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Successful pedicled vertical rectus
abdominis myocutaneous flap
reconstruction with negative-
pressure wound therapy for deep
sternal wound infection: a case
report and comprehensive review
Dong Yun Lee, SuRak Eo, SooA Lim and Jung Soo Yoon*

Department of Plastic and Reconstructive Surgery, DongGuk University Medical Center, Seoul, Republic
of Korea

Introduction: Deep sternal wound infection (DSWI) is a serious complication that
may occur after median sternotomy, with potentially devastating consequences.
By reporting our case and analyzing the existing literature, this article aimed to
provide a thorough understanding of the role of negative-pressure wound
therapy (NPWT) and the importance of flap choice in managing DSWI
accompanied by severe heart injury and high hemodynamic risk.
Case description: A 60-year-old woman with severe aortic stenosis, aortic valve
regurgitation, and heart failure underwent redo sternotomy, which resulted in an
intraoperative right ventricle injury. She required extracorporeal membrane
oxygenation support because of low blood pressure and subsequently
developed complications, including surgical site hematoma, wound dehiscence,
and fat necrosis. She was referred for wound closure, where a significant 10 ×
20-cm soft tissue defect in the anterior chest wall was observed. A pedicled
vertical rectus abdominis myocutaneous flap addressed the soft tissue defect.
The wound showed remarkable improvement at the 8-month follow-up visit.
Conclusions: DSWI management is a complex and multifaceted challenge. NPWT,
when combined with appropriate surgical strategies, including wound
debridement and flap selection, may promote successful wound healing. This
case report highlights the successful management of a complex DSWI using a
multidisciplinary approach, including debridement, appropriate antibiotic
therapy, and free-flap reconstruction, which resulted in favorable outcomes.
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Introduction

Deep sternal wound infection (DSWI) is a serious complication that may occur after

median sternotomy, with potentially devastating consequences. The incidence of DSWI

remains significant, ranging from 0.25% to 5% (1), with varying rates of postoperative

mortality depending on the isolated bacterial strain, typically between 3% and 13% (1–5).
Abbreviations

VRAM flap, Vertical rectus abdominis myocutaneous; DSWI, Deep sternal wound infection; NPWT, Negative-
pressure wound therapy; TRAM flap, Transverse rectus abdominis myocutaneous; MSSA, Methicillin-sensitive
Staphylococcus aureus; ECMO, Extracorporeal membrane oxygenation; MRSA, Methicillin-resistant
Staphylococcus aureus; ICU, Intensive care unit; LD flap, Latissimus dorsi; VAC, Vacuum-assisted closure.
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Researchers have explored innovative modalities such as negative-

pressure wound therapy (NPWT) to improve treatment outcomes

and promote successful wound healing. NPWT, introduced in the

late 1990s, has emerged as a promising treatment approach for

DSWI (6). Its ability to stabilize the sternum, promote

granulation tissue formation, and facilitate wound perfusion is

attributed to several mechanisms. This method aims to optimize

wound healing and ultimately achieve delayed primary closure,

thereby reducing the risk of complications. In addition to

NPWT, selecting an appropriate flap for wound coverage is

critical in successful DSWI management (5–8). The choice of the

flap is influenced by several factors, including the size of the

wound and the patient’s specific characteristics. Local flaps, such

as the pectoralis major flap, transverse rectus abdominis

myocutaneous (TRAM)/vertical rectus abdominis myocutaneous

(VRAM) flap, omentum majus flap, and latissimus dorsi (LD)

flap, have been used for sternal wound reconstruction (8–10).

These flaps offer vascularized tissue that may promote healing

and cover large defects. However, the decision regarding flap

choice is not solely based on the wound size. The location and

extent of sternal loss, previous interventions, and the presence of

comorbidities also influence the selection process. When

determining the most appropriate option for each case, it is

crucial to consider factors such as flap vascularity, tissue

thickness, and donor site morbidity.

By reporting our case and analyzing the existing literature, this

article aimed to provide a thorough understanding of the role of

NPWT and the importance of flap choice in the management of

DSWI. The insights gained from this investigation may aid

clinicians in optimizing treatment strategies, improving patient

outcomes, and minimizing the risk of sternal wound complications.
FIGURE 1

Pedicled vertical rectus abdominis myocutaneous (VRAM) flap
reconstruction of a 60-year-old female with a deep sternal wound
infection. (A) Preoperative view. (B) Intraoperative view, immediately
after inset of a right pedicled VRAM flap for coverage of the anterior
chest defect. (C) Partial necrosis of the flap was observed on the
ninth postoperative day. (D) Postoperative 8 mo view (anterior view);
the wound recovered without any surgical complications.
Case description

A 60-year-old woman with hyperlipidemia presented to the

emergency room with severe aortic stenosis, moderate aortic

valve regurgitation, and heart failure. The patient underwent

open aortic valve repair (valvuloplasty) to treat aortic stenosis.

Four days later, an evacuation was necessary because of a

postoperative hematoma, which resulted in sternal instability and

DSWI. Intravenous piperacillin and tazobactam were

administered for two weeks, and a wound swab culture and a

tissue culture revealed methicillin-sensitive Staphylococcus aureus

(MSSA). During the initial period of DSWI, intravenous

cefazolin was administered, and the patient exhibited a positive

response.

After three weeks of multiple debridements and NPWT

application changed twice a week for the open wound on the

anterior chest, three consecutive wound swab cultures and

tissue cultures identified no bacterial growth. As no signs of

wound infection were noted, a repeat sternotomy was

subsequently performed in the cardiothoracic surgery

department to achieve sternal fixation and wound closure,

ensuring sternal stability. Unfortunately, this resulted in a right

ventricle injury due to severe adhesion and fibrosis in the
Frontiers in Surgery 02
retrosternal space. Owing to the patient’s rapidly declining

blood pressure, extracorporeal membrane oxygenation (ECMO)

was initiated with vasopressor administration, and the patient

was immediately moved to the intensive care unit (ICU).

Daily dressing using an open-wound approach was applied to

the defect with an exposed pericardium, and delayed flap

reconstruction was planned.

The patient was referred to our department for soft tissue

defect coverage three days after the second sternotomy and

ventricle injury. Upon examination, a significant 10 × 20-cm

defect in the anterior chest wall was discovered, extending from

the jugular notch to the xiphoid process (Figure 1A). Necrotic

tissue was visible, and the heart was exposed. Careful curettage

and debridement were performed to avoid damage to the heart,

and the margins of the nonviable tissue were trimmed.

Approximately one-fourth of the upper sternum remained intact,

providing stability as it was connected to both clavicles and rib

bones. In contrast, for the lower portion, the viable sternum
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accounted for about 50% of its preoperative width. To address the

soft tissue and bony defect, a pedicled VRAM flap was used for

coverage (Figure 1B). ECMO was decannulated on the same day,

and the patient’s vital signs stabilized.

Following flap reconstruction, the patient experienced partial

flap congestion due to vascular insufficiency, leading to partial

necrosis in the distal one-quarter of the flap on the ninth

postoperative day (Figure 1C). Subsequently, debridement of

necrotic soft tissue was performed, and wound closure was

facilitated with the assistance of NPWT. On the twelfth

postoperative day, methicillin-resistant Staphylococcus aureus

(MRSA) was identified in the tip culture of the Hemovac

inserted underneath the flap. There was no direct clinical

evidence of infection. However, with concerns regarding flap site

infection or the recurrence of DSWI, intravenous vancomycin

was promptly administered for two weeks. This treatment

continued until tissue cultures revealed negative bacterial growth

at the open wound site following partial flap necrosis. It is

essential to clarify that the vancomycin administration was not

aimed at treating mediastinitis (DSWI), as the presence of MRSA

was not considered the causative bacteria of the mediastinitis.

Vacuum-assisted closure (VAC) was performed twice a week in

the operating room, accompanied by copious irrigation with

betadine solution. After one week, the secondary wound bed was

covered with healthy granulation tissue without signs of

infection, and primary closure was performed without tension on

the bilateral skin. Fortunately, complete wound healing was

achieved in the third postoperative month after the initial flap

surgery. During the 8-month follow-up period, the patient

showed excellent recovery progression and was healthy

(Figure 1D).
Discussion

Mediastinitis and DSWI are severe and potentially fatal

complications that may occur after a median sternotomy.

Preoperative risk factors associated with mediastinitis and DSWI

include diabetes mellitus, obesity, advanced age, heart failure, left

ventricular dysfunction, smoking, female sex, underlying chronic

kidney disease, peripheral vascular disease, prolonged

preoperative hospital stay, and emergency surgery (1, 11).

Prolonged procedure duration and perfusion time are considered

intraoperative risk factors (9). Postoperative risk factors include

respiratory failure and an extended ICU stay. In our case, the

patient was an elderly female with heart failure with multiple risk

factors for prolonged hospital stay, particularly in the ICU.

Management of mediastinitis and DSWI involves

implementing appropriate antibiotic therapy and surgical

strategies (1–3). Prompt identification of the causative

microorganism and determination of antibiotic susceptibility are

crucial after diagnosis of sternal wound infection. Studies have

indicated that Staphylococcus aureus (S. aureus) is the most

commonly implicated pathogen (12). However, there has been a

notable increase in the incidence of DSWI caused by slow-

growing pathogens such as coagulase-negative staphylococci (12).
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Compared with MSSA mediastinitis, MRSA mediastinitis is

associated with a significantly higher mortality rate, up to an 11-

fold increase (1). Vancomycin is typically the preferred choice

for treating most MRSA cases (12), followed by oral therapy

options such as rifampicin, quinolones, and co-trimoxazole.

Fortunately, in the present case, the patient was diagnosed with

MSSA mediastinitis, and intravenous cefazolin was initiated

during the early stages of DSWI development. The patient

responded favorably to the cefazolin treatment. Subsequently,

after flap reconstruction, partial flap necrosis occurred, and

MRSA was identified in the tip culture of the Hemovac drain.

While there were no direct clinical signs of infection, concerns

regarding the potential recurrence of infection led to the

administration of intravenous vancomycin until tissue cultures

confirmed the absence of bacterial growth.

Surgical strategies for managing mediastinitis and DSWI

include various approaches such as revision with open dressing,

primary closure, closed irrigation, NPWT, and reconstruction

using vascularized soft tissue flaps (11). Although the optimal

surgical approach for treating sternal infections remains a topic

of debate, there is a consensus that wound debridement is

necessary in all cases (3). Regardless of the treatment method, it

is crucial to ensure sternal stability before delayed primary

closure (5). In cases of DSWI in which extensive debridement

has been performed and the sternum is unstable, a steel plate

may be used for fixation prior to delayed wound closure. Soft

tissue flap transposition is often required to address sternal

defects resulting from multiple treatment interventions or to fill a

sternal wound directly after debridement. However, in the

present case, fixation was not feasible because of a prior

sternectomy and recurrent wound infection (2–4).

The size of sternal wounds may vary significantly, and some

patients may present with wounds larger than 400 cm2, requiring

specialized coverage based on a specific concept. The prevailing

approach involves utilizing local flaps, such as the pectoralis

major flap, TRAM/VRAM flap, omentum majus flap, or,

occasionally, the LD flap (5). The selection of an appropriate flap

depends on the size and location of the sternal defect. Unilateral

myocutaneous pectoralis major flaps are suitable for small

defects, unilateral pedicled pectoralis major flaps for medium-

sized defects, and pedicled LD flaps for larger defects exceeding

12 cm (3). In cases of significant inferior sternal loss, a rectus

abdominis flap may be required in combination with a pectoralis

flap, and the choice of flap depends on the specific characteristics

of the patient’s DSWI defect. It is important to note that sternal

reconstruction using muscle flaps may present challenges,

including chronic pain and/or sternal instability, reported in

more than 40% of cases, and long-term muscle weakness (5–8).

In our case, the pectoralis major muscle was not possible

because of the large defect size, including skin defects, after

debridement. Owing to concerns regarding the patient’s

hemodynamic instability with lateral positional changes, using a

pedicled LD flap for defect coverage was not feasible. Instead, a

pedicled VRAM myocutaneous flap was selected to cover the

entire sternal defect, including the upper, middle, and lower

portions. Preoperative abdomen CT revealed reliable rectus
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muscle flap vascularity. A two-team approach for flap elevation was

possible during debridement by the thoracic and cardiovascular

surgery teams in the same operative field. This decision ensured

optimal tissue coverage while minimizing the risks associated

with the patient’s condition.

Introduced in the late 1990s, NPWT is a relatively new treatment

approach offering several sternal wound management benefits. It is

employed following debridement and prior to primary closure or

flap reconstruction to promote healthy granulation, enhance

vascularity, and control infection, thereby creating an optimal

environment for successful reconstruction. NPWT involves a

specific technique in cases of DSWI (1–5). The specific technique

involves the following method: After debridement of the sternal

wound, multiple layers of paraffin gauze can be placed at the

bottom to protect the pericardium and the heart from potential

damage, and the sternum might not be firmly fixed using internal

devices. Subsequently, a polyurethane foam is subsequently tailored

to fit the wound and covered with a sterile drape. A tube for

transmitting pressure is attached through a hole in the drape,

enabling the application of negative pressure. This closed NPWT

wound dressing has been shown to enhance postoperative wound

healing and minimize complications such as seroma, hematoma,

and infection (6). In our specific case, NPWT served as a valuable

salvage procedure for addressing the partial failure of flap

reconstruction, effectively reducing the need for another flap

surgery and facilitating complete wound healing through VAC.

In conclusion, the management of DSWI is a complex and

multifaceted challenge. This report highlights a case in which

flap reconstruction was successfully performed on an unstable

patient with complications following aortic valve replacement for

aortic stenosis and heart failure. NPWT, as a salvage procedure

to address flap compromise, specifically partial necrosis, plays a

crucial role in achieving successful surgical outcomes. We report

this case because efficient chest wall reconstruction was

performed by optimizing the surgical treatment and NPWT.

With this case report, we aim to contribute more to the literature.
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