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ABSTRACT

Background: Sternal wound complications pose a tre-
mendous challenge post-cardiac surgery. There’s no consen-
sus or clear guidelines to deal with them. We propose that 
simple and more objective classification helps to organize the 
range of sternal wound complications and suggest a relevant 
treatment strategy.

Methods: One-hundred-sixteen cases of sternal wound 
complications retrospectively were reviewed out of 2,391 
adult patients, who underwent full sternotomy during cardiac 
surgery from 2006 to 2018. Eighty-six cases conservatively 
were managed and the remaining 30 cases required surgical 
intervention. More objective classification was proposed and 
less invasive fasciocutaneous flap was considered for nearly all 
reconstructive procedures.

Results: The incidence of sternal wound complications 
was 4.8%. Conservative management was adopted for 86 
cases, mean duration was 11.19 ± 9.8 days. Surgical manage-
ment was performed in 30 patients (25.86%); 28 (93.3%) 
of whom recovered with good outcomes with less invasive 
fasciocutaneous flap done for 13 cases. Two cases had recur-
rence; one conservatively was managed and other was reop-
erated and healed well. The most common organisms in 
recurrent infections were N. coagulase (29.8%), Klebsiella 
(12.5%), pseudomonas (10.5%), and MRSA (10.5%). We had 
4 mortalities. None of the mortalities were related to sternal 
wound complications; one was related to the cardiac surgery.

Conclusions: Sternal wound complications are grave 
events. Objective classification and proper management 
selection will gain better outcomes.

INTRODUCTION

Median sternotomy provides an excellent approach for 
cardiac surgery. It first was described by Milton in 1897 
[Dalton 1992]. The incidence of sternal wound complica-
tions (SWC) ranges from 0.4% to 8%, with a high morbidity 

rate causing prolonged hospital stay and mortality rate of 
14% to 47% [Thomas 2001; Bitkover 1998; Tavolacci 2003; 
Hirata 2003; Al-Ebrahim 2008]. Due to the recent increase 
of surgical options, it has become necessary to classify these 
wounds to assist the surgical decision-making process and 
facilitate the exchange of knowledge in scientific reports. The 
first classification was described by Pairolero and Arnold in 
1984 [Pairolero 1984]. Based on our experience, we propose 
simple and more objective classification, regarding suitable 
treatment strategy rather than clinical and anatomical differ-
entiation of the wound. Additionally, we consider the use of 
less invasive fasciocutaneous flap as an excellent reconstruc-
tion option to treat most sternal wound complications and 
even sternal bone loss [Anger 2012]. This saved patients from 
the unnecessary use of more invasive muscle or omental flaps, 
other major morbidities, or even mortality.
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MATERIALS AND METHODS

From June 2006 to December 2018, 2,391 adult patients 
underwent full sternotomy during cardiac surgery in our 
hospital. One-hundred-sixteen patients with sternal wound 
complications retrospectively were reviewed; 86 of these 
cases conservatively were managed and the other 30 cases 
required surgical intervention. For infection prophylaxis, 
we used 1.5 g of first-generation cephalosporin (cefurox-
ime), which was administered during induction of anaes-
thesia, followed by 0.75 g every 8 hours. Vancomycin (500 
mg) intravenously was given to patients every 12 hours, if 
they were allergic to penicillin or cephalosporins. Assess-
ment of SWC was based on clinical signs of sepsis, wound 
description, positive culture, CT findings of mediastinal 
collections, sternal instability, and surgical findings of ster-
nal bone loss. We used Pairolero classification to look at 
the postoperative period that installs the infectious pro-
cess in the surgical wound. Type I in the first week, Type 
II between 2 to 6 weeks, and Type III after 6 weeks to years 
(in general are fistulas and chronic osteomyelitis [Pairolero 
1984]. We also applied classification proposed by Anger and 
colleagues based on anatomical site and depth of infection 
[Anger 2015]. These include Type I skin and subcutaneous 
tissue, Type II exposure of the sternum or ribs, Type III 
bone loss of sternum or ribs, and Type IV exposed mediasti-
num. We applied our own classification and algorithm; both 
are more objective to select the suitable therapy according 
to wound description (Table 1 and Figure 1). We mentioned 
only the specific main therapeutic modality for each class 
of SWC and neglected the nonspecific modalities, like pre-
operative preparation of the wound by conservative anti-
microbial period with or without negative pressure wound 
therapy, to avoid dispersal and achieve focused and rapid  
access management.

Surgical decision making: Selection of surgical pro-
cedure mainly depends on detection of sternal exposure, 
sternal instability, extent of sternal bone loss, and feasible 
wound approximation, as shown in Table 1 and Figure 1. 
Our preferred reconstructive technique is the bilateral fas-
ciocutaneous pectoral flap in sternal wound complications 
with exposed sternum, sternal bone loss, and even select 
cases of major bone loss. We consider major bone loss if 
greater than 50% of the sternum is affected with exposure 
of the mediastinum. We used it in 13 cases out of 30 sur-
gical cases, reserving the use of more invasive other muscle 
or omental flaps for more complex cases with almost total 
sternal bone loss or infeasible wound approximation. Our 
selection of this technique depends on feasible wound 
approximation, preservation of residual sternal bone, and  
intact manubrium.

Technique: We carefully used dissecting scissors to under-
mine the bilateral pectoral fasciocutaneous flap, saving the 
pectoralis major muscle. The extent of dissection is defined, 
according to site of sternal bone loss and the possibility of 
approximation, in most cases lateral toward the midclavicular 
line and from suprasternal notch down to xiphoid. After good 
debridement, cleaning of the wound and rewiring, we closed 
the edges of the bilateral flaps together as one thick layer with 
transverse mattress tension sutures using  polypropylene size 
1 with simple interlacing 3/0 polypropylene stitches for skin. 
To enhance healing and adhesion of the flap to the sternum, 
we inserted a vacuum tube drain in front of the sternum and 
adhesive compression dressing to the wound. For more com-
plex cases, we used the right rectus abdominis muscle flap in 
2 cases and the bilateral pectoralis major flap in 1 case. Data 
obtained from medical records were compiled in an Excel 
spreadsheet and categorical variables presented as frequency 
and percentage. Continuous variables are presented as mean 
± standard deviation.

Table 1. Authors’ Classification of post sternotomy wound complications and strategy of management

Type 1

Description of the wound Recommended management

Skin and subcutaneous tissue
Conservative management ± VAC if failed Surgery:  
debridement + direct soft tissue closure

Type II

Exposure of the sternum without 
instability

VAC if failed Surgery: debridement + (direct soft tissue 
closure or fasciocutaneous pectoral flap)

Type III

A Non infected sternal instability Surgery: rewiring

B Infected sternal instability with minor bone loss
Surgery: debridement + rewiring + (direct soft tissue 
closure or fasciocutaneous pectoral flap)

C Infected sternal instability with major bone loss
Surgery: debridement + rewiring + fasciocutaneous pec-
toral flap for feasible wound approximation OR Muscle 
or omental flap for infeasible wound approximation

Type IV

Chronicity: sinuses, abscesses Surgery: debridement
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RESULTS

The incidence of SWC in our center was 4.8%. The peri-
operative patients' characteristics are shown in the second 
table (Table 2).

The mean duration to diagnose the SWC post primary 
operation was 37.04 ± 86.35 days. Computerized tomography 
(CT) was ordered for 10 patients for assessment of sternal 
stability and possible retrosternal collection, other diagnostic 
data is shown in Table 3 (Table 3). 

Conservative management was adopted for 86 patients. The 
mean duration of conservative management was 11.19±9.8 
days. Surgical management was performed in 30 patients 
(25.86%). Therapeutic measures are shown in Table 2.

Outcome after surgical management of SWC: Twenty-
eight (93.3%) of our patients recovered and healed well after 
surgical intervention for SWC. Only 3 cases needed muscle 
flap, 1 pectoralis major and 2 rectus abdominis, however fas-
ciocutaneous pectoral flap was performed for 13 cases with 
good outcomes. One exception was a recurrent case that was 
managed by the right rectus abdominis muscle flap (Figure 
2). Two patients had recurrence – one conservatively was 
managed and the other was reoperated and healed well. The 
most common organisms identified with recurrent infections 
were N. coagulase (29.8%), Klebsiella (12.5%), pseudomonas 
(10.5%), and MRSA (10.5%). Other pathogens are shown in 
Table 3. Two cases were complicated because of inadvertent 
injury to the right ventricle, during dissection to release the 
sternum from the pericardium. We were obliged to conduct 
cardiopulmonary bypass through femoro-femoral cannula-
tion, and both patients survived. We had 2 mortalities; nei-
ther was related to SWC. One was related to the cardiac pro-
cedure, and she was operated for CABG and had low cardiac 
output syndrome postoperatively. Intra-aortic balloon coun-
terpulsation (IABP) was inserted, and the chest left open for 
3 days.  She developed SWC, and MRSA was isolated from 
wound culture. Rewiring and pectoral muscle flap were done. 
Unfortunately, this patient died from cardiogenic shock 27 
days postoperatively. The other case died from septic shock, 
due to an aggressive chest infection.

DISCUSSION

Deep sternal wound complications represent a signifi-
cant problem in open heart surgery and pose a challenge 
to surgeons. The dehiscence and infection after median 
sternotomy increases the patient's morbidity and mortality 
[Thomas 2001; Bitkover 1998; Tavolacci 2003; Hirata 2003;  
Al-Ebrahim 2008]. Reported common risk factors include old 
age, use of bilateral mammary artery, prolonged surgery, low 
cardiac output, reoperation for bleeding, prolonged mechani-
cal ventilation, diabetes mellitus, obesity, and chronic obstruc-
tive pulmonary disease [Dalton 1992; Thomas 2001; Bitkover 
1998; Balachandran 2016]. In our study, female gender, DM, 
obesity, COPD, and long ICU stay were frequent common 
risk factors. Uncommon risk factors identified included tra-
cheostomy, delayed sternal closure, refractory cough, and 

excessive blood transfusion. N. coagulase, Klebsiella, pseudo-
monas, and MRSA represented the most common organisms 

Table 2. Perioperative patients' characteristics

Variable Value

Age, mean ±SD 62 ± 10.36

Sex F/M 53/63

Mean BMI ±SD 29.12 ± 4.79

DM 105 (90.5%)

Hypertension 86 (74.13%)

Dyslipidemia 84 (72.41%)

Smoking 38 (32.75%)

Creatinine >115 µ mol/L 39 (33.62%)

Immunocompromised 6

On corticosteroids 8

COPD 11

Effusions 6

Primary surgical procedure

CABG 113 (97.4%)

CABG ±AVR 1

Other procedures 2

Pedicled ITA use

None 2

Single 107

Bilateral 7

Mean aortic cross clamp time (min.) ±SD 75.9 ± 30.6

Mean bypass time (min.) ±SD 113.55 ± 36.14

Unit of transfused packed RBCs mean ±SD 4.7 ± 2.7

Duration of MV (days) 3.5 ± 3.5

Tracheostomy 2

Delayed sternal closure (DSC) 3

LCOS (low cardiac output syndrome) 6

IABP 25

Refractory idiopathic cough postop 4

ICU stay 7.6 ± 6.46

Hospital stay 32.9 ± 30.01

Management of SWC

Conservative management 86

VAC 36

Rewiring 21

Reconstruction total 16

Fasciocutaneous pectoral flap 13

Pectoral muscle flap 1

Rectus abdominis muscle flap 2
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and identified in 63.4% of positive cultures. We could not 
find a correlation between the type of causative organisms 
and a particular risk factor. Sternal wound complications are 
among the most preventable ones in cardiac surgery when 
the necessary precautions are taken and high-risk patients 
are identified and primary reinforced sternal closure is imple-
mented [Al-Ebrahim 1996; Robicsek 2000; Al Ebrahim 2003; 
Baskett 1999]. We diagnosed SWC in 30 patients (25.8%), 
during the same admission. Another 86 cases were presented 
after hospital discharge and necessitated careful management 

and regular follow up particularly for patients with risk fac-
tors. Due to the recent increase of surgical options, it became 
necessary to classify these wounds to assist the surgeon deci-
sion-making process regarding technique, and to facilitate the 
exchange of knowledge in scientific reports. Several classifica-
tions were reported, describing post sternotomy mediastini-
tis, according to postoperative period, extent of infection, and 
strategy of management [Pairolero 1984; Oakley 1996; Greig 
2007; Anger 2007]. The first classification was described by 
Pairolero and Arnold in 1984 [Pairolero 1984], based on the 
postoperative time of establishment of the infection. Subse-
quently, Oakley in 1996 [Oakley 1996] used the same crite-
ria, but added risk factors of the establishment and attempts 
of treatment of the initial infection. Jones et al [Greig 2007] 
in 1997, suggested for the first time a classification based on 
the affected anatomical site, but still using parameter as the 
presence of infection. Greig et al [Greig 2007] proposed a 
classification based on the affected anatomical site. Anger 
and colleagues were the first to specify the vertical extent 
of the wound because it recognized the increased difficulty 
to reconstruct the lower portion when it extends below the 
insertion of the lower border of the pectoralis major muscle 
[Anger 2007]. We consider terminology like mediastinitis, 
superficial, and deep-wound infections to be subjective and 
nonspecific descriptions. They have dispersed relation to 
the targeted management, which requires more objective, 
defined, and conclusive tissue wound description. We applied 
our own classification and algorithm, which are more objec-
tive, to select the proper management according to simple 
and focused tissue wound description (see Table 1 and Figure 
1). That helps rapid access of strategy of management, which 
avoids late and conflicting decision-making. Negative pres-
sure wound therapy decreases wound oedema, accelerates 
wound healing and granulation tissue formation, increases 
sternal blood flow, and has been shown to improve early- and 
long-term survival in patients with deep sternal wound infec-
tion [Debreneci 2008]. We applied VAC in 36 patients (31%) 
as a sole therapy or as a preliminary step before surgery. For 
the past 40 years, clinical trials have recommended the use of 
vascularized tissue to fill in the defect in the sternal region 
and to reduce the possibility of infection and that decreases 
morbidity when employing muscle or omentum flaps [Anger 
2012]. Surgeons adopt a policy of liberal use of muscle flaps 
based on the depth of infection and magnitude of sternal bone 
loss. However, pain, limitation of physical activities, large 
detachments, problems in donor areas, and risk of spread 
of infection were not uncommon complications [Anger 
2012; Davison 2007; Reade 2003; vanWingerden 2011]. So 
the need for less invasive and less complicated technique is 
a better choice. The cornerstone of our management is the 
ability to approximate the surgical wound, even in cases of 
major bone loss, so long as there are residual sternal edges. 
We think the possibility to approximate the wound with-
out tension rather than the degree of bone loss determines 
the need for muscle flap reconstruction. In these cases, we 
advocate use of the less invasive pectoral fasciocutaneous flap 
and avoiding unnecessary use of the more invasive muscle or 
omental flaps. More than 40% of our cases were managed 

Table 3. Diagnostic data

Diagnosis in the same admission for primary operation 30(25.87%)

Diagnosis after discharge post primary operation 86(74.13%)

Mean duration (days) ±SD 37.04 ± 86.35

Anger classification

I 68

II 31

III 8

IV 9

Pairolero classification

I 33

II 76

III 7

Our classification

I 64

II 30

III (A) 1

III (B) 11

III (C) 10

CT for diagnosis of infection (ordered for 10 patients)

Within normal 1

Sternal instability with no evidence of mediastinitis 1

Sternal instability with evidence of mediastinitis 8

Intraoperative signs of sternal osteomyelitis 21

Pathogens identified by culture from wound discharge or 
mediastinal fluids

Heamophilus 4

N. Coagulase Staph 31

Pseudomonas 11

Acinobacter 7

Klebsiella 13

MRSA 11

E. coli 5

Pneumococci 10

Staph. Aureus 8

Staph. Epidermides 4
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using fasciocutaneous flaps with good results. There was only 
one failure that required rectus flap.

In conclusion, sternal wound complications are devastating 
events and there is no consensus or clear guidelines to clarify 
classification or determine conclusive management. Objective 
wound classification is helpful to organize the range of ster-
nal wound complications and enables us to adopt the proper 
treatment strategy. Use of fasciocutaneous pectoral flap is a 
favorable and less invasive modality for most reconstructive 
procedures, and it avoids unnecessary use of the more invasive 
muscle or omental flaps.
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