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Pectoralis major–rectus abdominis bipedicled muscle
flap in the treatment of poststernotomy mediastinitis
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Objectives: Although the incidence of infected sternotomy wounds after median ster-

notomy for cardiovascular surgery is relatively low (0.5% to 5%), it is associated with

significant morbidity and a long period of treatment. Today, muscle flaps, such as the

pectoralis major or the rectus abdominis, are widely accepted as a mainstay of recon-

structive options. Each method carries unavoidable limitations and setbacks of its

own. To overcome the disadvantages of the pectoralis muscle and rectus abdominis

muscle flaps, we designed and performed a pectoralis major–rectus abdominis muscle

bipedicled flap for the coverage of sternal defects.

Methods: The pectoralis major–rectus abdominis bipedicled flap was elevated as a sin-

gle unit, preserving the thoracoepigastric fascia in continuity with the rectus muscle

and its anterior fascia. The method was used in 27 patients with postoperative media-

stinitis during a 5-year period.

Results: The bipedicled flap could fill the defect with sufficient volume, not only in the

upper two thirds but also in the lower one third of the sternum. Recurrent uncontrolled

infection developed in 11% of all cases, and upper abdominal fascial attenuation was

observed in 1 patient. There were no surgical intervention–related complications or

deaths.

Conclusions: We conclude that pectoralis major–rectus abdominis bipedicled flap is

a practical and efficacious method in the reconstruction of the anterior chest wall

defect caused by poststernotomy mediastinitis. It not only provides sufficient volume

to fill the entire mediastinum but also affords resolution of the infected wound with

favorable outcomes comparable with those of other methods.

T
he treatment modalities for mediastinitis after sternotomy include conservative

methods using open wet dressing, occlusive continuous irrigation or vacuum-

assisted closure, and surgical treatment with flaps of the pectoralis major, rec-

tus abdominis, latissimus dorsi muscle, or omentum. Recently, excellent results have

been reported in favor of the conservative methods, with special emphasis on vacuum-

assisted closure.1,2 However, the general consensus is still valid that muscle flap oblit-

eration of dead space resulting from debridement of potentially infected tissue is

essential in obtaining wound closure in a significant number of recalcitrant cases.3,4

Among the various flaps used for the treatment of mediastinitis, the pectoralis ma-

jor and rectus abdominis muscles have been used most frequently because of proxim-

ity to the wound and ease of elevation. Each flap has a limitation of its own. The

pectoralis fails to provide fill in the lower third of the sternum, and the rectus cannot

be used freely if the ipsilateral pedicle has been used in coronary artery bypass graft-

ing (CABG).5 The pectoralis major–rectus abdominis bipedicled muscle flap proce-

dure stems from an effort to overcome these problems, thus providing an adequate

muscle flap alternative.

Materials and methods
Twenty-seven patients subjected to sternotomy from April 2002 through May 2007 in the De-

partment of Thoracic Surgery at the Severance Hospital had poststernotomy mediastinitis and
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Abbreviations and Acronyms
CABG 5 coronary artery bypass grafting

MRSA 5 methicillin-resistant Staphylococcus aureus

were subsequently treated with bilateral pectoralis major–rectus ab-

dominis bipedicled muscle flap procedures. According to the Pairo-

lero and Arnold classification, the series included 5 type I, 14 type II,

and 8 type III wounds at the time of presentation. In 23 patients sev-

eral surgical debridements were performed before the definitive op-

eration. Remarkable reduction in bacterial count provided an index

to the timing of reconstructive surgery. In the remaining 4 patients,

initial single debridement concomitant with definitive flap surgery

was performed. All wirings and infected osseocartilaginous debris

were removed before reconstruction, but complete sternectomy

was not viewed as essential in all cases. At the completion of de-

bridement and thorough irrigation, the resulting defect is reassessed

in regard to the flap selection.

From the edge of the sternal defect, the skin and subcutaneous

flap was elevated, extending to the clavicle, humeral head, and

inferior intercostal margin, thus exposing the anterior surface of

the pectoralis muscle. The undersurface of the pectoralis major

muscle was then freed from the rib cage and its costal insertions

in its entirety. Superiorly, half to two thirds of the clavicular or-

igin was detached medial to the thoracoacromial pedicle. No ad-

ditional muscle backcut was done lateral to the pedicle, and the

humeral insertion was preserved. The rectus abdominis muscle,

including a rectangle of its anterior fascia, was elevated from

its posterior sheath to facilitate centralization of the pectoral mus-

cle without resection of the humeral insertion. Continuity was

carefully preserved from the pectoral–thoracoepigastric fascia to

the anterior rectus sheath. The lateral-most costal insertions of

the rectus can be detached for ease of mobilization without com-

promise of the flap circulation. The internal thoracic artery, when

present, was preserved in the elevated rectus abdominis muscle

and maintained its connection to the superior epigastric artery

(Figures 1 and 2). Identical procedures were performed on the

contralateral side, and both flaps were advanced medially to fill
The Journal of Thor
the dead space (Figure 3). The flaps were sutured securely with

absorbable sutures, and a chest tube was inserted into the pleural

space. Suction drains were inserted below the muscle flaps and

skin flaps.

Results
Of 1362 valuloplasties, 952 CABGs, and 156 valvuloplasties

concomitant with CABG performed in the time period from

April 2002 through May 2007, the subjects of our study

included 5 postvalvuloplasty (0.36%), 21 post-CABG

(2.2%), and 1 postvavuloplasty plus CABG (0.64%) patients.

Among the 27 patients, 15 were male and 12 were female,

and their mean ages were 60.3 years and 61.2 years, respec-

tively. The average duration between the sternotomy and the

occurrence of mediastinitis was 18.3 days, and the interval

from the diagnosis of mediastinitis to the flap operation

was, on average, 1.1 months. The average follow-up period

after the flap operation was 5 months (Table 1). With regard

to the bacterial organisms cultured from the wounds, methi-

cillin-resistant Staphylococcus aureus (MRSA) was found in

16 patients, S aureus was found in 8 patients, and no organ-

isms were detected in 3 patients (Table 1). In all patients me-

diastinitis invaded the lower third of the sternum, and the

defect was reconstructed by using the bipedicled muscle

flap. As postoperative complications, recurrent mediastinitis

was detected in 3 (11%) patients. Of these 3 patients, in 2 the

unilateral pectoralis major muscle advancement flap opera-

tion was performed, and in 1 the rectus abdominis myocuta-

neous rotation flap operation was used. Superficial skin flap

dehiscence of the suture site occurred in 5 patients; however,

4 patients responded to conservative treatment, and 1 patient

was cured completely with vacuum-assisted closure. Upper

abdominal fascial attenuation developed in 1 patient, present-

ing as local bulging that did not necessitate active treatment

(Table 2). Postoperative complications, such as hematoma,

exacerbation of the condition, or mortality caused by the

operation were not observed.
Figure 1. A, The bipedicled muscle flap
consists of a superiorly based pectora-
lis major muscle flap and an inferiorly
based rectus abdominis muscle flap
raised in continuity. B, The flap is trans-
posed into the defect.
acic and Cardiovascular Surgery c Volume 136, Number 3 619
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Figure 2. A, A 65-year-old man with an anterior chest wall defect caused by mediastinitis after coronary artery by-
pass graft surgery. B and C, The elevated bipedicled pectoralis major–rectus abdominis muscle flap. D, Four weeks'
follow up.
Discussion
The therapeutic modalities for poststernotomy mediastinitis

can be classified in 2 ways: conservative and surgical. Con-

servative treatments include administration of antibiotics, in-

cisional drainage, frequent application of wet dressing after
620 The Journal of Thoracic and Cardiovascular Surgery c Sep
debridement of necrotic tissues, occlusive continuous irriga-

tion after debridement and vacuum-assisted closure, and so

on. The latter 2 treatments are actively being used with vari-

able but successful results in many institutions as the first-line

therapy. Oakely and Wright3 advocated conservative therapy
Figure 3. A, A 51-year-old man with an anterior chest wall defect caused by mediastinitis after valve replacement
surgery. B and C, The elevated bipedicled pectoralis major–rectus abdominis muscle flap. D, The bilateral flap units
are transposed medially and cover the lower third of the defect of the anterior chest.
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of wound debridement and mediastinal irrigation alone as be-

ing the ideal therapy in their classification of type I mediasti-

nitis presenting within 2 weeks after surgical intervention in

the absence of risk factors. This was no different from our ex-

perience in some of our earlier cases. However, because our

cardiothoracic service is a tertiary referral center, the large

number of patients presenting with risk factors, such as obe-

sity and diabetes, together with the high proportion of bacte-

rial isolation of virulent and persistent organisms, such as

MRSA, mandated a more active approach to surgical inter-

vention. It has been well documented that the clinical out-

come of poststernotomy mediastinitis caused by MRSA is

poor, with significantly higher morbidity and mortality.6,7

In fact, Hirata and associates8 have treated MRSA-associated

mediastinitis as a different entity with potentially devastating

complications. In their report 4 cases of MRSA-associated

mediastinitis were treated by means of early radical debride-

ment followed by omental transposition in a single proce-

dure. This view has been supported by Jones and

colleagues9 in a large retrospective study reporting their ex-

perience with use of the single-stage muscle flap procedure

TABLE 1. Patient characteristics

Total no. of patients (male/female) 17 (15/12)
Mean age (y) 61 (19–77)
Preoperative diagnosis

CAOD 21
Valve disease 5
CAOD 1 valve disease 1

Mean interval from cardiac surgery to symptom
development of mediastinitis (d)

18.3

Mean interval from the diagnosis of infection to
flap operation (mo)

1.1

Average follow-up duration after flap operation (mo) 5
Microorganisms

MRSA 16
MSSA 8
No growth 3

CAOD, Coronary artery occlusive disease; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus
aureus.

TABLE 2. Complications

Complication Treatment

None 20
Recurrence 3 Uni PM adv: 2

RA: 1
Focal dehiscence 3 Conservative management 2

VAC device: 1
Fascial attenuation 1 Observation

Uni PM adv, Unilateral pectoralis major muscle flap; RA, vertical rectus
abdominis muscle flap; VAC, vacuum-assisted closure.
The Journal of Thor
for infected median sternotomy wounds. In a similar context,

although the effectiveness of vacuum-assisted closure is fully

realized, we were forced to view such conservative measures

as a bridge step in preparation for definitive flap surgery

rather than as the final curative tool.8 Our average duration

from the diagnosis of mediastinitis to operative intervention,

1.1 months, supports this sequence of approach.

In the selection of a reconstructive flap ideally suited to

each clinical setting, various factors must be taken into con-

sideration. These include the location and size of the defect,

the medical and surgical history of the patient, and the pref-

erence of the surgeon. Prior abdominal operations, such as

cholecystectomy and coronary artery bypass surgery with

the internal thoracic artery or the gastroepiploic artery, repre-

sent examples of limited flap choice because of the anatomic

factors related to the operation.3,5

The advantage of the pectoralis major muscle flap lies in

the ability to raise the flap from the existing edge of the

opened wound. However, it sometimes falls short of filling

the entire defect, especially in the lower third of the sternum.

Moreover, if the internal thoracic artery was sacrificed during

the previous coronary artery bypass surgery, it cannot be used

as a turnover flap. Resection of the humeral insertion of the

pectoralis major muscle to facilitate flap advancement results

in loss of the anterior axillary fold. Limitation of shoulder

motion, weakening of muscle strength, pain, and paresthesia

are additional comorbidities from such procedures.10 The

rectus abdominus muscle flap is known to fit ideally in the

lower third of the sternal defect. However, mobilization of

the internal thoracic artery for coronary artery bypass pre-

cludes its use. The use of the rectus abdominis muscle turn-

over flap based on the intercostal artery11 has limited use

because of its small rotation arc. The omental flap is the

most superior choice in terms of controlling the infection

because of its abundant lymphoid tissues and the ability to

regenerate blood vessels. However, among several known

drawbacks of the omental transfer, the most concerning is

the need for open abdominal surgery and the risk for intraper-

itoneal spread of infection.12

The pectoralis major and rectus abdominis muscles are

connected by a fascia. It has been shown that this fascia plays

a role not only as a mechanical linker but also as a conduit for

blood flow between these 2 muscles.13,14 Hence by virtue of

such a feature, these 2 muscles can be elevated as a single

unit, the pectoralis major–rectus abdominis bipedicled flap,

maintaining the thoracoepigastric fascia. This flap can fill

the whole defect with sufficient volume, not only in the upper

two thirds but also in the lower third of the sternum if ad-

vanced simultaneously. This concept is not new.15 The dif-

ference in our technique lies in preserving the humeral

insertion of the pectoralis and central advancement with no

additional muscle backcuts lateral to the thoracoacromial

pedicle. This might explain why in some instances the proce-

dure was done bilaterally to gain sufficient volume and
acic and Cardiovascular Surgery c Volume 136, Number 3 621
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medial advancement. It remains debatable whether a bilateral

procedure preserving the humeral insertion would be supe-

rior to a unilateral one with humeral disinsertion.

In 3 cases local dehiscence in the skin flaps of the sutured

wounds necessitated conservative measures to heal. It might

be attributed to greater tension applied on the skin flaps in

contrast to the muscle flaps, which gathered with ease. How-

ever, these seem to represent superficial wound-related prob-

lems unrelated to exacerbation of mediastinal infection. It

might also reflect the heavily inflamed and edematous nature

of the wound environment at the time of surgical interven-

tion. We believed that it might be justifiable in selected cases

to perform wide surgical debridement of necrotic tissues, fol-

lowed by muscle flap surgery simultaneously at early times of

inflammation.16 Some have expressed an opinion to remove

the infected area widely on the detection of infection and to

subsequently perform flap operations immediately or within

few days.17 Our procedure faced obvious limitations in de-

briding the skin flap in anticipation of primary closure of

the wound edges.

The recurrence rate after flap reconstruction has been re-

ported variably, depending on the literature,3,9,10-12,15-19

from 0% to 20%. In our patients the recurrence rate was

11%, which is relatively high. This might reflect the higher

proportion of patients with type II and III mediastinitis in

our series and incomplete debridement before flap coverage.

We are retrospectively reminded that intraoperative decision

in regard to the adequacy of surgical debridement takes pre-

cedence over any choice or method in flap reconstruction.

Fortunately, the patients with recurrence were completely

cured by the second operation, redoing a unilateral conven-

tional pectoralis major muscle advancement flap or a vertical

rectus abdominis flap. After a thorough debridement of the

residual focus of infection, the dead space could be filled,

with additional advancement obtained through a conventional

pectoralis flap on one side. When the defect is eccentric to the

lower third of the sternum, the rectus was turned over for

complete coverage when the internal thoracic artery was in-

tact. Despite their use in the first operation, both the pectoralis

major and the rectus abdominis muscles were equally avail-

able at the time of the second operation for added mobiliza-

tion. This can be considered another advantage of the

bipedicled muscle flap.

Conclusion
The pectoralis major–rectus abdominis bipedicled muscle

flap can be an effective tool in the armamentarium of surgical

procedures for the treatment of poststernotomy mediastinitis.

Flap elevation is relatively easy and fast, and vascularity is

robust unrelated to the internal thoracic artery and provides
622 The Journal of Thoracic and Cardiovascular Surgery c Sep
ample volume and reach to the central defect. Moreover, a

bilateral procedure provides incremental mobility and vol-

ume without the need for resection of the humeral insertion

of the pectoralis, and thus postsurgical complications can

be reduced.
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