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Introduction: Post-sternotomy surgical site infection (SSI) is a serious complication of cardiovascular
surgery. Here, we proposed a new clinical classification and reconstructive strategy for this condition.
Methods: A retrospective study based on medical records was performed on 100 consecutive cases
requiring wound management by plastic surgeons for post-sternotomy SSI at Kobe University Hospital
between January 2009 and December 2021. We classified 100 cases into four categories according to the
anatomical invasiveness of the infection (type 1, superficial SSI; type 2, sternal osteomyelitis; type 3,
mediastinitis; and type 4, aortic graft infection). The standard treatment plan comprised initial
debridement, negative pressure wound therapy with continuous irrigation, and reconstructive surgery.
Reconstructive methods and their outcomes (in-hospital mortality rate, follow-up period, and infection
recurrence rate) were investigated for each SSI category.
Results: There were nine SSI cases in type 1, 28 in type 2, 25 in type 3, and 38 in type 4. The pectoralis
major (PM) muscle advancement flap was mainly selected in types 1 and 2 (100 and 70.4%, respectively),
while the omental flap or latissimus dorsi (LD) myocutaneous flaps were mainly selected in types 3 and 4
(77.3 and 81.8%, respectively) for reconstructive surgery. The in-hospital mortality rates for types 1, 2, 3, 4
were 44.4, 3.6, 12.0, and 15.8%, respectively. The mean follow-up periods for types 1, 2, 3, 4 were 542.8,
1514.5, 1154.5, and 831.1 days, respectively. Infection recurrence rates for types 1, 2, 3, 4 were 0, 11.5, 13.3,
and 19.2%, respectively. All of these recurrent cases, except for 4 cases of type 4 that required surgical
intervention, were treated with conservative wound management.
Conclusion: A volume-rich flap (omental or LD flap) was required to fill the dead space after debridement
in mediastinitis (type 3) or aortic graft infection (type 4), whereas superficial SSI (type 1) or sternal
osteomyelitis (type 2) received a less-invasive flap (PM muscle advancement flap). Our new classification
method was based on the anatomical invasiveness of the infection, providing both a simple and easy
diagnosis and definitive treatment strategy.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction costs [1]. SSI incidence correlats with intra-operative wound
Surgical site infection (SSI) is one of the complications associ-
ated with an increase in postoperative mortality and health-care
ed tomography; LD, latissimus
th continuous irrigation; PM,

ry, Kobe University Graduate
obe 650-0017, Japan.
itano).
se Society for Regenerative

ative Medicine. Production and ho
contamination [2]. Preoperative bathing or showering of the sur-
gical site, sterilization of the surgical field with an aseptic solution,
and wound lavage before wound closure are encouraged to reduce
wound contamination risk during surgery. However, it is almost
impossible to obtain a completely sterilized surgical wound
immediately after surgery, because wound contamination during
the operative procedure is almost inevitable [3]. The inoculated
bacteria grow within the surgical wound and develop SSI at a
certain rate. While the infection is usually localized in the super-
ficial layer of the closed wound, a deep-layer wound infection,
osteomyelitis, or peri-organ space infection were encountered in
some cases [4].
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Fig. 1. Our classification of post-sternotomy SSI. We classified post-sternotomy SSI cases into four categories according to the anatomical invasiveness of the infection. Type 1,
superficial SSI; type 2, sternal osteomyelitis; type 3, mediastinitis; and type 4, AGI. Abbreviations: AGI, aortic graft infection; SSI, surgical site infection

Fig. 2. Type 1: superficial SSI. (a) A 70-year-old man after total arch replacement for aortic dissection presented with fever and wound discharge. (b), (c) Subcutaneous abscess was
confirmed, but there was no sternal instability. (d), (e), (f) The wound was reconstructed with the PM muscle advancement flap after NPWTci. (g), (h) CT before and after
reconstruction. Abbreviations: AGI, aortic graft infection; CT, computed tomography; NPWTci, negative-pressure wound therapy with continuous irrigation; PM, pectoralis major;
SSI, surgical site infection.
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Post-sternotomy SSI occurred in 1e7% of cardiovascular
surgery [5]. Mediastinitis is a deep-layer SSI, which is associ-
ated with a devastating clinical course. The in-hospital mor-
tality rate of mediastinitis was approximately 10% [6], and the
involvement of aortic graft infection (AGI) worsens this grave
condition. In 1999, Coselli et al. reported that the mortality rate
of AGI cases receiving in-situ graft replacement surgery was as
high as 42% [7]. Various surgical techniques have been devel-
oped to avoid in-situ replacement. Among these, extra-
anatomical bypass grafting is a representative operation aim-
ing to avoid re-infection of the graft [8]. However, even with
this challenging surgical approach, no significant reduction in
AGI mortality rate has been achieved [9].

Several classifications have been proposed for post-
sternotomy SSI [10e15]. The majority of these classifications
were based on the clinical course of patients, onset of SSI
[10,11,13] or general condition [11,12]. In other words, they did
not provide any constructive suggestions for the diagnosis and
treatment plan for each patient. Although van Wingerden et al.
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reported a treatment strategy using clinical classification that
was based on the anatomical invasiveness of the infection, AGI
was not mentioned [14]. Here, we advocated a new clinical
classification of post-sternotomy SSI based on the anatomical
invasiveness of the infection and discuss the strategy of
reconstructive surgery and its outcome.

2. Methods

2.1. Patients

One hundred consecutive patients with post-sternotomy SSI,
who received surgical intervention between January 2009 and
December 2021, were included in this study. All SSI cases (including
suspected SSI) were referred to the department of plastic surgery.
They were classified into four categories according to the
anatomical invasiveness of the infection. Based on medical records,
we performed a retrospective study of the reconstructive method
and its outcome.



Fig. 3. Type 2: sternal osteomyelitis. (a) A 82-year-old man after aortic valve replacement presented with fever and wound discharge. (b), (c) The exposed sternal wire and necrotic
bone were removed. (d), (e) Favorable granulation tissue was formed after NPWTci. (f) The bone defect was filled with the PM muscle advancement flap. (g), (h) CT before and after
reconstruction. The PM muscle was placed within the bone defect (arrow). Abbreviations: CT, computed tomography; NPWTci, negative-pressure wound therapy with continuous
irrigation; PM, pectoralis major.

Fig. 4. Subtypes of sternal osteomyelitis. (a) Type 2-a: wire-hole infection. (b) Wire removal and curettage of wire-hole. (c), (d) Postoperative CT and schema. The wire-hole tissue
was calcified. (e) Type 2-b: partial sternal osteomyelitis. (f) The infection spread along the wire-hole. The anterior plate and bone marrow were destructed, but the posterior plate
was intact. (g), (h) Postoperative CT and schema. The debrided sternal cavity was filled with PM muscle advancement flap. (i) Type 2-c: total sternal osteomyelitis. The infection
extended to the posterior plate, but the mediastinum was intact. Granulation tissue was formed on the preserved periosteum. (j) The defect was reconstructed with LD myocu-
taneous flap (k), (l) Postoperative CT and schema. The sternum was totally removed. Abbreviations: CT, computed tomography; LD, latissimus dorsi; PM, pectoralis major.
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2.2. Definition of post-sternotomy SSI

Our diagnostic criteria for post-sternotomy SSI were based on
the definitions of post-sternotomy mediastinitis presented by the
Center for Disease Control [16], the presence of clinical symptoms
(e.g., fever, chest pain, and wound discharge), positive wound cul-
ture, or imaging study findings (e.g., subcutaneous abscess).

2.3. Classification

The infectious wound was examined in an operating room un-
der general anesthesia. Necrotic tissue was debrided until viable
tissue was confirmed. Wounds were classified into four categories
according to the anatomical invasiveness of the infection (Fig. 1).
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Negative pressure wound therapy with continuous irrigation
(NPWTci) [17] was applied to the debrided wound until favorable
wound bed preparation was achieved.
2.3.1. Type 1: superficial SSI
The infection was confined to subcutaneous tissue and did not

extend into the sternum (Fig. 2). There was no sternal dehiscence,
usually accompanied by a clinical finding of periosteal union.
Clinical signs of infection (e.g., fever and wound discharge) usually
appeared in the first 2 weeks. Type 1 patients tended to have some
unique predisposing factors for delayed wound healing, such as
unstable postoperative hemodynamics or poor nutritional status.
While the amelioration of these factors could promote wound



Fig. 5. Type 3: mediastinitis. (a) A 74-year-old man after coronary artery bypass grafting presented with sepsis and subcutaneous swelling. (b) Purulent discharge was accumulated
in the mediastinum. (c) The wire-cutting through the sternum was confirmed. (d), (e) Wound bed preparation was achieved by NPWTci. (f) The mediastinum was reconstructed
with the omental flap. (g), (h) CT before and after reconstruction. The retrosternal abscess (arrow) was debrided. The defect was filled with the omental flap. Abbreviations: CT,
computed tomography; NPWTci, negative-pressure wound therapy with continuous irrigation.

Fig. 6. Type 4: AGI. (a) A 78-year-old man after total arch replacement for arch aortic dissection presented with sepsis and wound discharge. (b) The aortic graft was exposed after
re-sternotomy. (c) The wire and necrotic bone were removed. (d), (e) The wound was managed by NPWTci. (f) The omental flap was placed into the mediastinum so as to fill the
dead space around the graft. (g), (h) CT before and after reconstruction. The abscess around the graft was removed. The perivascular space was filled with the omental flap.
Abbreviations: AGI, aortic graft infection; CT, computed tomography; NPWTci, negative-pressure wound therapy with continuous irrigation.
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healing, many patients died from the despairing general condition
before reconstructive surgery.
2.3.2. Type 2: sternal osteomyelitis
The infection involved the sternum, but did not extend into the

mediastinum (Fig. 3). Necrotic sternum was often accompanied by
wire-cutting through the cortical bone. Meticulous debridement
and curettage of the necrotic bone marrow, following reconstruc-
tionwith well-vascularized soft tissue, were required to repress the
infection and prevent recurrence.

The sternum consists of the anterior plate, bone marrow, and
posterior plate. The three-layer structure resembles a “wafer”. The
sternal osteomyelitis could be classified into three subtypes,
depending on the depth of infection (Fig. 4). Type 2-a was a wire-
hole infection spreading along the sternal fixation wire. However,
it was confined to the wire-hole area. Wire extraction and
debridement led to wound healing with secondary intention. Type
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2-b was partial sternal osteomyelitis, in which the infection spread
to the anterior plate and bone marrow but the posterior plate was
intact. Curettage of the infected bone marrow and flap coverage
were optimal treatments. Type 2-c was total sternal osteomyelitis,
in which all three layers were completely destroyed, but the peri-
osteum of the posterior plate was intact. The infection did not
extend to the mediastinum. Total resection of the sternum was
inevitable. However, if the periosteum was preserved, granulation
tissue was formed.
2.3.3. Type 3: mediastinitis
The infection extended into the mediastinum (Fig. 5) and was

often associated with severe systemic infections (e.g., sepsis).
While it was usually concurrent with sternal osteomyelitis, rare
case presented as a mediastinitis alone. Involvement of the heart
or great vessels could cause fatal bleeding events. Immediate
surgical debridement and reconstruction with a well-vascularized



Fig. 7. Case and classification. Abbreviations: SSI, surgical site information.

Fig. 8. Reconstructive method. Abbreviations: LD, latissimus dorsi; PM, pectoralis
major.

Fig. 9. In-hospital mortality rate.

Fig. 10. Mean postoperative follow-up period.

Fig. 11. Infection recurrence rate. The major recurrence was referred as serious case
which required surgical intervention, while the minor recurrence received conserva-
tive treatment.
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flap (e.g., omental or latissimus dorsi [LD]) were essential to
control infection and save the patient’s life.

2.3.4. Type 4: AGI
AGI is referred to as mediastinitis with prosthetic graft infection

afteraortic archreplacement foraorticdissectionoraneurysm(Fig. 6).
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Prosthetic graft exposure exacerbated wound healing because it did
not have any anti-microbial activity. The infected graft was preferred
to be replacedwith a newgraft; however, the re-replacement surgery
was associated with a high-mortality rate [7]. We have reported the
combination method of NPWTci and omental flap reconstruction to
avoid re-replacement surgery inAGI [17].However, in some cases, the
infection recurrence was inevitable (Type 4-r).
2.4. Primary outcome

For each patient, the treatment plans were discussed by a clin-
ical conference of cardiovascular surgeons with plastic surgeons.
However, the final decision was made according to the operative
findings. We investigated the reconstructive method (e.g., pector-
alis major [PM], omental, or LD flap) performed after wound bed
preparation. We also determined whether there was a relationship
between the classification and reconstructive methods.
2.5. Secondary outcomes

Clinical outcomes (in-hospital mortality rate, postoperative
follow-up, and infection recurrence rate) were investigated. The
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Fig. 12. Our diagnostic and reconstructive algorithm. Abbreviations: AGI, aortic graft information; LD, latissimus dorsi; PM, pectoralis major; SSI, surgical site infection.
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postoperative follow-up period was defined as the period be-
tween the reconstructive surgery and last visit. Infection recur-
rence was classified into two types: major recurrence (required
surgical intervention for treatment) and minor recurrence (cured
by conservative treatment without surgery).

2.6. Statistical analysis

Cochran-Armitage and Jonkheer-Terpstra trend tests were
performed to determine if there was a relationship between the
classification and clinical outcomes by using EZR [18]. Difference
with a p-value < 0.05 was defined as statistically significant.

3. Results

3.1. Patient characteristics

A total of 100 patients (74 men and 26 women) with a mean
age of 69.6 years, were classified into four categories. The
numbers of patients with types 1, 2, 3, and 4 were 9, 28, 25, and
38, respectively (Fig. 7).

3.2. Primary outcome

Among 100 patients with SSI, 87 underwent reconstructive
surgery. The PM muscle advancement flap was selected in 33
patients (37.9%), omental flap in 29 (33.3%), LD flap in 19
(21.9%), and other flaps in six (6.9%). The PM advancement flap
was selected in five patients with type 1 (100%), 19 out of 27
patients with type 2 (70.4%), four out of 22 patients with type 3
(18.2%), and five out of 33 patients with type 4 (15.2%). In
contrast, omental or LD flaps were selected in none of the pa-
tients with type 1 (0%), four out of 27 patients with type 2
(14.8%), 17 out of 22 patients with type 3 (77.3%), and 27 out of
33 patients with type 4 (81.8%). Types 1 and 2 were predisposed
to be closed with a less-invasive (PM muscle advancement) flap,
whereas types 3 and 4 were volume-rich (omental or LD) flaps
(Fig. 8). The Cochran-Armitage trending test showed a very
strong correlation between the classification and reconstructive
methods (p ¼ 4.52 � 10�7).
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3.3. Secondary outcome

Of the 100 patients, 14 died in the hospital. The in-hospital
mortality rates for type 1, 2, 3, and 4 were 44.4, 3.6, 12.0, and
15.8%, respectively (Fig. 9). The Cochran-Armitage trend test found
no statistical correlation between the classification and in-hospital
mortality rate for types 1 to 4 (p ¼ 0.94), whereas a significant
correlation was found among types 2, 3, and 4 (p ¼ 0.04).

The mean follow-up periods for types 1, 2, 3, and 4 were
542.8, 1514.5, 1154.5, and 831.1 days, and the medians were
296.5, 1431.0, 499.5, and 292.0 days, respectively (Fig. 10). The
Jonckheere-Terpstra trend test did not show a correlation be-
tween the classification and follow-up period for types 1 to 4
(p ¼ 0.10), while there was a significant correlation among types
2, 3, and 4 (p ¼ 0.01).

Of the 71 patients who were followed-up for more than 6
months after reconstruction, 10 (14.1%) had recurrence of infection.
Six patients were treated with conservative wound care (minor
recurrence), while four patients required surgical intervention
(major recurrence). Minor recurrence was confirmed in three pa-
tients with type 2, two with type 3, and one with type 4, while
major recurrence was detected in four patients with type 4. All
major recurrence cases received debridement, NPWTci, and
reconstructive procedure in the operation room. The incidence
rates of infection recurrence for types 1, 2, 3, and 4 were 0.0, 11.5,
13.3, and 19.2%, respectively (Fig. 11). The Cochran-Armitage trend
test did not demonstrate a correlation between classification and
infection recurrence (p ¼ 0.30).

4. Discussion

Post-sternotomy SSI is a serious postoperative complication
that affects patient prognosis. Collaboration between well-
trained cardiovascular and reconstructive surgeons is necessary
for successful surgical management. One of the most important
missions is to clarify the treatment plan and instruct the team
members. An optimal outcome will not be achieved unless the
team does not move towards the same goal. Therefore, there is a
need to establish a basic treatment strategy for post-sternotomy
SSI.
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Several researchers have reported some classifications of post-
sternotomy SSI [10e15]. However, the majority of these classifica-
tions were based on clinical information (e.g., onset of symptoms)
and were less associated with the diagnosis or treatment strategy.
Our classification was based on the anatomical invasiveness of the
infection. Therefore, it was simple and easy to understand, even for
inexperienced team members. We expect that our classification
will be utilized for sharing treatment plans with team members
and facilitating constructive discussions.

Our study demonstrated a strong correlation between the
classification and reconstructive methods. Superficial SSI (type 1)
or sternal osteomyelitis (type 2) was managed with a less-invasive
(PM muscle advancement) flap, whereas mediastinitis (type 3) or
AGI (type 4) required a volume-rich (omental or LD) flap to fill the
dead space (Fig.12). This trend could be explained by the defect size
arising after debridement; as the infection became deeper, the
defect size became lager. In other words, a large flapwas not always
necessary if the defect was confined to the superficial area. We
traditionally selected a volume-rich flap (e.g., omental flap or LD
flap) for the reconstruction of type 2 (sternal osteomyelitis) cases.
However, now we found that PM advancement flap provided suf-
ficient results in type 2 cases. Our classification system could pro-
vide a precise diagnosis and contribute to revise the treatment
plans so that we could avoid unnecessary invasive procedures.

The prognosis of patients with post-sternotomy SSI worsened in
the order of classification number, suggesting that more serious
consequences (e.g., great vessel rupture) would be expected as the
infection involved deeper areas. Superficial SSI (type 1) was asso-
ciated with a high mortality rate, presumably due to the common
presentation of an extremely poor general condition status after
cardiovascular surgery in patients with type 1, causing inadequate
perfusion in the surgical wound. Consequently, the subcutaneous
tissue was necrotic.

As a strategy for AGI (type 4), maximum efforts were provided to
avoid the removal of infected grafts and redo-replacement surgery
(graft-preservation approach). Meticulous debridement concomi-
tant with NPWTci and timely reconstructive surgery were essential
to achieve favorable outcomes. While the omental flap was our
first-choice, the LD flap was selected for patients with a history of
laparotomy. We previously reported that the graft-preservation
approach could prevent both redo-replacement surgery and
infection recurrence [18].

However, we need to be aware of the potential infection
recurrence risk in the graft-preservation approach. It was difficult
to perform wound cleansing in the deep-sternal area, which
particularly involved the descending aorta. Additionally, it was
difficult to cover the descending aortawith well-vascularized tissue
because the arc of rotation of the flap was limited (e.g., the omental
or LD flap could not reach the descending aorta). As such, there
have been several cases of infection recurrence in AGI (type 4-r).
We considered redo-replacement of the infected graft for AGI
recurrence. We have advocated the versatility of trans-thoracic LD
muscle flap reconstruction using the anterolateral partial sternot-
omy approach [19]; this method was useful for the treatment of
recurrent AGI cases that involved the descending aorta.

Our classification was based on the basic principle of SSI devel-
opment. In this regard, it was assumed that the bacteria invaded the
wound surface and spread to deeper areas. In other words, if the
infectionwas confined to the sternum or a more superficial area, the
mediastinum was considered intact. However, we sometimes
encountered some exceptional cases, in which late-onset media-
stinitis developed even after the subcutaneous tissue or sternumwas
completely fused. We reported a case of mediastinitis with hema-
togenous metastasis of infection [20] or dissemination from a tra-
cheostomyhole [21]. Thesemediastinitis caseswere characterized by
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non-malunion of the sternum. Careful attention should be paid to
cases of superficial or sternal osteomyelitis if the clinical course after
debridement is undesirable, and re-sternotomy should not be per-
formed to confirm the mediastinal condition. We hope that our
classification and strategywill facilitate appropriate decision-making
for the treatment of post-sternotomy SSI and offer an opportunity to
address further discussion in the future.

5. Conclusion

We advocate a new clinical classification and reconstructive
strategy for post-sternotomy SSI. Our classification system con-
sisted of four categories according to the anatomical invasiveness of
the infection. There was a strong correlation between the classifi-
cation and reconstructive methods. We must be aware of potential
exceptional cases of late-onset mediastinitis. Further research is
warranted to investigate the treatment of post-sternotomy SSI.
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