3.8%) 0.30
Postoperative heart failure 17 (16.0%) 595 (13.7%) 0.48
Postoperative liver failure 7 (6.6%) 100 (2.3%) 0.01
Postoperative renal failure 14 (13.2%) 277 (6.4%) 0.01
Postoperative respiratory insufficiency 15 (14.2%) 314 (7.2%) 0.01
Postoperative immune suppression 5 (4.7%) 113 (2.6%) 0.18
Laparotomy 5 (4.7%) 74 (1.7%) 0.02
Postoperative MI 7 (6.6%) 140 (3.2%) 0.54
Duration of ventilation (hours) 87.8 ± 248.0 48.4 ± 130.0 0.01
Intensive care duration (days) 6.58 ± 11.6 3.6 ± 6.9 0.001

IABP: intra-aortic balloon pumping; OP: operation; ITA: internal thoracic artery; MI: myocardial infarction.
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Table 4: Occurrence of sternal complications in high-risk patients who received equal or more than seven wires

Wires ≥7 Wires <7 P-value

Diabetes mellitus (n = 1119) 31/993 patients (3.1%) 9/126 patients (7.1%) 0.02
COPD (n = 1059) 36/951 patients (3.8%) 7/108 patients (6.5%) 0.18
Renal insufficiency (n = 974) 34/873 patients (3.9%) 5/101 patients (5.0%) 0.61
Diabetes mellitus + COPD (n = 280) 12/246 patients (4.9%) 5/34 patients (14.7%) 0.02
Diabetes mellitus + renal insufficiency (n = 354) 14/316 patients (4.4%) 4/38 patients (10.5%) 0.10
COPD + renal insufficiency (n = 304) 14/276 patients (5.1%) 4/28 patients (14.3%) 0.05
COPD + renal insufficiency + diabetes mellitus (n = 111) 6/100 patients (6%) 4/11 patients (36.4%) 0.001

COPD: chronic obstructive pulmonary disease.

Table 5: Occurrence of sternal complications in high-risk patients who received equal or more than eight wires

Wires ≥8 Wires <8 P-value

Diabetes mellitus (n = 1119) 20/729 patients (2.7%) 20/390 patients (5.1%) 0.04
COPD (n = 1059) 26/702 patients (3.7%) 17/357 patients (4.8%) 0.41
Renal insufficiency (n = 974) 27/653 patients (4.1%) 12/321 patients (3.7%) 0.76
Diabetes mellitus + COPD (n = 280) 8/178 patients (4.5%) 9/102 patients (8.8%) 0.14
Diabetes mellitus + renal insufficiency (n = 354) 11/235 patients (4.7%) 7/119 patients (5.9%) 0.62
COPD + renal insufficiency (n = 304) 10/204 patients (4.9%) 8/100 patients (8%) 0.28
COPD + renal insufficiency + diabetes mellitus (n = 111) 4/73 patients (5.4%) 6/38 patients (15.8%) 0.07

COPD: chronic obstructive pulmonary disease.

Table 3: Comparison of the mean number of wires in different groups of high-risk patients

Occurrence of sternal
complication (%)

Number of wires in patients
with sternal complication

Number of wires in patients
without sternal complication

P-value

Diabetes mellitus (n = 1119) 3.6 7.50 ± 1.18 7.76 ± 1.00 0.06
COPD (n = 1059) 4.0 7.63 ± 1.00 7.80 ± 0.98 0.27
Renal insufficiency (n = 974) 4.0 7.81 ± 1.00 7.87 ± 1.10 0.70
Diabetes mellitus + COPD (n = 280) 6.1 7.24 ± 0.97 7.75 ± 1.04 0.05
Diabetes mellitus + renal insufficiency (n = 354) 5.1 7.78 ± 1.40 7.80 ± 1.04 0.88
COPD + renal insufficiency (n = 304) 5.9 7.50 ± 1.04 7.83 ± 0.96 0.16
COPD + renal insufficiency + diabetes mellitus (n = 111) 9.0 7.00 ± 0.94 7.84 ± 0.90 0.01

COPD: chronic obstructive pulmonary disease.

Table 6: Occurrence of sternal complications in high-risk patients who received equal or more than nine wires

Wires ≥9 Wires <9 P-value

Diabetes mellitus (n = 1119) 6/181 patients (3.3%) 34/938 patients (3.6%) 0.83
COPD (n = 1059) 7/181 patients (3.9%) 36/878 patients (4.1%) 0.88
Renal insufficiency (n = 974) 9/170 patients (5.3%) 30/804 patients (3.7%) 0.34
Diabetes mellitus + COPD (n = 278) 1/45 patients (2.2%) 16/235 patients (6.8%) 0.23
Diabetes mellitus + renal insufficiency (n = 354) 4/61 patients (6.6%) 14/293 patients (4.8%) 0.56
COPD + renal insufficiency (n = 304) 3/54 patients (5.6%) 15/250 patients (6%) 0.90
COPD + renal insufficiency + diabetes mellitus (n = 111) 0/19 patients (0%) 10/92 patients (10.9%) 0.13

COPD: chronic obstructive pulmonary disease.
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to retrospectively identify a pure mechanical sternal instability
without any infection. In our experience, probably similar to that
of others, it is relatively easy to diagnose a mediastinitis with
bacteriological evidence, but it is sometimes rather difficult to
clarify that there is definitively no infection in a case of a sternal
instability. However, sternal instability is a well-known trigger for
mediastinitis as pointed out by Robicsek et al. [5] and therefore,
the joint analysis of sternal instability and mediastinitis, as per-
formed in the present study may be well justified.

There have been few clinical studies about the relationship
between the number of wires and postoperative sternal compli-
cations. Friberg et al. [11] reported that among 1012 patients
undergoing sternotomy for cardiac surgery, the incidence of
deep sternal wound infection was 4.2% in patients with six or
fewer wires and 0.4% in patients with seven or more wires (P =
0.001). This is the only work published so far that has focused on
the relationship between the number of wires and the rate of
sternal complications in a clinical setting.

In contrast to the results reported by Friberg et al. [11], there
was no difference in the number of wires between patients with
and without sternal complication in our entire study cohort.
Sternal complications are relatively rare, as indicated by previous
studies [1–5], and this is in line with the rate of 2.4% in our entire
patient cohort. Under the requisite of α = 0.05 and β = 0.80,
�4000 patients will be needed in each arm to detect a signifi-
cant difference between 2 and 3% according to a simple size
power analysis. This may be the reason for our results as
obtained for the entire cohort.

For the purpose of the present study, the number of wires was
manually counted in X-ray images of 4714 patients in a tedious
work. An analysis of the number of sternal wires in 4000 patients
in each arm (total 8000 patients) appeared to be unrealistic and
therefore, our further analyses were focused on high-risk patients.

In the present study, according to the univariate analysis, the
following significant risk factors that are similar to those of previ-
ous studies [12–15] were detected: male gender, hyperlipidemia,
history of smoking, peripheral arterial disease, diabetes mellitus,
COPD, preoperative renal insufficiency, the intake of steroids, the
use of a thoracic artery for bypass grafting, re-thoracotomy for
bleeding, postoperative liver insufficiency, postoperative renal
failure, postoperative respiratory failure, laparotomy for gastro-
enterological complications, extended duration of ventilation
and prolonged ICU stay. Among those factors, only preoperative
factors were included in the further multivariate analysis because
the intra- and postoperative factors could not have an impact on
the wiring technique. Thus, diabetes mellitus, COPD and pre-
operative renal insufficiency were identified as independent risk
factors.

In a high-risk cohort, the number of used wires had a signifi-
cant impact on the occurrence of sternal complications. In brief,
a sternal closure with seven or more wires had an advantage
when compared with the use of six or less wires in patients with
diabetes mellitus, diabetes mellitus and chronic obstructive pul-
monary disease, COPD and renal insufficiency and with diabetes
mellitus, COPD and renal insufficiency. A sternal closure with
eight or more wires had an advantage over seven or less wires
only in patients with diabetes mellitus. A sternal closure with
nine or more wires had no more advantage when compared
with a closure with eight or less wires. These data indicate that a
sternal complication may be reduced with a strategy of using
more wires; however, a sternal closure with nine or more wires
may bring no additional advantage.

Sternal complications depend on multiple factors. The preven-
tion of a bacterial contamination and other technical influences
(the width and tightness of wiring and the accuracy of a midline
sternotomy) were not analysed in the present study. In many
institutions, a sternotomy and fixation of the sternum are often
performed by residents, and the results are not homogeneous in
technical aspects. However, the number of wires can be easily
controlled. We do not think that a sternal complication could be
prevented completely only through the improvement of sternal
stability, but the results of the present study suggest that a
certain reduction of sternal complications may be expected by
an ‘eight wires policy’.

STUDY LIMITATION

In this study, the use of the bilateral internal thoracic arteries was
not analysed due to the lack of information on the use of the
right internal thoracic artery in our database, which has been ex-
tremely rarely used in our institute during the study period of
time. The usage of the bilateral internal thoracic arteries is a well-
known risk factor for sternal complications [15], and therefore it
may be a limitation of the present study. As another study limita-
tion, it should be noted that the occurrence of sternal complica-
tions was lower in the present study than in other previously
reported series [5, 15]. As described in the Patients and Methods
section, only those patients who received a surgical intervention
performed in the odds ratio for sternal complications were identi-
fied as patients with sternal complications. Therefore, patients
with superficial surgical site infection successfully treated with
conservative measures were not taken into account.

CONCLUSIONS

In the present study, it was demonstrated that (i) the number of
wires had no influence on sternal complications in the entire
patient cohort, (ii) the preoperative parameters, diabetes melli-
tus, COPD and preoperative renal insufficiency were independ-
ent risk factors for postoperative sternal complications in our
study cohort and that (iii) the number of wires had a significant
impact on sternal complications in the high-risk patient cohort.
The results of the present study suggest that a certain reduction
of sternal complications may be expected with an ‘eight wires
policy’.

Conflict of interest: none declared.
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