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Therapeutic Outcomes of Pectoralis Major Muscle
Turnover Flap in Mediastinitis
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Background: This study aimed to evaluate the therapeutic results and safety of pectoralis major muscle turnover
flaps in the treatment of mediastinitis after coronary artery bypass grafting (CABG) procedures. Methods: Data re-
garding 33 patients with post-CABG deep sternal wound infections (DSWIs) who underwent pectoralis major muscle
turnover flap procedures in the Emam Reza and Ghaem Hospitals of Mashhad, Iran were reviewed in this study.
For each patient, age, sex, hospital stay duration, remission, recurrence, and associated morbidity and mortality were
evaluated. Results: Of the 2,447 CABG procedures that were carried out during the time period encompassed by
our study, DSWIs occurred in 61 patients (2.5%). Of these 61 patients, 33 patients (nine females [27.3%)] and 24
males [72.7%]) with an average age of 63+4.54 years underwent pectoralis major muscle turnover flap placement.
Symptoms of infection mainly occurred within the first 10 days after surgery (mean, 10.24+13.62 days). The most
common risk factor for DSWIs was obesity (n=16, 48.4%) followed by diabetes mellitus (n=13, 39.4%). Bilateral
and unilateral pectoralis major muscle turnover flaps were performed in 20 patients (60.6%) and 13 patients
(39.4%), respectively. Complete remission was achieved in 25 patients (75.7%), with no recurrence in the follow-up
period. Four patients (12.1%) needed reoperation. The mean hospitalization time was 11.69+6.516 days. Four pa-
tients (12.1%) died during the course of the study: three due to the postoperative complication of respiratory failure
and one due to pulmonary thromboembolism. Conclusion: Pectoralis major muscle turnover flaps are an optimal
technique in the treatment of post-CABG mediastinitis. In addition to leading to favorable therapeutic results, this
flap is associated with minimal morbidity and mortality, as well as a short hospitalization time.
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INTRODUCTION Lurie [1] in the 1950s, is the most commonly used incision
for cardiac operations, including valvular procedures and cor-

Median sternotomy, first suggested by Shumacker and onary artery bypass grafting (CABG). However, median ster-
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notomy is associated with a variety of complications, of
which the most life-threatening condition is mediastinitis [2].
Mediastinitis, or deep sternal wound infection (DSWI), has
been reported to occur in 0.4%-8.4% of patients after median
sternotomy, although the most frequently reported incidence
is 1%-3% [3,4]. DSWI is a potentially fatal condition due to
subsequent septicemia and sepsis, with a reported mortality
rate of 5%—50%, and is also associated with higher morbid-
ity, leading to longer hospitalization and placing a heavy eco-
nomic burden on the healthcare system [5-7]. The etiology is
complex, but Staphylococcus bacteria (Staphylococcus aureus
and coagulase-negative Staphylococcus species) are considered
the most common pathogens that cause DSWI, mostly during
surgery or through an endogenous pathway [8,9]. Various risk
factors are associated with DWSI, including obesity, diabetes
mellitus, smoking, chronic obstructive pulmonary disease, cor-
ticosteroid use, re-exploration to control bleeding, a prolonged
operation, harvesting of the internal mammary artery (es-
pecially when performed bilaterally or in a pedicled fashion),
renal failure, malnutrition, peripheral vascular disease, sternal
rewiring, a longer interval between admission and operation,
and emergency surgery [2,4,6,9-11]. Patients undergoing me-
dian sternotomy are now older, and risk factors such as dia-
betes mellitus (DM) and renal insufficiency are more preva-
lent, putting patients at a higher risk level that requires prop-
er management [2,4]. The recommended approach for DSWI
is early resection of the necrotic and infected tissues, includ-
ing soft tissue and the sternum, chest stabilization (sternum
fixation), and incision closure using various flaps. These in-
clude omental, rectus abdominis, latissimus dorsi, breast, and
pectoralis major muscle (turnover and advancement) flaps. The
latter type of flap is considered the primary reconstruction
method, since it has shown no adverse effect on pulmonary
function and even improves spirometric parameters, cosmetic
outcomes, and stabilization of the chest [5,6,9,12].

This study aimed to evaluate the therapeutic outcomes and
safety of pectoralis major muscle turnover flaps in the treat-

ment of mediastinitis after CABG procedures.

Pectoralis Turnover Flap in Mediastinitis’

METHODS
1) Patients and methods

The files of 33 patients who underwent bilateral or unilat-
eral pectoralis major muscle turnover flap procedures after
debridement due to post-CABG DSWIs in Emam Reza and
Ghaem Hospitals of Mashhad, Iran between March 2008 and
April 2014 were reviewed in this retrospective descriptive study.
Data regarding the age, sex, length of hospital stay, remission,
recurrence, and associated morbidity and mortality were ex-
tracted from the files and evaluated for these patients, who un-

derwent follow-up at 1, 3, 6, and 12 months after surgery.
2) Surgical procedure

DSWI was diagnosed when a patient fulfilled at least one
of the criteria defined by the Centers for Disease Control and
Prevention (CDC) for mediastinitis. First, intravenous anti-
biotic therapy covering Gram-positive and anaerobic bacteria
was started, and the incision was opened and the infected tis-
sues, including bone and cartilage, were debrided under local
anesthesia. If laboratory, radiological, and clinical findings did
not improve and the patient failed to respond to treatment,
the wires were removed under general anesthesia and rewir-
ing was performed in cases of sternal instability. Irrigation
with normal saline and intravenous antibiotic therapy were
continued in all patients. If the patient still did not respond to
treatment, further debridement was performed. If restabiliza-
tion of the sternum was impossible, an omental or pectoral
flap was performed after complete open drainage of the
wound and omission of any loculated area of infection. The
connections of the pectoral muscle to the ribs, skin, and sub-
cutaneous tissues were released. The inferior and lateral bor-
ders were then cut, closely approaching the connections to
the humerus bone. Subsequently, the free pectoral muscle was
rotated to the midline (i.e., to the sternum defect) and fixed
in place. Pectoral muscle turnover flaps were performed uni-

laterally or bilaterally based on the extent of the defect.

RESULTS

Among all patients who underwent CABG during the study
period, 2,447 patients had available files with the data re-
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| Coronary artery bypass grafting (n=2,447) |
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Death (n=4) Cured (n=25)

quired for this study. Among these patients, 61 (2.5%) expe-
rienced DSWI. Seven patients in whom a small area of tissue
was infected underwent debridement and irrigation alone. In
these patients, restabilization of the sternum was possible.
Complete remission was achieved in all of these patients. In
31 patients who underwent debridement, irrigation, and place-
ment of an omental flap, complete remission was achieved in
15 (48.3%), death occurred in six (19.3%), and re-operation
was required in 10 (32.2%). A pectoralis major muscle turn-

over flap was performed in these 10 patients, who were add-

Total
pectoral flap
(n=33)

Need re-
operation (n=4)

Debridement,
irrigation and
reconstruction

Cured (n=4)

ed to the 23 patients in whom a pectoralis major muscle

Fig. 1. Treatment algorithm for DSWI.
DSWI, deep sternal wound infection.

turnover flap was initially placed, resulting in a total of 33
patients. The treatment algorithm is presented in Fig. 1.
Pectoralis major muscle turnover flaps were placed in a to-
tal of 33 patients, including nine females (27.3%) and 24
males (72.7%), with an average age of 6314.54 years (range,
54-74 years). Most patients showed symptoms within the first
10 days after surgery, with an average interval of 10.24+
13.62 days (Fig. 2). The most common risk factor for DMWI
was obesity (n=16, 48.4%), followed by DM (n=13, 39.4%),
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Fig. 2. Interval between open heart surgery and the appearance
of deep sternal wound infection symptoms.

and the need for re-operation (n=10, 30.3%). Other risk fac-
tors are presented in Table 1. Bilateral pectoralis major mus-
cle turnover flaps were performed in 20 patients (60.6%), and
unilateral flaps were performed in 13 patients (39.4%).

Complete remission was achieved in 25 patients (75.7%),
with no recurrence of symptoms in the follow-up period.
However, four patients (12.1%) required reoperation, in which
debridement, irrigation, and reconstruction of the wound were
performed again. These four patients were all treated success-
fully and required no additional treatment.

The mean hospitalization time was 11.69+6.516 days
(range, 4-27 days) (Fig. 3). Unfortunately, four patients
(12.1%) passed away during the study: three due to the post-
operative complication of respiratory failure and one due to

pulmonary thromboembolism during hospitalization.

DISCUSSION

DSWI is diagnosed when at least one of the three criteria
defined by the CDC for DSWI in 1988 is present: (1) an or-
ganism cultured from mediastinal tissue or fluid; (2) evidence
of mediastinitis seen during the operation or by histopatho-
logic examination; or (3) presence of chest pain, sternal in-
stability, or fever (>38°C), in combination with either puru-
lent drainage from the mediastinum or an organism isolated
from blood culture or culture of the mediastinal area [13].
Mediastinitis can lead to a high incidence of morbidity and

mortality among post-CABG patients if not treated quickly.

Pectoralis Turnover Flap in Mediastinitis’
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Fig. 3. Hospitalization times of patients in whom a pectoralis ma-
jor muscle turnover flap was performed as part of deep sternal
wound infection treatment.

Table 1. Risk factors present in patients with post-coronary artery
bypass grafting deep sternal wound infection

Risk factor Frequency
Obesity 16 (48.4)
Diabetes mellitus 13 (39.4)
Need for re-operation 10 (30.3)
Hypotension 9 (27.3)
Hypertension 5 (15.1)
Bilateral internal mammary artery harvesting 5 (15.1)
Renal failure 1 (3.0)

Values are presented as number (%).

Although uncommon, this condition is of high clinical im-
portance, requiring a prompt diagnosis and appropriate ther-
apeutic intervention by the surgeon to prevent complications
to the greatest extent possible [14,15]. The first step is total
resection of the necrotic tissues, followed by various recon-
struction procedures, including muscle or omental flaps [15,16].
When using flaps, it is important to ensure good perfusion,
which provides adequate nutrition to the tissues and ensures
that the immune system can help fight the infection [17]. The
greater omentum can be used as a flap for defect reconstru-
ction, but doing so is problematic, because a complex proce-
dure in the presence of other risk factors can result in more
complications and even increase the mortality rate. It is im-
portant to note that using the greater omentum does not im-
prove sternal stability and mostly involves skin transfer [6,18].

Muscle flaps decrease the mortality rate, improve therapeutic
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outcomes, and reduce hospitalization time [19,20]. Jones et al.
[12] reported a 0% mortality rate, a 13% morbidity rate, and
a shortened hospital stay in comparison to patients who were
managed conservatively (22 days vs. 82 days), as well as
good stability of the sternum in their patients in whom pec-
toralis major muscle advancement flaps were placed. Similar
improvements were seen in our study, which evaluated the
use of pectoralis major muscle turnover flaps. Optimal ther-
apeutic outcomes, consisting of sternal fixation, complete alle-
viation, and no recurrence of DSWI during the follow-up pe-
riod, were achieved in 75.7% of our patients. The mean hos-
pitalization time was even shorter (11.69+6.516 days) than
the figure of 22 days reported by Jones et al. [12] or the fig-
ure of 25 days reported by Floros et al. [7]. The mortality
rate was 12.1% in our study over one year of follow-up after
surgery. Three patients died due to the postoperative compli-
cation of respiratory failure and one patient died from pulmo-
nary thromboembolism during hospitalization.

Ghazi et al. [18] performed omental flaps in 52 DSWI pa-
tients, either for primary reconstruction (n=35) or after a
failed muscle flap (n=17). The 60-day mortality rate was 24%
in the patients who underwent a salvage procedure. The over-
all mortality rates in the patients who needed an omental flap
transfer and 52 muscle-flap controls were 42% and 18% at
three years, respectively.

Among muscle flaps, pectoralis major muscle flaps based
on the pedicle of the thoracoacromial or internal mammary
arteries are now considered to be the primary approach to
treating DSWIs, due to better stability of the sternum, non-
impaired pulmonary function, favorable cosmetic outcomes,
and good coverage of the wound [5,6,21]. Other muscle flaps,
including the rectus abdominis and latissimus dorsi, are also
effective, but a range of problems are encountered, such as a
deficit in perfusion to the grafted tissues in a large proportion
of patients, weakening of the structures that protect the ab-
dominal wall, not providing enough tissue, and extensive ex-
posure of subcutaneous tissue, which make them a less pref-
erable approach for reconstruction [6,17]. Nahai et al. [22]
found that unilateral turnover flaps were not capable of com-
pletely filling the mediastinal dead space, so a rectus abdomi-
nis flap was turned over to obliterate the remaining space. If

bilateral turnover flaps are performed and a large area is not

covered, a rectus abdominis flap is needed; otherwise, one of
the pectoralis major muscle flaps must be split to cover the
remaining part.

The most common risk factor in our study was obesity,
which was present in 48.4% of our patients. Several studies
have found that obese patients show an incidence of media-
stinitis three times greater than that observed in non-obese
patients. This may be due to lower than desired penetration of
antibiotics into the fat tissue, in addition to the technical diffi-
culties faced during the surgery [9,23,24]. The second most
common risk factor was DM, which was present in 39.4% of
our patients. DM is capable of weakening immunity, as well
as leading to delayed wound healing due to ischemia [25].
However, a lower rate of wound complications can be achieved
in diabetic patients with tight perioperative control of glucose
by intravenous insulin [14,23]. We attempted to minimize the
risk of DSWI in CABG patients by using broad-spectrum an-
tibiotics, ensuring tight glucose control in diabetic patients,
avoiding bilateral internal mammary artery harvesting, avoid-
ing drugs that lead to impaired wound healing, careful mod-
ification of the patient’s nutritional status, and careful hemo-
stasis in order to prevent re-exploration. Three patients of this
study showed symptoms of DSWI after 30 days (one of them
on the 58th day after surgery), which indicates the possibility
that this condition may appear in a delayed manner, which is
a possibility that both physicians and patients should be
aware of. It is extremely important to emphasize the role of
prevention, which includes controlling related risk factors, re-
ducing the chance of infection as much as possible at every
step, and so on [26,27]. The results of a study by Song et al.
[28] on 45 high-risk patients are interesting in this regard. In
their study, high risk referred to the presence of at least three
risk factors. They performed a rigid plate fixation of the ster-
num for better bone healing. Despite being at high risk, no
postoperative DSWIs occurred in the patients in their study.

In conclusion, the pectoralis major muscle turnover flap is
the primary surgical technique used in the treatment of
mediastinitis. In addition to leading to favorable therapeutic
results, this flap is associated with minimal morbidity, mortal-

ity, and a short hospitalization time.

— 262 —



CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was

reported.

ACKNOWLEDGMENTS

This paper was based on the results of a medical student’s
thesis, which was carried out in the Cardio-thoracic Surgery
and Transplant Research Center and was supported and ap-
proved by the Deputy Provost for Research, Mashhad
University of Medical Sciences. We would like to thank Mrs.
Elham Lotfian for her kind assistance in preparing the paper.

This study was supported by a Grant of the Samsung Vein
Clinic Network (Daejeon, Anyang, Cheongju, Cheonan; Fund
No. KTCS04-030).

REFERENCES

1. Shumacker HB Jr, Lurie PR. Pulmonary valvulotomy; de-
scription of a new operative approach with comments about
diagnostic characteristics of pulmonic valvular stenosis. J
Thorac Surg 1953;25:173-86.

2. Zeitani J, Pompeo E, Nardi P, et al. Early and long-term re-
sults of pectoralis muscle flap reconstruction versus sternal
rewiring following failed sternal closure. Eur J Cardiothorac
Surg 2013;43:¢144-50.

3. Clarkson JH, Probst F, Niranjan NS, et al. Our experience
using the vertical rectus abdominis muscle flap for re-
construction in 12 patients with dehiscence of a median ster-
notomy wound and mediastinitis. Scand J Plast Reconstr
Surg Hand Surg 2003;37:266-71.

4. Morisaki A, Hosono M, Sasaki Y, et al. Evaluation of risk
factors for hospital mortality and current treatment for post-
sternotomy mediastinitis. Gen Thorac Cardiovasc Surg
2011;59:261-7.

5. Jang YJ, Park MC, Park DH, Lim H, Kim JH, Lee 1.
Immediate debridement and reconstruction with a pectoralis
major muscle flap for poststernotomy mediastinitis. Arch
Plast Surg 2012;39:36-41.

6. Klesius AA, Dzemali O, Simon A, et al. Successful treat-
ment of deep sternal infections following open heart surgery
by bilateral pectoralis major flaps. Eur J Cardiothorac Surg
2004;25:218-23.

7. Floros P, Sawhney R, Vrtik M, et al. Risk factors and man-
agement approach for deep sternal wound infection after car-
diac surgery at a tertiary medical centre. Heart Lung Circ

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

— 263 —

Pectoralis Turnover Flap in Mediastinitis’

2011;20:712-7.

. Jakob HG, Bormeff-Lipp M, Bach A, et al. The endogenous

pathway is a major route for deep sternal wound infection.
Eur J Cardiothorac Surg 2000;17:154-60.

. Simek M, Molitor M, Kalab M, Tobbia P, Lonsky V.

Current challenges in the treatment of deep sternal wound
infection following cardiac surgery. In: Aronow WS, editor.
Artery bypass. Rijeka: InTech; 2013. p. 493-535.

Atkins ZB, Wolfe WG. Sternal wound complications follow-
ing cardiac surgery. Rijeka: InTech; 2012.

El Gamel A, Yonan NA, Hassan R, et al. Treatment of me-
diastinitis: early modified Robicsek closure and pectoralis
major advancement flaps. Ann Thorac Surg 1998;65:41-6.
Jones G, Jurkiewicz MJ, Bostwick J, et al. Management of
the infected median sternotomy wound with muscle flaps.
The Emory 20-year experience. Ann Surg 1997;225:766-76.
Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM.
CDC definitions for nosocomial infections, 1988. Am J
Infect Control 1988;16:128-40.

Braxton JH, Marrin CA, McGrath PD, et al. Mediastinitis
and long-term survival after coronary artery bypass graft
surgery. Ann Thorac Surg 2000;70:2004-7.

Cabbabe EB, Cabbabe SW. Immediate versus delayed
one-stage sternal debridement and pectoralis muscle flap re-
construction of deep sternal wound infections. Plast Reconstr
Surg 2009;123:1490-4.

Spiess AM, Balakrishnan C, Gursel E. Fascial release of the
pectoralis major: a technique used in pectoralis major mus-
cle closure of the mediastinum in cases of mediastinitis.
Plast Reconstr Surg 2007;119:573-7.

Lopez-Monjardin H, de-la-Pena-Salcedo A, Mendoza-Munoz
M, Lopez-Yanez-de-la-Pena A, Palacio-Lopez E, Lopez-
Garcia A. Omentum flap versus pectoralis major flap in the
treatment of mediastinitis. Plast Reconstr Surg 1998;101:
1481-5.

Ghazi BH, Carlson GW, Losken A. Use of the greater
omentum for reconstruction of infected sternotomy wounds: a
prognostic indicator. Ann Plast Surg 2008;60:169-73.
Jurkiewicz MJ, Bostwick J 3rd, Hester TR, Bishop JB,
Craver J. Infected median sternotomy wound: successful
treatment by muscle flaps. Ann Surg 1980;191:738-44.
Nahai F, Rand RP, Hester TR, Bostwick J 3rd, Jurkiewicz
MI. Primary treatment of the infected sternotomy wound
with muscle flaps: a review of 211 consecutive cases. Plast
Reconstr Surg 1989;84:434-41.

Ascherman JA, Patel SM, Malhotra SM, Smith CR.
Management of sternal wounds with bilateral pectoralis ma-
Jor myocutaneous advancement flaps in 114 consecutively
treated patients: refinements in technique and outcomes
analysis. Plast Reconstr Surg 2004;114:676-83.

Nahai F, Morales L Jr, Bone DK, Bostwick J 3rd. Pectoralis
major muscle turnover flaps for closure of the infected ster-



Reza Bagheri, et al

23.

24.

25.

notomy wound with preservation of form and function. Plast
Reconstr Surg 1982;70:471-4.

Eklund AM, Lyytikainen O, Klemets P, et al. Mediastinitis
after more than 10,000 cardiac surgical procedures. Ann
Thorac Surg 2006;82:1784-9.

Parisian Mediastinitis Study Group. Risk factors for deep
sternal wound infection after sternotomy: a prospective, mul-
ticenter study. J Thorac Cardiovasc Surg 1996;111:1200-7.
Gardlund B, Bitkover CY, Vaage J. Postoperative media-
stinitis in cardiac surgery: microbiology and pathogenesis.
Eur J Cardiothorac Surg 2002;21:825-30.

26.

27.

28.

— 264 —

Lepelletier D, Bourigault C, Roussel JC, et al. Epidemiology
and prevention of surgical site infections after cardiac
surgery. Med Mal Infect 2013;43:403-9.

Rebmann T, Kohut K. Preventing mediastinitis surgical site
of the
Professionals in Infection Control and Epidemiology’s elimi-
nation guide. Am J Infect Control 2011;39:529-31.

Song DH, Lohman RF, Renucci JD, Jeevanandam V, Raman
J. Primary sternal plating in high-risk patients prevents
mediastinitis. Eur J Cardiothorac Surg 2004;26:367-72.

infections: executive summary Association  for



